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Inter-Symbol Interference
 Larger difference in 

path length can cause 
inter-symbol 
interference (ISI)

 Suppose the receiver 
can do some 
processing
 Add/subtracted scaled 

and delayed copies of 
the signal

minus:

Time
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Dynamic Equalization
 Combine multiple delayed copies of the signal
 ex: linear equalizer circuit

τ τττ

Weight
Calculation

Original
Signal

Equalized
Signal
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Equalization Discussion

 Use multiple delayed copies of the received signal to try to 
reconstruct the original signal

 Weights are set dynamically
 Typically based on some known “training” sequence

 Effectively uses the multiple copies of the signal to reinforce 
each other 
 But only works for paths that differ in length by less than the 

depth of the pipeline

Time
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Diversity Techniques
 Spatial diversity
 Exploit fact that fading is location-specific
 Use multiple nearby antennas and combine signals

 Can be directional

 Frequency diversity
 Spread signal over multiple frequencies/broader frequency band

 For example, spread spectrum

 Channel Diversity
 Distribute signal over multiple “channels”

 “Channels” experience independent fading 
 Reduces the error, i.e. only part of the signal is affected

 Time diversity
 Spread data out over time
 Expand bit stream into a richer digital signal

 Useful for bursty errors, e.g. slow fading
 A specific form of channel coding
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Spatial Diversity
 Use multiple antennas that pick up the signal in 

slightly different locations
 Can use more than two antennas!

 Each antenna experiences different channels
 If antennas are sufficiently separated, chances are that 

the signals are mostly uncorrelated
 If one antenna experiences deep fading, chances are 

that the other antenna has a strong signal
 Antennas should be separated by ½ wavelength or more

 Applies to both transmit and receive side
 Channels are symmetric
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Receiver Diversity
 Simplest solution
 Selection diversity: pick antenna with best SNR

 But why not use both signals?  
+ More information 
- Signals out of phase, e.g. kind of like multi-path
? Don’t amplify the noise

 Maximal ratio combining: combine signals with 
a weight that is based on their SNR
 Weight will favor the strongest signal (highest SNR)
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Transmit Diversity
 Same as receive diversity but the transmitter 

has multiple antennas
 Selection diversity: transmitter picks the best 

antenna
 i.e. with best channel to receiver
 Sender “precodes” the signal

 How does transmitter learn channel?
 Gets explicit feedback from the receiver
 Rely on channel reciprocity
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Typical Algorithm in 802.11 
 Use transmit + receive selection diversity 
 How to explore all channels to find the best one 

… or at least the best transmit antenna
 Receiver
 Use the antenna with the strongest signal
 Always use the same antenna to send the 

acknowledgement – gives feedback to the sender

Transmit Receiver
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Typical Algorithm in 802.11 
 Use transmit + receive selection diversity 
 How to explore all channels to find the best one 

… or at least the best transmit antenna
 Sender
 Pick an antenna to transmit and learn about the channel 

quality based on the ACK
 Occasionally try the other antenna to explore the 

channel between all four channel pairs

Transmit Receiver
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Spread Spectrum
 Spread transmission over a wider bandwidth
 Don’t put all your eggs in one basket!
 Good for military

 Jamming and interception becomes harder
 Also useful to minimize impact of a “bad” frequency in 

regular environments
 What can be gained from this apparent waste of 

spectrum?
 Immunity from various kinds of noise and multipath 

distortion
 Can be used for hiding and encrypting signals
 Several users can independently use the same higher 

bandwidth with very little interference
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Frequency Hopping Spread Spectrum 
(FHSS)
 Have the transmitter hop between a seemingly 

random sequence of frequencies
 Each frequency has the bandwidth of the original signal

 Dwell time is the time spent using one frequency
 Spreading code determines the hopping sequence
 Must be shared by sender and receiver (e.g. 

standardized)

Time
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Example: Original 802.11 Standard (FH)
 96 channels of 1 MHz
 Only 78 used in US

 Other countries used different numbers
 Each channel carried only ~1% of the bandwidth
 1 or 2 Mbps per channel

 Dwell time was configurable
 FCC set an upper bound of 400 msec
 Transmitter/receiver must be synchronized

 Standard defined 26 orthogonal hop sequences
 Transmitter used a beacon on fixed frequency to inform the 

receiver of its hop sequence
 Can support multiple simultaneous transmissions – use 

different hop sequences
 e.g. up to 10 co-located APs with their clients
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Example: Bluetooth
 79 frequencies with a spacing of 1 MHz
 Other countries use different numbers of 

frequencies

 Frequency hopping rate is 1600 hops/s
 Maximum data rate is 1 MHz
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Direct Sequence Spread Spectrum (DSSS)
 Each bit in original signal is represented by multiple bits 

(chips) in the transmitted signal
 Spreading code spreads signal across a wider frequency 

band 
 Spread is in direct proportion to number of bits used
 e.g. exclusive-OR of the bits with the spreading code 

 The resulting bit stream is used to modulate the signal
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Direct Sequence Spread Spectrum (DSSS)
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Properties
 Each bit is sent as multiple chips
 Need more bps bandwidth to send signal
 Number of chips per bit = spreading ratio

 This is the spreading part of spread spectrum

 Need more spectral bandwidth 
 Nyquist and Shannon say so!

 Advantages
 Transmission is more resilient.

 DSSS signal will look like noise in a narrow band
 Can lose some chips in a word and recover easily

 Multiple users can share bandwidth
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Example: Original 802.11 Standard (DSSS)
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 DSSS PHY 
 1 Msymbol/s rate 
 11-to-1 spreading ratio 
 Barker chipping sequence

 Barker sequence has low autocorrelation properties
 The similarity between observations as a function of the time lag between them

 Uses about 22 MHz
 Receiver decodes by counting the number of “1” bits in 

each word
 6 “1” bits correspond to a 0 data bit

 Data rate 
 1 Mbps (i.e. 11 Mchips/sec)
 Extended to 2 Mbps

 Requires the detection of a ¼ phase shift



Example: 802.11b
 (Maximum) data rate 
 11 Mbs

 Complementary Code Keying (CCK)
 Complementary means that the code has good auto-

correlation properties
 Want nice properties to ease recovery in the presence of 

noise, multipath interference, ..
 Each word is mapped onto an 8 bit chip sequence
 Symbol rate at 1.375 MSymbols/sec, at 8 bpS = 11 Mbps 

 Symbol rate 
 1.375 MSymbols/sec, at 8 bpS = 11 Mbps 
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Code Division Multiple Access
 Users share spectrum and time, but use different 

codes to spread their data over frequencies
 DSSS where users use different spreading sequences
 Use spreading sequences that are orthogonal, i.e. they 

have minimal overlap
 Frequency hopping with different hop sequences

 The idea is that users will only rarely overlap and 
the inherent robustness of DSSS will allow users 
to recover if there is a conflict
 Overlap = use the same the frequency at the same time
 The signal of other users will appear as noise
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CDMA Principle
 Basic Principles of CDMA
 D = rate of data signal
 Break each bit into k chips - user-specific fixed pattern 
 Chip data rate of new channel = kD

 If k=6 and code is a sequence of 1s and -1s
 For a ‘1’ bit, A sends code as chip pattern 

 <c1, c2, c3, c4, c5, c6>
 For a ‘0’ bit, A sends complement of code

 <-c1, -c2, -c3, -c4, -c5, -c6>

 Receiver knows sender’s code and performs electronic 
decode function

 <d1, d2, d3, d4, d5, d6> = received chip pattern
 <c1, c2, c3, c4, c5, c6> = sender’s code

( ) 665544332211 cdcdcdcdcdcddSu ×+×+×+×+×+×=
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CDMA Example
 User A code = <1, –1, –1, 1, –1, 1>
 To send a 1 bit = <1, –1, –1, 1, –1, 1>
 To send a 0 bit = <–1, 1, 1, –1, 1, –1>

 User B code = <1, 1, –1, – 1, 1, 1>
 To send a 1 bit = <1, 1, –1, –1, 1, 1>

 Receiver receiving with A’s code
 (A’s code) x (received chip pattern)
 User A ‘1’ bit: 6 -> 1
 User A ‘0’ bit: -6 -> 0
 User B ‘1’ bit: 0 -> unwanted signal ignored
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CDMA Example
 CDMA cellular standard
 Used in the US, e.g. Sprint

 Allocates 1.228 MHz for base station to mobile 
communication
 Shared by 64 “code channels”
 Used for voice (55), paging service (8), and control (1)

 Provides a lot error coding to recover from 
errors
 Voice data is 8550 bps
 Coding and FEC increase this to 19.2 kbps
 Then spread out over 1.228 MHz using DSSS; uses 

QPSK 
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Discussion
 Spread spectrum is very widely used
 Effective against noise and multipath
 Signal looks like noise to other nodes
 Multiple transmitters can use the same frequency 

range
 FCC requires the use of spread spectrum in 

ISM band
 If signal is above a certain power level

 Is also used in higher speed 802.11 versions.
 No surprise!
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Time Redundancy: Bit Stream Level
 Protect digital data by introducing redundancy in the 

transmitted data
 Error detection codes: can identify certain types of errors
 Error correction codes: can fix certain types of errors

 Block codes provide Forward Error Correction (FEC) for 
blocks of data
 (n, k) code: n bits are transmitted for k information bits
 Simplest example: parity codes
 Many different codes exist: Hamming, cyclic, Reed-Solomon, …

 Convolutional codes provide protection for a continuous 
stream of bits
 Coding gain is n/k
 Turbo codes: convolutional code with channel estimation
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Time Diversity Example
 Spread blocks of bytes out over time
 Can use FEC or other error recovery 

techniques to deal with burst errors

A1 A2 A4A3 B1 B2 B4B3 C1 C2 C4C3

A1 A2D1 A3B1 B2 D2 B3C1 C2 D3C3
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Error Detection/Recovery

Fall 2024© CS/ECE 439 Staff, University of Illinois

 Adds redundant information that checks for 
errors
 And potentially fix them
 If not, discard packet and resend

 Occurs at many levels
 Demodulation of signals into symbols (analog)
 Bit error detection/correction (digital)—our main 

focus
 Within network adapter (CRC check)



Error Detection/Recovery
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 Analog Errors
 Example of signal distortion

 Hamming distance
 Parity and voting
 Hamming codes

 Error bits or error bursts?
 Digital error detection
 Two-dimensional parity 
 Cyclic Redundancy Check (CRC)



Analog Errors
 Consider the following encoding of ‘Q’
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Encoding isn’t perfect
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		4.8		0.2377026264		0.24		1.5079644737		0.24		0.7132044192		0.7795989083		0.24		1.0566148785		-0.0052352237		0.0044670892		4.2		14.3803785775		15

		5		0.2474039593		0.25		1.5707963268		0.25		0.6366197724		0.6366197724		0.25		0.9003163162		-0.0054189688		0.0031417182		4.4		16.2018640654		15

		5.2		0.2570805519		0.26		1.6336281799		0.26		0.6583425408		0.5046390315		0.26		0.8295031363		-0.0062892012		0.0021536681		4.6		16.211597703		15

		5.4		0.2667314367		0.27		1.6964600329		0.27		0.7571455693		0.4261488803		0.27		0.8688338629		-0.00769272		0.001571251		4.8		14.5738493161		15

		5.6		0.2763556486		0.28		1.759291886		0.28		0.8969093199		0.4289367526		0.28		0.9941997113		-0.0092879026		0.0012735469		5		13.5761010907		15

		5.8		0.2859522251		0.29		1.8221237391		0.29		1.0344704164		0.5218908694		0.29		1.1586626438		-0.0106371681		0.0010204158		5.2		14.5799890712		15

		6		0.2955202067		0.3		1.8849555922		0.3		1.128210675		0.6944550842		0.3		1.3248121342		-0.0113239875		0.0005507405		5.4		16.2403621655		15

		6.2		0.3050586364		0.31		1.9477874452		0.31		1.1458449755		0.919606467		0.31		1.4692299895		-0.0110626645		-0.0003212067		5.6		16.2287599377		15

		6.4		0.3145665606		0.32		2.0106192983		0.32		1.0700900314		1.1596287448		0.32		1.577919992		-0.0097723595		-0.0016387349		5.8		14.3502759234		15

		6.6		0.3240430284		0.33		2.0734511514		0.33		0.9013348032		1.3735095487		0.33		1.6428429346		-0.0075973801		-0.0032826491		6		13.091415849		15

		6.8		0.3334870921		0.34		2.1362830044		0.34		0.6570018087		1.5245686629		0.34		1.6601087268		-0.0048705145		-0.005001657		6.2		14.6020222861		15

		7		0.3428978075		0.35		2.1991148575		0.35		0.3678830106		1.5869558941		0.35		1.6290386488		-0.0020310855		-0.0064825563		6.4		17.4830423384		15

		7.2		0.3522742333		0.36		2.2619467106		0.36		0.072250303		1.5499239459		0.36		1.55160702		0.000479448		-0.0074388569		6.6		17.3282793822		15

		7.4		0.361615432		0.37		2.3247785637		0.37		-0.1911073013		1.4192269001		0.37		1.4320359613		0.0023168653		-0.0076921858		6.8		10.899188683		15

		7.6		0.3709204694		0.38		2.3876104167		0.38		-0.3896339436		1.2155330668		0.38		1.2764541693		0.0033038021		-0.0072237126		7		-0.3402112275		15

		7.8		0.3801884151		0.39		2.4504422698		0.39		-0.5023572303		0.9702738888		0.39		1.092608899		0.0034539439		-0.0061818339		7		-0.3402112275		-15

		8		0.3894183423		0.4		2.5132741229		0.4		-0.5229544077		0.719784992		0.4		0.8897031793		0.0029478002		-0.0048447712		7.2		-11.1074404418		-15

		8.2		0.398609328		0.41		2.5761059759		0.41		-0.4600961858		0.4988591561		0.41		0.6786375747		0.002069826		-0.0035490806		7.4		-16.7692128485		-15

		8.4		0.4077604531		0.42		2.638937829		0.42		-0.3351339305		0.3348846134		0.42		0.4737746887		0.001126114		-0.0026040032		7.6		-16.9250819775		-15

		8.6		0.4168708024		0.43		2.7017696821		0.43		-0.177666273		0.2435849515		0.43		0.3014944994		0.0003656947		-0.002214815		7.8		-14.8317498667		-15

		8.8		0.4259394651		0.44		2.7646015352		0.44		-0.0198758573		0.2270455638		0.44		0.2279138823		-0.0000740718		-0.0024352104		8		-13.8161290217		-15

		9		0.4349655341		0.45		2.8274333882		0.45		0.1092924048		0.2742720712		0.45		0.2952456584		-0.000185442		-0.0031603374		8.2		-14.5626060433		-15

		9.2		0.443948107		0.46		2.8902652413		0.46		0.189058784		0.3640611263		0.46		0.4102239967		-0.0000698511		-0.0041608703		8.4		-15.589031025		-15

		9.4		0.4528862854		0.47		2.9530970944		0.47		0.2099956964		0.4695576095		0.47		0.5143758754		0.0001119311		-0.0051475741		8.6		-15.6050423178		-15

		9.6		0.4617791755		0.48		3.0159289474		0.48		0.1749782348		0.5635949105		0.48		0.5901327019		0.000202438		-0.0058481271		8.8		-14.8781705975		-15

		9.8		0.4706258882		0.49		3.0787608005		0.49		0.0978278327		0.6238115445		0.49		0.6314357671		0.000103701		-0.0060754626		9		-14.4784613544		-15

		10		0.4794255386		0.5		3.1415926536		0.5		-0		0.6366197724		0.5		0.6366197724		-0.0001893488		-0.0057700483

		10.2		0.4881772469		0.51		3.2044245067		0.51		-0.0939914471		0.5993483467		0.51		0.6066735801		-0.0005872714		-0.0050062697

		10.4		0.4968801378		0.52		3.2672563597		0.52		-0.1615183706		0.5202414558		0.52		0.5447378786		-0.000935708		-0.0039631472

		10.6		0.5055333412		0.53		3.3300882128		0.53		-0.1862225987		0.4164001443		0.53		0.4561446442		-0.0010665014		-0.0028691843

		10.8		0.5141359917		0.54		3.3929200659		0.54		-0.1610500753		0.3101261446		0.54		0.3494500713		-0.0008546417		-0.0019376424

		11		0.5226872289		0.55		3.4557519189		0.55		-0.0894210585		0.2244044219		0.55		0.2415646296		-0.000263928		-0.0013103294

		11.2		0.5311861979		0.56		3.518583772		0.56		0.015616745		0.178392943		0.56		0.1790751933		0.0006322872		-0.0010247751

		11.4		0.5396320487		0.57		3.5814156251		0.57		0.1340289428		0.1837570686		0.57		0.2274432188		0.0016616421		-0.0010125314

		11.6		0.5480239368		0.58		3.6442474782		0.58		0.2426831911		0.2425026511		0.58		0.3430782229		0.0025920495		-0.0011273866

		11.8		0.5563610229		0.59		3.7070793312		0.59		0.3197278579		0.3466648373		0.59		0.4715956028		0.0031891129		-0.0011940554

		12		0.5646424734		0.6		3.7699111843		0.6		0.3486362718		0.4798566613		0.6		0.5931354528		0.0032760881		-0.0010626315

		12.2		0.5728674601		0.61		3.8327430374		0.61		0.3211792128		0.6203390437		0.61		0.6985532305		0.0027802033		-0.0006531151

		12.4		0.5810351605		0.62		3.8955748905		0.62		0.2388079009		0.7450041377		0.62		0.782342878		0.0017530107		0.0000222356

		12.6		0.5891447579		0.63		3.9584067435		0.63		0.1122376214		0.8335142111		0.63		0.8410369931		0.0003595813		0.0008642543

		12.8		0.5971954414		0.64		4.0212385966		0.64		-0.0406407954		0.8718322196		0.64		0.8727789487		-0.0011602353		0.0017174034

		13		0.6051864057		0.65		4.0840704497		0.65		-0.1980908518		0.8545147122		0.65		0.877174657		-0.0025479354		0.0024159308

		13.2		0.613116852		0.66		4.1469023027		0.66		-0.3384554772		0.7853838567		0.66		0.8552075259		-0.0035850125		0.0028319393

		13.4		0.620985987		0.67		4.2097341558		0.67		-0.4439410225		0.6765047031		0.67		0.8091614454		-0.0041390985		0.0029115134

		13.6		0.628793024		0.68		4.2725660089		0.68		-0.5035717795		0.5457076446		0.68		0.7425505845		-0.004186415		0.0026888109

		13.8		0.6365371822		0.69		4.335397862		0.69		-0.5147999165		0.4131565287		0.69		0.6600888359		-0.0038060814		0.0022745388

		14		0.6442176872		0.7		4.398229715		0.7		-0.4835188607		0.2976236075		0.7		0.567776629		-0.0031494869		0.0018225933

		14.2		0.651833771		0.71		4.4610615681		0.71		-0.4225301701		0.2131666931		0.71		0.4732565728		-0.0023944177		0.001484769

		14.4		0.659384672		0.72		4.5238934212		0.72		-0.3487980689		0.1668087371		0.72		0.3866332211		-0.0016971984		0.0013666401

		14.6		0.666869635		0.73		4.5867252742		0.73		-0.2800401421		0.1576167091		0.73		0.3213495109		-0.0011558977		0.0014971645

		14.8		0.6742879116		0.74		4.6495571273		0.74		-0.2313095414		0.1773056057		0.74		0.2914470479		-0.0007938577		0.0018204893

		15		0.68163876		0.75		4.7123889804		0.75		-0.2122065908		0.2122065908		0.75		0.3001054387		-0.000566621		0.0022120662

		15.2		0.6889214451		0.76		4.7752208335		0.76		-0.2252224482		0.2461891289		0.76		0.3336678564		-0.0003885565		0.0025143353

		15.4		0.6961352386		0.77		4.8380526865		0.77		-0.2654926022		0.2639606344		0.77		0.3743815412		-0.000170042		0.0025818326

		15.6		0.7032794192		0.78		4.9008845396		0.78		-0.3219674482		0.2541123019		0.78		0.4101659416		0.0001465748		0.0023230941

		15.8		0.7103532724		0.79		4.9637163927		0.79		-0.3797423048		0.211343714		0.79		0.4345922036		0.0005631896		0.0017277918

		16		0.7173560909		0.8		5.0265482457		0.8		-0.4230790031		0.1374667012		0.8		0.4448515896		0.0010213376		0.0008717854

		16.2		0.7242871744		0.81		5.0893800988		0.81		-0.4385332622		0.0410270141		0.81		0.4404482239		0.0014179235		-0.0001010415

		16.4		0.7311458297		0.82		5.1522119519		0.82		-0.4175961098		-0.0643552587		0.82		0.4225258693		0.0016363834		-0.0010149189

		16.6		0.7379313711		0.83		5.215043805		0.83		-0.3583620302		-0.162588271		0.83		0.3935203813		0.0015838598		-0.0017062705

		16.8		0.74464312		0.84		5.277875658		0.84		-0.2659293035		-0.2381469753		0.84		0.3569767167		0.0012232366		-0.0020637707

		17		0.7512804051		0.85		5.3407075111		0.85		-0.1514812396		-0.2789702079		0.85		0.3174443934		0.0005903884		-0.0020538152

		17.2		0.7578425629		0.86		5.4035393642		0.86		-0.0302443129		-0.2786775981		0.86		0.2803139706		-0.0002087501		-0.0017250935

		17.4		0.764328937		0.87		5.4663712172		0.87		0.0812755189		-0.2377058239		0.87		0.2512165773		-0.0010209244		-0.0011918148

		17.6		0.7707388789		0.88		5.5292030703		0.88		0.1682510211		-0.1631734991		0.88		0.2343800267		-0.0016821202		-0.0006009502

		17.8		0.7770717475		0.89		5.5920349234		0.89		0.2201340672		-0.067524641		0.89		0.2302576485		-0.0020580581		-0.0000930011

		18		0.7833269096		0.9		5.6548667765		0.9		0.2324241812		0.0337732104		0.9		0.234865131		-0.0020776355		0.0002328001

		18.2		0.7895037397		0.91		5.7176986295		0.91		0.2072960837		0.125030365		0.91		0.2420831644		-0.0017502945		0.0003396272

		18.4		0.79560162		0.92		5.7805304826		0.92		0.1529959248		0.1931069006		0.92		0.2463696979		-0.0011627386		0.0002554823

		18.6		0.8016199409		0.93		5.8433623357		0.93		0.0821467714		0.2296433947		0.93		0.2438937899		-0.0004560702		0.0000572965

		18.8		0.8075581004		0.94		5.9061941887		0.94		0.0093035928		0.2323508916		0.94		0.2325370802		0.000210306		-0.0001577522

		19		0.8134155048		0.95		5.9690260418		0.95		-0.0517700865		0.2051446885		0.95		0.2115761922		0.0006982245		-0.000304752

		19.2		0.8191915683		0.96		6.0318578949		0.96		-0.0905906673		0.1571268417		0.96		0.1813712034		0.0009232538		-0.0003376887

		19.4		0.8248857133		0.97		6.094689748		0.97		-0.101750492		0.1006369172		0.97		0.1431116758		0.0008718355		-0.0002625176

		19.6		0.8304973705		0.98		6.157521601		0.98		-0.0857036252		0.0487595195		0.98		0.0986032562		0.0005991521		-0.0001331799

		19.8		0.8360259786		0.99		6.2203534541		0.99		-0.0484198364		0.0127699287		0.99		0.0500754594		0.0002091552		-0.0000321562

		20		0.8414709848		1		6.2831853072		1		0		0		1		0		-0.0001770157		-0.0000416825

		20.2		0.8468318446		1.01		6.3460171603		1.01		0.0474610277		0.0125170588		1.01		0.0490838661		-0.0004550593		-0.0002144353

		20.4		0.8521080219		1.02		6.4088490133		1.02		0.0823426988		0.0468473815		1.02		0.0947364618		-0.0005645097		-0.0005525936

		20.6		0.8572989892		1.03		6.4716808664		1.03		0.0958232789		0.0947745725		1.03		0.1347750733		-0.0005015588		-0.0010017199

		20.8		0.8624042272		1.04		6.5345127195		1.04		0.0836221545		0.1450401616		1.04		0.1674195723		-0.0003148094		-0.0014615906

		21		0.8674232256		1.05		6.5973445725		1.05		0.0468396021		0.1856070992		1.05		0.1914260786		-0.0000859873		-0.0018112136

		21.2		0.8723554823		1.06		6.6601764256		1.06		-0.0082503559		0.2060470171		1.06		0.2062121277		0.0000981579		-0.0019411739

		21.4		0.8772005043		1.07		6.7230082787		1.07		-0.0713985957		0.1995965954		1.07		0.2119824529		0.0001742194		-0.0017843189

		21.6		0.8819578069		1.08		6.7858401318		1.08		-0.1303298619		0.1644984709		1.08		0.2098704834		0.000122405		-0.0013361919

		21.8		0.8866269144		1.09		6.8486719848		1.09		-0.1730637029		0.1043831488		1.09		0.2021061281		-0.0000270889		-0.0006594354

		22		0.8912073601		1.1		6.9115038379		1.1		-0.1901652392		0.0276326267		1.1		0.1921623799		-0.0002032333		0.0001292122

		22.2		0.8956986857		1.11		6.974335691		1.11		-0.1765038917		-0.0541413788		1.11		0.1846209974		-0.0003159431		0.0008859497

		22.4		0.9001004422		1.12		7.037167544		1.12		-0.1321972308		-0.1282077493		1.12		0.1841557352		-0.0002839249		0.0014738162

		22.6		0.9044121894		1.13		7.0999993971		1.13		-0.062574957		-0.1830124485		1.13		0.193414533		-0.000060361		0.0017945326

		22.8		0.9086334961		1.14		7.1628312502		1.14		0.0228158851		-0.2102304687		1.14		0.2114649252		0.0003511189		0.0018100461

		23		0.9127639403		1.15		7.2256631033		1.15		0.1119643945		-0.2061953711		1.15		0.2346328125		0.0008948722		0.0015484647

		23.2		0.9168031088		1.16		7.2884949563		1.16		0.1925694957		-0.1724512579		1.16		0.2585003811		0.0014766164		0.0010933858

		23.4		0.9207505977		1.17		7.3513268094		1.17		0.2542226368		-0.1153403973		1.17		0.2791640312		0.0019879927		0.0005600901

		23.6		0.9246060124		1.18		7.4141586625		1.18		0.2901939068		-0.044721451		1.18		0.2936196719		0.0023353927		0.0000654788

		23.8		0.9283689672		1.19		7.4769905155		1.19		0.2984974306		0.0279259508		1.19		0.2998008919		0.002464935		-0.0002999579

		24		0.932039086		1.2		7.5398223686		1.2		0.2820526687		0.0916444674		1.2		0.2965677264		0.0023765929		-0.0004907683

		24.2		0.9356160016		1.21		7.6026542217		1.21		0.2479309262		0.1379847389		1.21		0.2837420173		0.0021235546		-0.0005113126

		24.4		0.9390993563		1.22		7.6654860748		1.22		0.2058480406		0.1624652422		1.22		0.2622372414		0.0017970577		-0.0004062987

		24.6		0.9424888019		1.23		7.7283179278		1.23		0.1662026859		0.1652436492		1.23		0.2343689323		0.0015009857		-0.000240722

		24.8		0.9457839994		1.24		7.7911497809		1.24		0.138039565		0.1508901113		1.24		0.2045061055		0.0013233328		-0.000075718

		25		0.9489846194		1.25		7.853981634		1.25		0.1273239545		0.1273239545		1.25		0.1800632632		0.0013124326		0.0000522543

		25.2		0.9520903416		1.26		7.916813487		1.26		0.1358484608		0.1041318636		1.26		0.1711673138		0.0014644391		0.0001427215

		25.4		0.9551008556		1.27		7.9796453401		1.27		0.1609679557		0.0905985808		1.27		0.184712711		0.0017253433		0.0002298241

		25.6		0.9580158603		1.28		8.0424771932		1.28		0.1961989137		0.0938299146		1.28		0.2174811868		0.0020067412		0.0003689451

		25.8		0.9608350642		1.29		8.1053090463		1.29		0.2325553649		0.117324304		1.29		0.2604745478		0.0022107841		0.0006156147

		26		0.9635581854		1.3		8.1681408993		1.3		0.2603563096		0.1602588656		1.3		0.3057258771		0.0022572813		0.0010032627

		26.2		0.9661849516		1.31		8.2309727524		1.31		0.2711541545		0.2176167975		1.31		0.3476803792		0.0021054695		0.001526745

		26.4		0.9687151001		1.32		8.2938046055		1.32		0.2594157652		0.28112212		1.32		0.3825260587		0.0017645893		0.0021368995

		26.6		0.9711483779		1.33		8.3566364585		1.33		0.2236394624		0.3407956023		1.33		0.407622683		0.0012906333		0.0027481939

		26.8		0.9734845417		1.34		8.4194683116		1.34		0.1667019515		0.3868308548		1.34		0.4212216172		0.00077052		0.003257725

		27		0.9757233578		1.35		8.4823001647		1.35		0.0953770768		0.4114330096		1.35		0.4223433534		0.0002984048		0.0035705213

		27.2		0.9778646024		1.36		8.5451320178		1.36		0.0191250802		0.4102739857		1.36		0.4107195053		-0.0000491005		0.0036242168

		27.4		0.9799080614		1.37		8.6079638708		1.37		-0.0516129208		0.3832948562		1.37		0.3867542377		-0.0002319064		0.0034062415

		27.6		0.9818535304		1.38		8.6707957239		1.38		-0.1072905062		0.3347120039		1.38		0.35148738		-0.0002545469		0.0029586769

		27.8		0.9837008148		1.39		8.733627577		1.39		-0.1409491509		0.2722351199		1.39		0.3065593314		-0.0001615273		0.0023692881

		28		0.98544973		1.4		8.7964594301		1.4		-0.1494155451		0.2056528549		1.4		0.2542009084		-0.0000216971		0.0017510116

		28.2		0.987100101		1.41		8.8592912831		1.41		-0.1337868342		0.1450583362		1.41		0.1973343302		0.000093504		0.0012153042

		28.4		0.9886517629		1.42		8.9221231362		1.42		-0.0991241203		0.0990503786		1.42		0.1401305417		0.0001314655		0.0008463677

		28.6		0.9901045603		1.43		8.9849549893		1.43		-0.0534241241		0.0732458246		1.43		0.0906591851		0.0000732801		0.0006829398

		28.8		0.9914583482		1.44		9.0477868423		1.44		-0.0060731786		0.0693750334		1.44		0.0696403529		-0.0000621023		0.0007121895

		29		0.992712991		1.45		9.1106186954		1.45		0.0339183325		0.0851189187		1.45		0.091627963		-0.0002254253		0.000876899

		29.2		0.9938683634		1.46		9.1734505485		1.46		0.0595664662		0.1147041905		1.46		0.1292486565		-0.0003539379		0.0010935084

		29.4		0.9949243498		1.47		9.2362824016		1.47		0.0671414811		0.1501306643		1.47		0.1644603139		-0.0003923458		0.00127574

		29.6		0.9958808445		1.48		9.2991142546		1.48		0.0567496978		0.1827875385		1.48		0.1913943898		-0.0003116151		0.0013571897

		29.8		0.996737752		1.49		9.3619461077		1.49		0.0321715691		0.2051460784		1.49		0.2076533731		-0.0001199905		0.0013068081

		30		0.9974949866		1.5		9.4247779608		1.5		-0		0.2122065908		1.5		0.2122065908		0.0001371282		0.001133399

		30.2		0.9981524725		1.51		9.4876098138		1.51		-0.0317454556		0.2024289118		1.51		0.2049029973		0.0003885736		0.0008784868

		30.4		0.998710144		1.52		9.5504416669		1.52		-0.0552562847		0.1779773402		1.52		0.1863576953		0.0005569247		0.000600217

		30.6		0.9991679453		1.53		9.61327352		1.53		-0.0645084819		0.1442431872		1.53		0.1580108898		0.0005806473		0.0003534119

		30.8		0.9995258306		1.54		9.6761053731		1.54		-0.0564721043		0.1087455312		1.54		0.1225344406		0.0004325672		0.000171842

		31		0.9997837642		1.55		9.7389372261		1.55		-0.031730053		0.0796273755		1.55		0.0857164815		0.0001293781		0.0000579462

		31.2		0.9999417202		1.56		9.8017690792		1.56		0.005606011		0.0640384924		1.56		0.0642834027		-0.0002706309		-0.0000170804

		31.4		0.9999996829		1.57		9.8646009323		1.57		0.0486601894		0.0667143498		1.57		0.0825749266		-0.0006811654		-0.0001030296

		31.6		0.9999576465		1.58		9.9274327853		1.58		0.0890862347		0.0890199605		1.58		0.1259401071		-0.001009236		-0.0002534608

		31.8		0.9998156151		1.59		9.9902646384		1.59		0.1186411548		0.1286366377		1.59		0.1749945947		-0.0011784688		-0.0005067713

		32		0.999573603		1.6		10.0530964915		1.6		0.1307386019		0.179946248		1.6		0.2224257948		-0.0011481707		-0.0008713006

		32.2		0.9992316344		1.61		10.1159283446		1.61		0.1216890185		0.2350352898		1.61		0.2646692364		-0.0009231142		-0.001319041

		32.4		0.9987897435		1.62		10.1787601976		1.62		0.0913956164		0.2851250404		1.62		0.2994151755		-0.0005515812		-0.0017900256

		32.6		0.9982479744		1.63		10.2415920507		1.63		0.0433801849		0.3221557994		1.63		0.3250633777		-0.000112425		-0.0022063752

		32.8		0.9976063813		1.64		10.3044239038		1.64		-0.0158598226		0.3402272076		1.64		0.3405966629		0.0003051336		-0.002492181

		33		0.9968650285		1.65		10.3672557568		1.65		-0.0780357901		0.3366270078		1.65		0.3455536528		0.0006233938		-0.0025936916

		33.2		0.9960239899		1.66		10.4300876099		1.66		-0.1345666355		0.3122610514		1.66		0.3400222693		0.0007938652		-0.0024941362

		33.4		0.9950833498		1.67		10.492919463		1.67		-0.1781080749		0.2714120665		1.67		0.3246336338		0.0008062264		-0.0022189854

		33.6		0.9940432022		1.68		10.5557513161		1.68		-0.2038266726		0.2208816657		1.68		0.3005561889		0.0006865788		-0.0018301052

		33.8		0.9929036511		1.69		10.6185831691		1.69		-0.2101845813		0.1686852099		1.69		0.2695037259		0.0004860676		-0.0014103432

		34		0.9916648105		1.7		10.6814150222		1.7		-0.1990960015		0.1225508972		1.7		0.2337903766		0.0002635959		-0.0010427289

		34.2		0.9903268042		1.71		10.7442468753		1.71		-0.1754365034		0.0885078083		1.71		0.1964983431		0.0000678878		-0.000789935

		34.4		0.988889766		1.72		10.8070787283		1.72		-0.1460084939		0.0698269132		1.72		0.1618464646		-0.0000758534		-0.0006795264

		34.6		0.9873538397		1.73		10.8699105814		1.73		-0.1181672276		0.0665087848		1.73		0.1355983485		-0.0001709585		-0.000698878

		34.8		0.9857191788		1.74		10.9327424345		1.74		-0.0983730233		0.0754058323		1.74		0.1239487445		-0.0002447977		-0.000800931

		35		0.9839859469		1.75		10.9955742876		1.75		-0.0909456818		0.0909456818		1.75		0.1286166166		-0.0003364424		-0.000918964

		35.2		0.9821543171		1.76		11.0584061406		1.76		-0.0972551481		0.106308942		1.76		0.1440838471		-0.0004804657		-0.0009861091

		35.4		0.9802244728		1.77		11.1212379937		1.77		-0.1154967818		0.1148303325		1.77		0.1628665462		-0.0006919817		-0.0009541249

		35.6		0.9781966068		1.78		11.1840698468		1.78		-0.1410868593		0.1113525817		1.78		0.1797356373		-0.0009576446		-0.0008062699

		35.8		0.976070922		1.79		11.2469016999		1.79		-0.1675957658		0.0932746		1.79		0.1918032631		-0.0012355635		-0.000560879

		36		0.9738476309		1.8		11.3097335529		1.8		-0.1880351125		0.0610963116		1.8		0.1977118176		-0.0014644603		-0.000264925

		36.2		0.9715269558		1.81		11.372565406		1.81		-0.1962496919		0.0183601555		1.81		0.1971066638		-0.0015796651		0.0000203293

		36.4		0.9691091289		1.82		11.4353972591		1.82		-0.1881476978		-0.0289952265		1.82		0.1903687983		-0.001531491		0.0002373072

		36.6		0.9665943918		1.83		11.4982291121		1.83		-0.1625357842		-0.0737422213		1.83		0.1784819216		-0.0013007509		0.0003485161

		36.8		0.9639829962		1.84		11.5610609652		1.84		-0.1214025081		-0.1087192713		1.84		0.1629676316		-0.0009068877		0.0003467264

		37		0.961275203		1.85		11.6238928183		1.85		-0.0695994885		-0.1281755009		1.85		0.1458528294		-0.0004061906		0.0002561633

		37.2		0.9584712831		1.86		11.6867246714		1.86		-0.0139839296		-0.1288509324		1.86		0.1296075348		0.0001196984		0.0001245662

		37.4		0.9555715169		1.87		11.7495565244		1.87		0.0378126746		-0.1105904101		1.87		0.1168761616		0.0005821062		0.0000085946

		37.6		0.9525761943		1.88		11.8123883775		1.88		0.0787557971		-0.0763790847		1.88		0.1097097997		0.0009057048		-0.0000430719

		37.8		0.9494856149		1.89		11.8752202306		1.89		0.1036610158		-0.0317973177		1.89		0.1084282048		0.0010456073		-0.0000039914

		38		0.9463000877		1.9		11.9380520836		1.9		0.1100956648		0.0159978365		1.9		0.1112519041		0.0009967501		0.0001225434

		38.2		0.9430199313		1.91		12.0008839367		1.91		0.0987641027		0.0595694409		1.91		0.1153380522		0.0007932455		0.0003048834

		38.4		0.9396454737		1.92		12.0637157898		1.92		0.0733105473		0.0925303899		1.92		0.1180521469		0.0004981069		0.0004928042

		38.6		0.9361770523		1.93		12.1265476429		1.93		0.0395836774		0.1106571798		1.93		0.1175239506		0.0001863237		0.0006327829

		38.8		0.932615014		1.94		12.1893794959		1.94		0.0045079264		0.1125823908		1.94		0.1126726059		-0.0000740315		0.0006842872

		39		0.928959715		1.95		12.252211349		1.95		-0.0252213242		0.0999422842		1.95		0.1030755808		-0.0002375944		0.0006323123

		39.2		0.9252115208		1.96		12.3150432021		1.96		-0.0443709391		0.0769600858		1.96		0.0888348751		-0.00029035		0.0004924932

		39.4		0.9213708062		1.97		12.3778750551		1.97		-0.0501004961		0.0495521877		1.97		0.0704661551		-0.0002491883		0.0003072599

		39.6		0.9174379553		1.98		12.4407069082		1.98		-0.042418966		0.0241334996		1.98		0.0488036318		-0.0001530315		0.000134075

		39.8		0.9134133613		1.99		12.5035387613		1.99		-0.0240882603		0.0063528791		1.99		0.024911912		-0.0000485266		0.0000290721

		40		0.9092974268		2		12.5663706144		2		0		0		2		0		0.0000252803		0.0000307335

		40.2		0.9050905633		2.01		12.6292024674		2.01		0.0238485761		0.0062896664		2.01		0.0246640322		0.0000487426		0.0001482559

		40.4		0.9007931915		2.02		12.6920343205		2.02		0.0415789865		0.0236556085		2.02		0.0478372233		0.0000265171		0.0003579414

		40.6		0.8964057412		2.03		12.7548661736		2.03		0.0486196932		0.048087591		2.03		0.0683834116		-0.0000156711		0.0006086997

		40.8		0.891928651		2.04		12.8176980266		2.04		0.0426309023		0.0739420432		2.04		0.0853511545		-0.0000412032		0.0008351965

		41		0.8873623686		2.05		12.8805298797		2.05		0.0239910157		0.0950670508		2.05		0.0980475037		-0.0000164273		0.0009750483

		41.2		0.8827073508		2.06		12.9433617328		2.06		-0.0042453287		0.1060241933		2.06		0.1061091531		0.0000761316		0.000985348

		41.4		0.877964063		2.07		13.0061935859		2.07		-0.0369065205		0.1031731194		2.07		0.1095754708		0.0002293473		0.0008540097

		41.6		0.8731329795		2.08		13.0690254389		2.08		-0.0676712744		0.0854126676		2.08		0.1089712126		0.0004105784		0.0006028785

		41.8		0.8682145834		2.09		13.131857292		2.09		-0.0902581034		0.0544390585		2.09		0.1054046314		0.0005687829		0.0002818472

		42		0.8632093666		2.1		13.1946891451		2.1		-0.0996103634		0.014474233		2.1		0.1006564847		0.0006478104		-0.0000443013

		42.2		0.8581178296		2.11		13.2575209981		2.11		-0.0928527582		-0.0284819576		2.11		0.0971228944		0.0006021795		-0.0003126394

		42.4		0.8529404816		2.12		13.3203528512		2.12		-0.0698400465		-0.0677323958		2.12		0.0972898224		0.0004108565		-0.0004778254

		42.6		0.8476778401		2.13		13.3831847043		2.13		-0.0331970429		-0.0970911112		2.13		0.1026095879		0.0000850441		-0.0005225964

		42.8		0.8423304316		2.14		13.4460165574		2.14		0.0121542566		-0.1119919319		2.14		0.1126495396		-0.0003323851		-0.0004603495

		43		0.8368987908		2.15		13.5088484104		2.15		0.059887932		-0.1102905473		2.15		0.1255012718		-0.0007758618		-0.0003293974

		43.2		0.8313834608		2.16		13.5716802635		2.16		0.1034169514		-0.0926127126		2.16		0.1388242787		-0.0011722178		-0.0001808159

		43.4		0.8257849931		2.17		13.6345121166		2.17		0.137069348		-0.0621881405		2.17		0.1505170122		-0.0014579238		-0.000063539

		43.6		0.8201039476		2.18		13.6973439697		2.18		0.1570774358		-0.0242070239		2.18		0.158931749		-0.0015938859		-0.0000110239

		43.8		0.8143408924		2.19		13.7601758227		2.19		0.162197234		0.0151743751		2.19		0.1629055075		-0.001573899		-0.0000332324

		44		0.8084964038		2.2		13.8230076758		2.2		0.1538469102		0.0499878913		2.2		0.1617642144		-0.0014246046		-0.000116042

		44.2		0.8025710662		2.21		13.8858395289		2.21		0.1357449868		0.0755482055		2.21		0.1553519642		-0.001197132		-0.0002279898

		44.4		0.7965654722		2.22		13.9486713819		2.22		0.113123698		0.0892827007		2.22		0.1441123579		-0.000952854		-0.0003321115

		44.6		0.7904802223		2.23		14.011503235		2.23		0.0916723335		0.0911433581		2.23		0.1292707564		-0.0007472402		-0.0003991722

		44.8		0.7843159251		2.24		14.0743350881		2.24		0.0764147592		0.0835284545		2.24		0.113208737		-0.0006162137		-0.0004182208

		45		0.7780731969		2.25		14.1371669412		2.25		0.0707355303		0.0707355303		2.25		0.1000351462		-0.0005686136		-0.0004012158

		45.2		0.771752662		2.26		14.1999987942		2.26		0.0757385224		0.0580558178		2.26		0.0954295644		-0.0005865745		-0.0003802421

		45.4		0.7653549525		2.27		14.2628306473		2.27		0.090056962		0.0506873118		2.27		0.1033414727		-0.0006333786		-0.0003980313

		45.6		0.7588807082		2.28		14.3256625004		2.28		0.1101467586		0.0526764433		2.28		0.1220947014		-0.0006662516		-0.0004944924

		45.8		0.7523305764		2.29		14.3884943534		2.29		0.1310028038		0.0660909835		2.29		0.1467302038		-0.0006502491		-0.000693175

		46		0.7457052122		2.3		14.4513262065		2.3		0.1471579141		0.0905810979		2.3		0.1728015827		-0.0005691746		-0.0009916753

		46.2		0.7390052781		2.31		14.5141580596		2.31		0.1537714036		0.1234103917		2.31		0.1971693925		-0.0004304253		-0.0013589308

		46.4		0.732231444		2.32		14.5769899127		2.32		0.147598625		0.1599487924		2.32		0.2176441368		-0.000262484		-0.0017404358

		46.6		0.7253843875		2.33		14.6398217657		2.33		0.1276568605		0.1945313953		2.33		0.2326773255		-0.0001059392		-0.0020701849

		46.8		0.7184647931		2.34		14.7026536188		2.34		0.0954618013		0.2215185237		2.34		0.2412123791		-0.0000007881		-0.0022862493

		47		0.7114733528		2.35		14.7654854719		2.35		0.0547910867		0.2363551332		2.35		0.2426227775		0.0000261641		-0.0023458499

		47.2		0.7044107658		2.36		14.8283173249		2.36		0.0110212327		0.2364290765		2.36		0.2366858166		-0.0000299491		-0.0022358901

		47.4		0.6972777383		2.37		14.891149178		2.37		-0.0298353171		0.2215670688		2.37		0.2235667956		-0.0001497742		-0.0019761413

		47.6		0.6900749836		2.38		14.9539810311		2.38		-0.0622104616		0.1940767081		2.38		0.2038036069		-0.0002946429		-0.0016142635

		47.8		0.6828032219		2.39		15.0168128842		2.39		-0.0819746108		0.158329212		2.39		0.1782918287		-0.000417291		-0.0012140515

		48		0.6754631806		2.4		15.0796447372		2.4		-0.0871590679		0.1199641653		2.4		0.1482838632		-0.0004753214		-0.0008400997

		48.2		0.6680555934		2.41		15.1424765903		2.41		-0.078273625		0.0848681552		2.41		0.1154528654		-0.0004435379		-0.0005429777

		48.4		0.6605812013		2.42		15.2053084434		2.42		-0.05816374		0.0581204701		2.42		0.0822253592		-0.0003215791		-0.0003487754

		48.6		0.6530407516		2.43		15.2681402964		2.43		-0.0314388878		0.0431035099		2.43		0.0533508785		-0.0001346101		-0.0002555794

		48.8		0.6454349983		2.44		15.3309721495		2.44		-0.003584171		0.0409426427		2.44		0.0410992247		0.000073197		-0.0002374728

		49		0.6377647021		2.45		15.3938040026		2.45		0.0200741152		0.0503765029		2.45		0.0542287944		0.0002506177		-0.000254562

		49.2		0.63003063		2.46		15.4566358557		2.46		0.0353524555		0.0680764708		2.46		0.0767085522		0.000353438		-0.0002659186

		49.4		0.6222335553		2.47		15.5194677087		2.47		0.0399586953		0.0893490188		2.47		0.0978771909		0.0003566983		-0.0002416266

		49.6		0.6143742578		2.48		15.5822995618		2.48		0.0338667551		0.1090828859		2.48		0.1142192326		0.0002616929		-0.0001705258

		49.8		0.6064535234		2.49		15.6451314149		2.49		0.0192512602		0.1227580951		2.49		0.1242584441		0.0000957703		-0.0000616011

		50		0.5984721441		2.5		15.7079632679		2.5		0		0.1273239545		2.5		0.1273239545		-0.0000950072		0.0000611102

		50.2		0.5904309181		2.51		15.770795121		2.51		-0.0190978638		0.121779943		2.51		0.123268337		-0.0002582961		0.000168306

		50.4		0.5823306495		2.52		15.8336269741		2.52		-0.0333291876		0.1073514115		2.52		0.1124062289		-0.0003495402		0.0002367505

		50.6		0.5741721484		2.53		15.8964588272		2.53		-0.0390110582		0.0872300698		2.53		0.0955559927		-0.0003437904		0.0002585757

		50.8		0.5659562304		2.54		15.9592906802		2.54		-0.0342389924		0.06593233		2.54		0.0742925348		-0.0002420452		0.0002456076

		51		0.5576837174		2.55		16.0221225333		2.55		-0.019286895		0.0484009537		2.55		0.052102175		-0.0000704396		0.0002272707

		51.2		0.5493554364		2.56		16.0849543864		2.56		0.003416163		0.0390234563		2.56		0.0391726985		0.0001273894		0.0002425393

		51.4		0.5409722204		2.57		16.1477862395		2.57		0.0297262636		0.0407554588		2.57		0.050444605		0.00030254		0.0003281975

		51.6		0.5325349076		2.58		16.2106180925		2.58		0.0545566864		0.0545160999		2.58		0.0771261121		0.0004142223		0.0005068081

		51.8		0.5240443417		2.59		16.2734499456		2.59		0.0728337591		0.0789699822		2.59		0.1074291141		0.0004405536		0.000777954

		52		0.5155013718		2.6		16.3362817987		2.6		0.0804545243		0.1107361526		2.6		0.1368774122		0.0003838376		0.0011154492

		52.2		0.5069068522		2.61		16.3991136517		2.61		0.0750648735		0.1449834547		2.61		0.1632633987		0.0002689965		0.0014715659

		52.4		0.4982616424		2.62		16.4619455048		2.62		0.0565117933		0.1762986891		2.62		0.1851345742		0.0001357721		0.0017873603

		52.6		0.4895666068		2.63		16.5247773579		2.63		0.026885818		0.1996631		2.63		0.2014651352		0.0000270529		0.0020064519

		52.8		0.480822615		2.64		16.587609211		2.64		-0.009852314		0.2113532654		2.64		0.2115827754		-0.0000232662		0.0020886183

		53		0.4720305413		2.65		16.650441064		2.65		-0.0485883222		0.2095979483		2.65		0.215156048		0.0000005712		0.0020195779

		53.2		0.4631912649		2.66		16.7132729171		2.66		-0.0839776748		0.1948696787		2.66		0.2121943485		0.0000925755		0.0018143578

		53.4		0.4543056698		2.67		16.7761047702		2.67		-0.1114009307		0.1697596071		2.67		0.2030480032		0.0002278395		0.0015133776

		53.6		0.4453746445		2.68		16.8389366232		2.68		-0.127771944		0.1384631337		2.68		0.1884083573		0.0003708322		0.0011723522

		53.8		0.4363990822		2.69		16.9017684763		2.69		-0.1320490492		0.1059769535		2.69		0.1693164672		0.000486614		0.0008487662

		54		0.4273798802		2.7		16.9646003294		2.7		-0.1253567417		0.077161676		2.7		0.1472013482		0.0005516133		0.000588546

		54.2		0.4183179407		2.71		17.0274321825		2.71		-0.1106997863		0.0558481004		2.71		0.1239897294		0.0005607613		0.0004164231

		54.4		0.4092141697		2.72		17.0902640355		2.72		-0.0923289006		0.0441552539		2.72		0.1023440879		0.0005288727		0.0003323853

		54.6		0.4000694776		2.73		17.1530958886		2.73		-0.0748825288		0.0421465926		2.73		0.0859286238		0.0004858496		0.0003148797

		54.8		0.3908847789		2.74		17.2159277417		2.74		-0.0624704601		0.0478854555		2.74		0.0787119764		0.0004671038		0.0003295504

		55		0.3816609921		2.75		17.2787595947		2.75		-0.0578745248		0.0578745248		2.75		0.0818469378		0.0005020004		0.0003407951

		55.2		0.3723990394		2.76		17.3415914478		2.76		-0.0620177756		0.0677912094		2.76		0.0918795546		0.0006037276		0.0003227309

		55.4		0.3630998472		2.77		17.4044233009		2.77		-0.0738011927		0.0733753388		2.77		0.1040699591		0.0007636208		0.0002664374

		55.6		0.3537643453		2.78		17.467255154		2.78		-0.0903361905		0.0712976962		2.78		0.1150825304		0.0009517192		0.0001815177

		55.8		0.3443934673		2.79		17.530087007		2.79		-0.1075255988		0.0598428437		2.79		0.1230565738		0.0011235656		0.0000917181

		56		0.3349881502		2.8		17.5929188601		2.8		-0.1208797152		0.0392762003		2.8		0.1271004542		0.0012314828		0.000026099

		56.2		0.3255493345		2.81		17.6557507132		2.81		-0.1264099439		0.0118262923		2.81		0.1269619436		0.0012372684		0.000008534

		56.4		0.3160779642		2.82		17.7185825662		2.82		-0.121428656		-0.0187132313		2.82		0.1228621322		0.0011228199		0.0000487778

		56.6		0.3065749864		2.83		17.7814144193		2.83		-0.1051026449		-0.0476848993		2.83		0.1154141048		0.0008957437		0.0001378605

		56.8		0.2970413513		2.84		17.8442462724		2.84		-0.0786551461		-0.0704378378		2.84		0.1055846627		0.0005883722		0.0002492736

		57		0.2874780123		2.85		17.9070781255		2.85		-0.0451786153		-0.083201641		2.85		0.094676398		0.0002504156		0.0003457026

		57.2		0.2778859258		2.86		17.9699099785		2.86		-0.0090944437		-0.0837981589		2.86		0.0842902149		-0.0000627876		0.0003894179

		57.4		0.2682660509		2.87		18.0327418316		2.87		0.0246375266		-0.0720571661		2.87		0.0761527604		-0.000303277		0.0003533371

		57.6		0.2586193497		2.88		18.0955736847		2.88		0.0514100342		-0.0498585692		2.88		0.0716161193		-0.0004412865		0.0002295362

		57.8		0.2489467867		2.89		18.1584055377		2.89		0.0677921522		-0.0207947856		2.89		0.0709097949		-0.0004710749		0.0000326772

		58		0.2392493292		2.9		18.2212373908		2.9		0.0721316424		0.0104813412		2.9		0.0728891786		-0.0004103882		-0.0002027568

		58.2		0.229527947		2.91		18.2840692439		2.91		0.0648245485		0.0390988427		2.91		0.0757029827		-0.0002939456		-0.0004307781

		58.4		0.2197836122		2.92		18.346901097		2.92		0.0482041955		0.0608419002		2.92		0.0776233295		-0.0001629611		-0.0006055468

		58.6		0.2100172993		2.93		18.40973295		2.93		0.0260738899		0.0728902243		2.93		0.0774133873		-0.0000537507		-0.0006931838

		58.8		0.2002299847		2.94		18.4725648031		2.94		0.0029746181		0.0742890606		2.94		0.0743485903		0.0000113807		-0.0006805053

		59		0.1904226474		2.95		18.5353966562		2.95		-0.0166717228		0.0660635438		2.95		0.068134706		0.0000285255		-0.000578282

		59.2		0.1805962679		2.96		18.5982285093		2.96		-0.029380757		0.0509600568		2.96		0.058823093		0.0000108177		-0.0004181419

		59.4		0.170751829		2.97		18.6610603623		2.97		-0.0332316422		0.0328679494		2.97		0.0467401769		-0.0000179919		-0.0002439896

		59.6		0.160890315		2.98		18.7238922154		2.98		-0.0281844137		0.0160350098		2.98		0.0324265742		-0.0000328984		-0.0001003231

		59.8		0.1510127121		2.99		18.7867240685		2.99		-0.016031986		0.0042281704		2.99		0.0165801688		-0.0000169945		-0.0000206603

		60		0.1411200081		3		18.8495559215		3		-0		0		3		0		0.0000320824		-0.0000192204

		60.2		0.1312131922		3.01		18.9123877746		3.01		0.0159254611		0.0042000762		3.01		0.0164700016		0.0001005988		-0.0000880634

		60.4		0.121293255		3.02		18.9752196277		3.02		0.0278111102		0.0158226255		3.02		0.0319970831		0.0001625846		-0.0002003434

		60.6		0.1113611887		3.03		19.0380514808		3.03		0.0325735899		0.0322170989		3.03		0.0458146289		0.0001879847		-0.0003186264

		60.8		0.1014179863		3.04		19.1008833338		3.04		0.0286075792		0.0496190027		3.04		0.0572751168		0.0001526901		-0.0004058303

		61		0.0914646422		3.05		19.1637151869		3.05		0.0161251089		0.0638975259		3.05		0.0659007812		0.0000474275		-0.0004356618

		61.2		0.0815021518		3.06		19.22654704		3.06		-0.0028579664		0.0713757641		3.06		0.0714329593		-0.0001172304		-0.0003996296

		61.4		0.0715315111		3.07		19.289378893		3.07		-0.0248848526		0.0695662401		3.07		0.0738831351		-0.0003113988		-0.0003087391

		61.6		0.0615537174		3.08		19.3522107461		3.08		-0.0457000814		0.057681282		3.08		0.0735909487		-0.0004920553		-0.0001895179

		61.8		0.0515697684		3.09		19.4150425992		3.09		-0.0610483612		0.0368212402		3.09		0.0712931002		-0.000613331		-0.0000756431

		62		0.0415806624		3.1		19.4778744523		3.1		-0.0674779881		0.0098051256		3.1		0.0681866509		-0.0006381985		0.0000023224

		62.2		0.0315873984		3.11		19.5407063053		3.11		-0.0629965659		-0.0193237719		3.11		0.0658936679		-0.0005483857		0.0000260767

		62.4		0.0215909757		3.12		19.6035381584		3.12		-0.0474554162		-0.0460232946		3.12		0.066107187		-0.0003497895		-0.0000050366

		62.6		0.0115923939		3.13		19.6663700115		3.13		-0.0225909589		-0.0660715868		3.13		0.069826972		-0.0000718648		-0.000073929

		62.8		0.0015926529		3.14		19.7292018645		3.14		0.0082834742		-0.0763257116		3.14		0.07677389		0.0002389059		-0.0001509344

		63		-0.0084072474		3.15		19.7920337176		3.15		0.0408758901		-0.0752776752		3.15		0.0856595982		0.0005297543		-0.0002026919

		63.2		-0.0184063069		3.16		19.8548655707		3.16		0.070690068		-0.0633048922		3.16		0.094892545		0.0007537509		-0.0002021289

		63.4		-0.0284035259		3.17		19.9176974238		3.17		0.093829806		-0.0425704306		3.17		0.1030353049		0.0008801391		-0.0001366167

		63.6		-0.0383979045		3.18		19.9805292768		3.18		0.1076820157		-0.0165947522		3.18		0.1089532116		0.0009002449		-0.0000119101

		63.8		-0.0483884434		3.19		20.0433611299		3.19		0.1113517061		0.0104175177		3.19		0.1118379503		0.0008275751		0.0001492937

		64		-0.0583741434		3.2		20.106192983		3.2		0.1057697508		0.0343666753		3.2		0.1112128974		0.0006923263		0.0003137822

		64.2		-0.0683540061		3.21		20.169024836		3.21		0.0934568289		0.052012939		3.21		0.1069557137		0.0005320427		0.0004474036

		64.4		-0.0783270335		3.22		20.2318566891		3.22		0.0779921148		0.0615551539		3.22		0.0993569672		0.0003811561		0.0005250336

		64.6		-0.0882922282		3.23		20.2946885422		3.23		0.0632908061		0.0629256002		3.23		0.0892488504		0.0002623532		0.0005380512

		64.8		-0.0982485937		3.24		20.3575203953		3.24		0.052829957		0.0577480673		3.24		0.0782677688		0.0001820916		0.0004971368

		65		-0.1081951345		3.25		20.4203522483		3.25		0.0489707517		0.0489707517		3.25		0.0692551012		0.000131322		0.0004295317

		65.2		-0.1181308559		3.26		20.4831841014		3.26		0.0525058468		0.0402472847		3.26		0.0661566919		0.0000909351		0.000371471

		65.4		-0.1280547643		3.27		20.5460159545		3.27		0.0625166066		0.0351866048		3.27		0.0717385758		0.0000400876		0.0003578773

		65.6		-0.1379658673		3.28		20.6088478075		3.28		0.0765654298		0.0366165521		3.28		0.0848707071		-0.0000352426		0.0004121917

		65.8		-0.1478631738		3.29		20.6716796606		3.29		0.0911843224		0.0460025386		3.29		0.1021313577		-0.0001361467		0.0005391935

		66		-0.1577456941		3.3		20.7345115137		3.3		0.1025646068		0.0631322804		3.3		0.1204374667		-0.0002490274		0.0007228398

		66.2		-0.16761244		3.31		20.7973433668		3.31		0.1073147862		0.0861262854		3.31		0.1376016002		-0.0003487883		0.0009297557

		66.4		-0.1774624248		3.32		20.8601752198		3.32		0.1031412078		0.1117714453		3.32		0.1520886739		-0.0004060742		0.0011174451

		66.6		-0.1872946635		3.33		20.9230070729		3.33		0.089321467		0.1361135589		3.33		0.1628042548		-0.0003964402		0.0012449832

		66.8		-0.1971081729		3.34		20.985838926		3.34		0.0668804236		0.1551956124		3.34		0.1689931039		-0.0003087191		0.0012832849

		67		-0.2069019717		3.35		21.0486707791		3.35		0.0384355384		0.1658013621		3.35		0.1701980678		-0.000150039		0.0012221825

		67.2		-0.2166750804		3.36		21.1115026321		3.36		0.0077411039		0.1660632799		3.36		0.1662436093		0.0000541285		0.0010724566

		67.4		-0.2264265218		3.37		21.1743344852		3.37		-0.0209821073		0.1558201641		3.37		0.1572265002		0.0002651085		0.0008623795

		67.6		-0.2361553207		3.38		21.2371663383		3.38		-0.0438049996		0.1366575637		3.38		0.1435066818		0.0004400813		0.0006298463

		67.8		-0.2458605043		3.39		21.2999981913		3.39		-0.0577933097		0.1116244297		3.39		0.1256983689		0.0005426598		0.0004123667

		68		-0.255541102		3.4		21.3628300444		3.4		-0.061524048		0.0846805873		3.4		0.1046709623		0.0005521124		0.0002377235

		68.2		-0.2651961459		3.41		21.4256618975		3.41		-0.0553194828		0.0599801331		3.41		0.0815957201		0.0004687019		0.0001178486

		68.4		-0.2748246703		3.42		21.4884937506		3.42		-0.0411567985		0.0411261806		3.42		0.0581828565		0.0003136563		0.0000474914

		68.6		-0.2844257125		3.43		21.5513256036		3.43		-0.0222730313		0.030536889		3.43		0.0377966865		0.000123756		0.0000078523

		68.8		-0.2939983124		3.44		21.6141574567		3.44		-0.0025422608		0.0290407117		3.44		0.0291517756		-0.0000580083		-0.0000260677

		69		-0.3035415127		3.45		21.6769893098		3.45		0.0142555311		0.035774618		3.45		0.0385103033		-0.0001931892		-0.0000766936

		69.2		-0.3130543591		3.46		21.7398211628		3.46		0.0251349828		0.0484011902		3.46		0.0545384504		-0.0002571662		-0.000156335

		69.4		-0.3225359003		3.47		21.8026530159		3.47		0.0284432211		0.063600022		3.47		0.0696705076		-0.0002445193		-0.0002631222

		69.6		-0.3319851882		3.48		21.865484869		3.48		0.0241349289		0.077737229		3.48		0.081397614		-0.0001691573		-0.0003816084

		69.8		-0.3414012779		3.49		21.9283167221		3.49		0.0137351398		0.0875838558		3.49		0.0886543054		-0.0000593305		-0.000487829

		70		-0.3507832277		3.5		21.9911485751		3.5		0		0.0909456818		3.5		0.0909456818		0.0000509361		-0.0005572802

		70.2		-0.3601300995		3.51		22.0539804282		3.51		-0.0136568769		0.0870848025		3.51		0.0881491527		0.0001315056		-0.0005734012

		70.4		-0.3694409585		3.52		22.1168122813		3.52		-0.0238606684		0.0768538514		3.52		0.0804726412		0.0001641559		-0.0005339695

		70.6		-0.3787148738		3.53		22.1796441343		3.53		-0.0279597669		0.0625190018		3.53		0.0684863064		0.0001467775		-0.0004534025

		70.8		-0.3879509179		3.54		22.2424759874		3.54		-0.0245669606		0.047307378		3.54		0.0533059431		0.0000926847		-0.0003601268

		71		-0.3971481673		3.55		22.3053078405		3.55		-0.0138539668		0.0347668823		3.55		0.037425506		0.0000254057		-0.0002896002

		71.2		-0.4063057021		3.56		22.3681396936		3.56		0.0024565666		0.0280618113		3.56		0.0281691315		-0.0000293929		-0.0002748454

		71.4		-0.4154226068		3.57		22.4309715466		3.57		0.0213995791		0.0293393639		3.57		0.0363144635		-0.0000523927		-0.0003371022

		71.6		-0.4244979695		3.58		22.4938033997		3.58		0.0393173885		0.039288139		3.58		0.0555825054		-0.0000369901		-0.0004792284

		71.8		-0.4335308828		3.59		22.5566352528		3.59		0.0525458039		0.0569727727		3.59		0.0775045698		0.0000083402		-0.0006837529

		72		-0.4425204433		3.6		22.6194671058		3.6		0.0581060453		0.0799761102		3.6		0.0988559088		0.0000623752		-0.0009162226

		72.2		-0.4514657522		3.61		22.6822989589		3.61		0.0542712797		0.1048218329		3.61		0.1180380805		0.0000974758		-0.0011330321

		72.4		-0.4603659148		3.62		22.745130812		3.62		0.0409008007		0.1275973938		3.62		0.1339924266		0.0000880563		-0.0012916987

		72.6		-0.4692200413		3.63		22.8079626651		3.63		0.0194792566		0.1446594912		3.63		0.145965098		0.0000186933		-0.0013608788

		72.8		-0.4780272461		3.64		22.8707945181		3.64		-0.0071456344		0.1532891815		3.64		0.1534556393		-0.0001105303		-0.0013275043

		73		-0.4867866487		3.65		22.9336263712		3.65		-0.0352764531		0.1521738529		3.65		0.1562091855		-0.0002830593		-0.0011992199

		73.2		-0.4954973729		3.66		22.9964582243		3.66		-0.0610329549		0.1416265971		3.66		0.1542177506		-0.0004696397		-0.0010016005

		73.4		-0.5041585479		3.67		23.0592900773		3.67		-0.0810464537		0.1235035834		3.67		0.1477215718		-0.0006358221		-0.0007710406

		73.6		-0.5127693074		3.68		23.1221219304		3.68		-0.0930513071		0.1008372822		3.68		0.1372104341		-0.0007511116		-0.0005453641

		73.8		-0.5213287904		3.69		23.1849537835		3.69		-0.096263399		0.0772569119		3.69		0.1234312457		-0.0007971878		-0.0003547582

		74		-0.5298361409		3.7		23.2477856366		3.7		-0.0914765412		0.056307169		3.7		0.1074172001		-0.0007728645		-0.0002154608

		74.2		-0.5382905083		3.71		23.3106174896		3.71		-0.0808615689		0.0407947041		3.71		0.0905693172		-0.0006943682		-0.0001277806

		74.4		-0.5466910471		3.72		23.3734493427		3.72		-0.0675093037		0.032285562		3.72		0.0748322363		-0.0005908247		-0.0000787533

		74.6		-0.5550369172		3.73		23.4362811958		3.73		-0.0548067838		0.030847238		3.73		0.0628914592		-0.0004961938		-0.0000484069

		74.8		-0.5633272841		3.74		23.4991130489		3.74		-0.0457671285		0.0350818578		3.74		0.0576659934		-0.0004398868		-0.0000176044

		75		-0.5715613187		3.75		23.5619449019		3.75		-0.0424413182		0.0424413182		3.75		0.0600210877		-0.0004386758		0.0000249708

		75.2		-0.5797381977		3.76		23.624776755		3.76		-0.0455236863		0.0497616324		3.76		0.0674435029		-0.0004921338		0.000078805

		75.4		-0.5878571034		3.77		23.6876086081		3.77		-0.0542252795		0.0539123842		3.77		0.0764651954		-0.0005828597		0.0001317124

		75.6		-0.5959172238		3.78		23.7504404611		3.78		-0.0664377274		0.0524358718		3.78		0.0846374165		-0.0006813987		0.0001640844

		75.8		-0.603917753		3.79		23.8132723142		3.79		-0.0791547284		0.0440531752		3.79		0.0905878208		-0.0007544635		0.0001559169

		76		-0.6118578909		3.8		23.8761041673		3.8		-0.0890692638		0.0289403581		3.8		0.0936529662		-0.0007741558		0.00009445

		76.2		-0.6197368436		3.81		23.9389360204		3.81		-0.0932314809		0.0087222786		3.81		0.0936385988		-0.0007256266		-0.0000199543

		76.4		-0.6275538231		3.82		24.0017678734		3.82		-0.0896410498		-0.0138144796		3.82		0.0906992704		-0.0006110787		-0.0001715925

		76.6		-0.6353080477		3.83		24.0645997265		3.83		-0.0776607011		-0.0352345339		3.83		0.0852798738		-0.0004490588		-0.0003317059

		76.8		-0.6429987421		3.84		24.1274315796		3.84		-0.0581720351		-0.0520946508		3.84		0.0780886568		-0.0002693115		-0.0004648214

		77		-0.6506251371		3.85		24.1902634326		3.85		-0.0334439101		-0.0615908251		3.85		0.0700851258		-0.0001047076		-0.0005375019

		77.2		-0.6581864701		3.86		24.2530952857		3.86		-0.0067383702		-0.0620887913		3.86		0.0624533717		0.0000174536		-0.0005271298

		77.4		-0.665681985		3.87		24.3159271388		3.87		0.0182712407		-0.0534377434		3.87		0.0564750445		0.000082329		-0.0004282784

		77.6		-0.6731109323		3.88		24.3787589919		3.88		0.0381600254		-0.0370084225		3.88		0.0531583566		0.0000907246		-0.0002548532

		77.8		-0.6804725691		3.89		24.4415908449		3.89		0.0503648637		-0.0154490824		3.89		0.0526810558		0.0000577953		-0.0000373248

		78		-0.6877661592		3.9		24.504422698		3.9		0.0536363495		0.0077938178		3.9		0.0541996456		0.0000077474		0.0001842845

		78.2		-0.6949909732		3.91		24.5672545511		3.91		0.0482453801		0.0290991387		3.91		0.056341606		-0.0000338302		0.0003698359

		78.4		-0.7021462887		3.92		24.6300864041		3.92		0.0359072068		0.0453210073		3.92		0.0578214597		-0.0000477252		0.0004884509

		78.6		-0.7092313902		3.93		24.6929182572		3.93		0.0194393123		0.0543430934		3.93		0.0577153243		-0.0000266806		0.0005253759

		78.8		-0.7162455691		3.94		24.7557501103		3.94		0.0022196389		0.0554339691		3.94		0.0554783897		0.0000228133		0.000484583

		79		-0.7231881241		3.95		24.8185819634		3.95		-0.0124510335		0.049338596		3.95		0.0508854133		0.000082996		0.0003865362

		79.2		-0.7300583608		3.96		24.8814138164		3.96		-0.0219613739		0.0380913556		3.96		0.0439687766		0.0001308114		0.0002618699

		79.4		-0.7368555924		3.97		24.9442456695		3.97		-0.0248609515		0.0245888689		3.97		0.0349668326		0.0001455798		0.0001428215

		79.6		-0.7435791389		3.98		25.0070775226		3.98		-0.0211029027		0.0120061129		3.98		0.0242791937		0.0001160659		0.0000548246

		79.8		-0.7502283282		3.99		25.0699093756		3.99		-0.0120139444		0.0031684785		3.99		0.012424738		0.0000448085		0.0000105512

		80		-0.7568024953		4		25.1327412287		4		-0		0		4		0		-0.0000516368		0.0000079388

		80.2		-0.7633009828		4.01		25.1955730818		4.01		0.0119540244		0.0031526757		4.01		0.0123627693		-0.0001467107		0.0000325665

		80.4		-0.7697231408		4.02		25.2584049349		4.02		0.0208929236		0.011886649		4.02		0.0240376097		-0.0002110499		0.0000634984

		80.6		-0.7760683271		4.03		25.3212367879		4.03		0.0244908132		0.0242227816		4.03		0.0344462346		-0.0002208668		0.0000807388

		80.8		-0.7823359072		4.04		25.384068641		4.04		0.0215264952		0.0373370713		4.04		0.0430981077		-0.00016513		0.0000720235

		81		-0.7885252544		4.05		25.4469004941		4.05		0.0121436005		0.048120359		4.05		0.0496289833		-0.0000494725		0.0000369148

		81.2		-0.7946357498		4.06		25.5097323471		4.06		-0.0021540338		0.0537955266		4.06		0.0538386343		0.0001043533		-0.000013004

		81.4		-0.8006667822		4.07		25.5725642002		4.07		-0.0187706382		0.0524737978		4.07		0.0557300306		0.0002634194		-0.0000578692

		81.6		-0.8066177486		4.08		25.6353960533		4.08		-0.0344990811		0.0435437129		4.08		0.0555539515		0.0003916866		-0.0000760713

		81.8		-0.8124880539		4.09		25.6982279064		4.09		-0.0461221115		0.027818492		4.09		0.0538620244		0.0004590395		-0.0000516113

		82		-0.8182771111		4.1		25.7610597594		4.1		-0.0510199422		0.0074136316		4.1		0.0515557605		0.0004488683		0.0000199545

		82.2		-0.8239843412		4.11		25.8238916125		4.11		-0.0476689343		-0.0146221242		4.11		0.0498611453		0.0003621743		0.0001288165

		82.4		-0.8296091736		4.12		25.8867234656		4.12		-0.0359371113		-0.034852592		4.12		0.0500617533		0.0002171319		0.0002523702

		82.6		-0.8351510458		4.13		25.9495553187		4.13		-0.0171209931		-0.0500736239		4.13		0.0529197148		0.0000442886		0.0003605344

		82.8		-0.8406094036		4.14		26.0123871717		4.14		0.006282635		-0.0578895494		4.14		0.0582294722		-0.0001212361		0.0004235102

		83		-0.8459837011		4.15		26.0752190248		4.15		0.031026278		-0.0571384763		4.15		0.0650187312		-0.000248398		0.0004198356

		83.2		-0.8512734009		4.16		26.1380508779		4.16		0.0536972632		-0.04808737		4.16		0.072081837		-0.0003173869		0.0003424681

		83.4		-0.8564779742		4.17		26.2008827309		4.17		0.0713286535		-0.0323616942		4.17		0.0783265987		-0.0003234324		0.0002011564

		83.6		-0.8615969003		4.18		26.263714584		4.18		0.081920768		-0.0126247158		4.18		0.08288785		-0.0002763731		0.0000203829

		83.8		-0.8666296675		4.19		26.3265464371		4.19		0.0847761199		0.0079312366		4.19		0.0851463154		-0.0001963161		-0.000166613

		84		-0.8715757724		4.2		26.3893782902		4.2		0.0805864768		0.0261841336		4.2		0.0847336361		-0.0001068025		-0.0003261266

		84.2		-0.8764347205		4.21		26.4522101432		4.21		0.0712580572		0.0396583216		4.21		0.081550556		-0.0000275615		-0.0004323495

		84.4		-0.8812060258		4.22		26.5150419963		4.22		0.059510571		0.0469686245		4.22		0.0758126622		0.0000310099		-0.0004735376

		84.6		-0.8858892113		4.23		26.5778738494		4.23		0.0483284406		0.0480495718		4.23		0.0681498314		0.0000700646		-0.0004543386

		84.8		-0.8904838086		4.24		26.6407057024		4.24		0.0403700615		0.0441282401		4.24		0.0598083893		0.0001006544		-0.0003937025

		85		-0.8949893582		4.25		26.7035375555		4.25		0.0374482219		0.0374482219		4.25		0.0529597833		0.0001388057		-0.000319022

		85.2		-0.8994054097		4.26		26.7663694086		4.26		0.0401805307		0.0307995653		4.26		0.050626952		0.0001988933		-0.0002581858

		85.4		-0.9037315214		4.27		26.8292012617		4.27		0.0478757152		0.0269461821		4.27		0.0549379726		0.0002873975		-0.0002317783

		85.6		-0.9079672606		4.28		26.8920331147		4.28		0.0586763107		0.0280612829		4.28		0.0650411026		0.0003990219		-0.0002475851

		85.8		-0.9121122039		4.29		26.9548649678		4.29		0.0699292356		0.0352793362		4.29		0.0783245144		0.000516467		-0.0002988802

		86		-0.9161659367		4.3		27.0176968209		4.3		0.0787123727		0.0484503547		4.3		0.0924287536		0.0006140809		-0.0003668856

		86.2		-0.9201280538		4.31		27.0805286739		4.31		0.0824157639		0.0661433886		4.31		0.1056754749		0.000664461		-0.0004266112

		86.4		-0.9239981587		4.32		27.143360527		4.32		0.0792659283		0.0858984255		4.32		0.1168829624		0.0006461883		-0.0004543416

		86.6		-0.9277758646		4.33		27.2061923801		4.33		0.0686929527		0.1046785568		4.33		0.1252051197		0.0005504981		-0.0004345975

		86.8		-0.9314607938		4.34		27.2690242332		4.34		0.0514701878		0.1194362547		4.34		0.1300546007		0.0003849333		-0.0003645855

		87		-0.9350525776		4.35		27.3318560862		4.35		0.0295997825		0.1276861064		4.35		0.1310720752		0.0001728389		-0.0002548971

		87.2		-0.9385508569		4.36		27.3946879393		4.36		0.0059656213		0.1279753717		4.36		0.1281143411		-0.0000513118		-0.0001263135

		87.4		-0.9419552819		4.37		27.4575197924		4.37		-0.0161807097		0.120163376		4.37		0.121247896		-0.0002496072		-0.0000036945

		87.6		-0.9452655122		4.38		27.5203516454		4.38		-0.0338038581		0.1054572067		4.38		0.1107425992		-0.0003894163		0.0000912384

		87.8		-0.9484812167		4.39		27.5831834985		4.39		-0.0446285467		0.0861974525		4.39		0.0970654831		-0.000450849		0.0001461104

		88		-0.9516020739		4.4		27.6460153516		4.4		-0.0475413098		0.0654349993		4.4		0.0808821072		-0.0004310121		0.0001612864

		88.2		-0.9546277717		4.41		27.7088472047		4.41		-0.0427753824		0.0463791959		4.41		0.0630932893		-0.0003439827		0.00014947

		88.4		-0.9575580074		4.42		27.7716790577		4.42		-0.0318453056		0.0318216148		4.42		0.0450193143		-0.0002165873		0.000131634

		88.6		-0.9603924882		4.43		27.8345109108		4.43		-0.017245259		0.023643686		4.43		0.0292647031		-0.0000811976		0.0001304775

		88.8		-0.9631309306		4.44		27.8973427639		4.44		-0.0019696796		0.0225000108		4.44		0.0225860604		0.0000324634		0.0001633231

		89		-0.9657730606		4.45		27.9601746169		4.45		0.0110520409		0.027735378		4.45		0.0298563025		0.0001042979		0.0002365374

		89.2		-0.9683186142		4.46		28.02300647		4.46		0.0194993365		0.0375489054		4.46		0.0423100983		0.0001277792		0.0003431274

		89.4		-0.9707673367		4.47		28.0858383231		4.47		0.0220800844		0.0493718292		4.47		0.0540842643		0.0001099517		0.0004642518

		89.6		-0.9731189832		4.48		28.1486701762		4.48		0.018747668		0.060385169		4.48		0.0632285038		0.0000676948		0.0005742673

		89.8		-0.9753733187		4.49		28.2115020292		4.49		0.0106760886		0.0680774291		4.49		0.0689094712		0.0000215073		0.0006479038

		90		-0.9775301177		4.5		28.2743338823		4.5		0		0.0707355303		4.5		0.0707355303		-0.0000112668		0.0006675418

		90.2		-0.9795891644		4.51		28.3371657354		4.51		-0.0106287446		0.0677755337		4.51		0.068603886		-0.0000217522		0.0006285164

		90.4		-0.9815502531		4.52		28.3999975885		4.52		-0.0185817595		0.059850787		4.52		0.0626689595		-0.0000118543		0.0005409123

		90.6		-0.9834131875		4.53		28.4628294415		4.53		-0.021787633		0.0487178977		4.53		0.0533679164		0.0000070454		0.0004272934

		90.8		-0.9851777815		4.54		28.5256612946		4.54		-0.0191557358		0.0368872507		4.54		0.0415645459		0.0000185414		0.0003169498

		91		-0.9868438585		4.55		28.5884931477		4.55		-0.0108091389		0.0271258092		4.55		0.0292001201		0.000007394		0.0002382227

		91.2		-0.9884112519		4.56		28.6513250007		4.56		0.0019178459		0.0219079053		4.56		0.0219916904		-0.0000344769		0.000211007

		91.4		-0.9898798051		4.57		28.7141568538		4.57		0.0167169579		0.0229193718		4.57		0.0283681914		-0.000104074		0.0002414865

		91.6		-0.9912493711		4.58		28.7769887069		4.58		0.0307328059		0.0307099427		4.58		0.0434465872		-0.0001867624		0.000320534

		91.8		-0.9925198129		4.59		28.83982056		4.59		0.0410979164		0.0445604039		4.59		0.0606190426		-0.0002593642		0.0004261906

		92		-0.9936910036		4.6		28.902652413		4.6		0.0454742963		0.0625899993		4.6		0.0773654938		-0.000296129		0.0005295134

		92.2		-0.9947628261		4.61		28.9654842661		4.61		0.0424987679		0.0820839082		4.61		0.0924332908		-0.000275937		0.0006021608

		92.4		-0.9957351731		4.62		29.0283161192		4.62		0.0320478135		0.0999789103		4.62		0.1049897369		-0.000188694		0.0006236275

		92.6		-0.9966079474		4.63		29.0911479722		4.63		0.0152720738		0.1134155406		4.63		0.1144391589		-0.0000390611		0.0005861767

		92.8		-0.9973810617		4.64		29.1539798253		4.64		-0.005605627		0.1202527199		4.64		0.1203833033		0.0001536209		0.0004961879

		93		-0.9980544388		4.65		29.2168116784		4.65		-0.0276901191		0.1194482931		4.65		0.1226158123		0.0003593057		0.0003716678

		93.2		-0.9986280112		4.66		29.2796435315		4.66		-0.0479357543		0.1112346235		4.66		0.1211238127		0.0005441208		0.000236745

		93.4		-0.9991017217		4.67		29.3424753845		4.67		-0.0636917527		0.0970574199		4.67		0.1160895436		0.0006783465		0.0001148001

		93.6		-0.9994755228		4.68		29.4053072376		4.68		-0.0731685492		0.0792908543		4.68		0.1078919653		0.0007433745		0.0000222261

		93.8		-0.9997493772		4.69		29.4681390907		4.69		-0.075738154		0.0607842228		4.69		0.0971132829		0.0007357992		-0.0000354157

		94		-0.9999232576		4.7		29.5309709437		4.7		-0.0720134473		0.0443269203		4.7		0.0845624767		0.0006675832		-0.0000638111

		94.2		-0.9999971464		4.71		29.5938027968		4.71		-0.0636935076		0.0321334081		4.71		0.0713401628		0.000562314		-0.0000768656

		94.4		-0.9999710363		4.72		29.6566346499		4.72		-0.0532064851		0.0254454006		4.72		0.058977949		0.0004486315		-0.0000912324

		94.6		-0.99984493		4.73		29.719466503		4.73		-0.0432197259		0.0243256232		4.73		0.0495951676		0.000352661		-0.0001201027

		94.8		-0.99961884		4.74		29.782298356		4.74		-0.0361116162		0.027680622		4.74		0.045500172		0.0002915242		-0.0001681756

		95		-0.999292789		4.75		29.8451302091		4.75		-0.0335063038		0.0335063038		4.75		0.0473850693		0.0002696556		-0.0002293689

		95.2		-0.9988668095		4.76		29.9079620622		4.76		-0.0359598867		0.039307508		4.76		0.0532746998		0.0002788345		-0.0002880235

		95.4		-0.9983409442		4.77		29.9707939152		4.77		-0.0428572964		0.0426099976		4.77		0.0604347561		0.0003017802		-0.0003233161

		95.6		-0.9977152456		4.78		30.0336257683		4.78		-0.0525386213		0.0414660242		4.78		0.066930844		0.0003181616		-0.0003156399

		95.8		-0.9969897763		4.79		30.0964576214		4.79		-0.0626297329		0.0348562702		4.79		0.0716759584		0.0003112113		-0.0002531039

		96		-0.9961646088		4.8		30.1592894745		4.8		-0.0705131672		0.0229111169		4.8		0.0741419316		0.0002730066		-0.0001362282

		96.2		-0.9952398258		4.81		30.2221213275		4.81		-0.0738486367		0.0069089151		4.81		0.0741711146		0.0002068997		0.0000206139

		96.4		-0.9942155195		4.82		30.2849531806		4.82		-0.0710433216		-0.010948405		4.82		0.0718819944		0.0001264353		0.0001915546

		96.6		-0.9930917926		4.83		30.3477850337		4.83		-0.061581881		-0.0279395994		4.83		0.0676235852		0.0000511245		0.0003448751

		96.8		-0.9918687573		4.84		30.4106168867		4.84		-0.0461530196		-0.0413312932		4.84		0.0619546368		0.0000003627		0.0004504857

		97		-0.990546536		4.85		30.4734487398		4.85		-0.0265482585		-0.0488916859		4.85		0.0556345844		-0.000012687		0.0004872598

		97.2		-0.9891252608		4.86		30.5362805929		4.86		-0.0053518743		-0.0493133198		4.86		0.0496028837		0.0000145843		0.000448258

		97.4		-0.9876050739		4.87		30.599112446		4.87		0.0145194459		-0.0424649008		4.87		0.0448785261		0.0000730047		0.0003424361

		97.6		-0.9859861274		4.88		30.661944299		4.88		0.0303403481		-0.0294247293		4.88		0.0422652507		0.0001438913		0.0001923874

		97.8		-0.984268583		4.89		30.7247761521		4.89		0.0400653006		-0.0122897608		4.89		0.0419078338		0.0002041957		0.0000287376

		98		-0.9824526126		4.9		30.7876080052		4.9		0.0426901557		0.0062032427		4.9		0.0431384934		0.0002330617		-0.0001172897

		98.2		-0.9805383978		4.91		30.8504398583		4.91		0.0384194371		0.0231726338		4.91		0.0448667372		0.0002179127		-0.0002211516

		98.4		-0.9785261299		4.92		30.9132717113		4.92		0.0286089941		0.0361094204		4.92		0.0460691305		0.0001582986		-0.0002702025

		98.6		-0.9764160103		4.93		30.9761035644		4.93		0.0154962469		0.0433201536		4.93		0.046008362		0.0000663646		-0.0002655548

		98.8		-0.9742082499		4.94		31.0389354175		4.94		0.0017703193		0.0442125178		4.94		0.0442479464		-0.0000362439		-0.0002202381

		99		-0.9719030694		4.95		31.1017672705		4.95		-0.0099356732		0.0393712029		4.95		0.0406055318		-0.0001242087		-0.0001543477

		99.2		-0.9695006995		4.96		31.1645991236		4.96		-0.0175336775		0.0304116468		4.96		0.0351041039		-0.0001754873		-0.0000886832

		99.4		-0.9670013802		4.97		31.2274309767		4.97		-0.0198587479		0.0196414104		4.97		0.0279312526		-0.0001774402		-0.0000387529

		99.6		-0.9644053617		4.98		31.2902628298		4.98		-0.016865372		0.0095952468		4.98		0.0194038536		-0.0001304173		-0.0000108527

		99.8		-0.9617129034		4.99		31.3530946828		4.99		-0.0096063403		0.0025335129		4.99		0.0099348106		-0.0000477892		-0.0000012713

		100		-0.9589242747		5		31.4159265359		5		-0		0		5		0
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Sheet1

				Motel																9		-13.343583611

		0		0		0		0		0		5		0		0		5		0.0452366989		0.0033870226		0		2.1193581955		0

		0.2		0.0099998333		0.01		0.0628318531		0.01		4.7935638022		1.2642229371		0.01		4.95747048		0.029176952		0.014196161		0		2.1193581955		15

		0.4		0.0199986667		0.02		0.1256637061		0.02		4.1994776364		2.3892164575		0.02		4.8315595514		0.0068785636		0.0269504824		0.2		7.4370986376		15

		0.6		0.0299955002		0.03		0.1884955592		0.03		3.2899325762		3.2539269899		0.03		4.6272775162		-0.0089910492		0.0306695415		0.4		10.6928070968		15

		0.8		0.0399893342		0.04		0.2513274123		0.04		2.174176016		3.7710442019		0.04		4.3529088804		-0.0116068062		0.020550551		0.5		11.2993131252		15

		1		0.0499791693		0.05		0.3141592654		0.05		0.9836316431		3.8977490824		0.05		4.0199476513		-0.003971561		0.0014959937		0.6		11.1580872675		15

		1.2		0.0599640065		0.06		0.3769911184		0.06		-0.1457562871		3.6401639684		0.06		3.6430809231		0.0044413855		-0.0156466907		0.8		8.6620603523		15

		1.4		0.0699428473		0.07		0.4398229715		0.07		-1.0913785344		3.0509765294		0.07		3.2403032093		0.0053839433		-0.0220273015		1		3.6415162338		15

		1.6		0.079914694		0.08		0.5026548246		0.08		-1.7594531352		2.220729357		0.08		2.8332515264		-0.0022094906		-0.0167840688		1		3.6415162338		-15

		1.8		0.0898785492		0.09		0.5654866776		0.09		-2.0959937353		1.2641959132		0.09		2.4477297738		-0.0123195138		-0.0067704109		1.2		-2.9546024966		-15

		2		0.0998334166		0.1		0.6283185307		0.1		-2.0918176308		0.3039588939		0.1		2.1137861788		-0.0173494309		-0.0007217893		1.4		-9.8781539552		-15

		2.2		0.1097783008		0.11		0.6911503838		0.11		-1.7810847255		-0.5463357314		0.11		1.8629937013		-0.0142939656		-0.0027108223		1.6		-15.8541055054		-15

		2.4		0.1197122073		0.12		0.7539822369		0.12		-1.2338408213		-1.19660566		0.12		1.7187868622		-0.0067162939		-0.0098524915		1.8		-19.8420403562		-15

		2.6		0.1296341426		0.13		0.8168140899		0.13		-0.5439207805		-1.5908005141		0.13		1.6812186328		-0.0013685073		-0.015512639		2		-21.2248349491		-15

		2.8		0.1395431146		0.14		0.879645943		0.14		0.1857864933		-1.7118766739		0.14		1.7219286767		-0.0025810839		-0.0149370898		2.2		-19.8869720649		-15

		3		0.1494381325		0.15		0.9424777961		0.15		0.8583936913		-1.5808311783		0.15		1.7988515624		-0.0090131946		-0.0086958748		2.4		-16.1772851846		-15

		3.2		0.1593182066		0.16		1.0053096491		0.16		1.3961288435		-1.2502716201		0.16		1.8741277629		-0.0150837329		-0.0015575495		2.6		-10.7809061939		-15

		3.4		0.1691823491		0.17		1.0681415022		0.17		1.7496499121		-0.7938133229		0.17		1.9213053913		-0.015527179		0.0017471858		2.8		-4.5443166651		-15

		3.6		0.1790295734		0.18		1.1309733553		0.18		1.9023822781		-0.2931739564		0.18		1.9248400714		-0.0092585591		0.0001564085		3		1.6985391737		-15

		3.8		0.188858895		0.19		1.1938052084		0.19		1.869536539		0.174904639		0.19		1.8777003231		0.0002900979		-0.0034618205		3		1.6985391737		15

		4		0.1986693308		0.2		1.2566370614		0.2		1.6923160124		0.5498668047		0.2		1.7794063585		0.0081183724		-0.0051487074		3.2		7.2611212954		15

		4.2		0.2084598998		0.21		1.3194689145		0.21		1.4285543846		0.7950549241		0.21		1.6348944804		0.011166199		-0.0030985263		3.4		11.6808659493		15

		4.4		0.2182296231		0.22		1.3823007676		0.22		1.1415209527		0.9009436157		0.22		1.4542247021		0.0096837543		0.0013167028		3.6		14.7381083439		15

		4.6		0.2279775235		0.23		1.4451326207		0.23		0.8888230596		0.8836942979		0.23		1.25336429		0.0059319259		0.0051724793		3.8		16.4324355585		15

		4.8		0.2377026264		0.24		1.5079644737		0.24		0.7132044192		0.7795989083		0.24		1.0566148785		0.0019107702		0.0064742845		4		16.9367902944		15

		5		0.2474039593		0.25		1.5707963268		0.25		0.6366197724		0.6366197724		0.25		0.9003163162		-0.0017637879		0.005313503		4.2		16.5459884115		15

		5.2		0.2570805519		0.26		1.6336281799		0.26		0.6583425408		0.5046390315		0.26		0.8295031363		-0.0051892168		0.003037631		4.4		15.6274678831		15

		5.4		0.2667314367		0.27		1.6964600329		0.27		0.7571455693		0.4261488803		0.27		0.8688338629		-0.0078746136		0.0006384267		4.6		14.5733422289		15

		5.6		0.2763556486		0.28		1.759291886		0.28		0.8969093199		0.4289367526		0.28		0.9941997113		-0.0084345504		-0.001932129		4.8		13.7487321942		15

		5.8		0.2859522251		0.29		1.8221237391		0.29		1.0344704164		0.5218908694		0.29		1.1586626438		-0.0057285471		-0.004965659		5		13.4338136305		15

		6		0.2955202067		0.3		1.8849555922		0.3		1.128210675		0.6944550842		0.3		1.3248121342		-0.0003183811		-0.0077559069		5.2		13.7646155967		15

		6.2		0.3050586364		0.31		1.9477874452		0.31		1.1458449755		0.919606467		0.31		1.4692299895		0.0053251106		-0.0084226792		5.4		14.6862387726		15

		6.4		0.3145665606		0.32		2.0106192983		0.32		1.0700900314		1.1596287448		0.32		1.577919992		0.0083271587		-0.0052559526		5.6		15.9368915912		15

		6.6		0.3240430284		0.33		2.0734511514		0.33		0.9013348032		1.3735095487		0.33		1.6428429346		0.0074811726		0.0015193057		5.8		17.0783414091		15

		6.8		0.3334870921		0.34		2.1362830044		0.34		0.6570018087		1.5245686629		0.34		1.6601087268		0.0041355052		0.0092255272		6		17.5774552716		15

		7		0.3428978075		0.35		2.1991148575		0.35		0.3678830106		1.5869558941		0.35		1.6290386488		0.0011038642		0.0141536991		6.2		16.9273981358		15

		7.2		0.3522742333		0.36		2.2619467106		0.36		0.072250303		1.5499239459		0.36		1.55160702		0.0004830164		0.0139527177		6.4		14.7813308601		15

		7.4		0.361615432		0.37		2.3247785637		0.37		-0.1911073013		1.4192269001		0.37		1.4320359613		0.0021675274		0.0091463277		6.6		11.0622811303		15

		7.6		0.3709204694		0.38		2.3876104167		0.38		-0.3896339436		1.2155330668		0.38		1.2764541693		0.0042140239		0.0026233176		6.8		6.014652563		15

		7.8		0.3801884151		0.39		2.4504422698		0.39		-0.5023572303		0.9702738888		0.39		1.092608899		0.0046222247		-0.002420015		7		0.1763811354		15

		8		0.3894183423		0.4		2.5132741229		0.4		-0.5229544077		0.719784992		0.4		0.8897031793		0.0029622585		-0.0044345326		7		0.1763811354		-15

		8.2		0.398609328		0.41		2.5761059759		0.41		-0.4600961858		0.4988591561		0.41		0.6786375747		0.0005328743		-0.003963902		7.2		-5.7273634421		-15

		8.4		0.4077604531		0.42		2.638937829		0.42		-0.3351339305		0.3348846134		0.42		0.4737746887		-0.0009220938		-0.0025325934		7.4		-10.9444597071		-15

		8.6		0.4168708024		0.43		2.7017696821		0.43		-0.177666273		0.2435849515		0.43		0.3014944994		-0.0007043618		-0.0011701486		7.6		-14.8680932676		-15

		8.8		0.4259394651		0.44		2.7646015352		0.44		-0.0198758573		0.2270455638		0.44		0.2279138823		0.0004234592		0.000141454		7.8		-17.1736111107		-15

		9		0.4349655341		0.45		2.8274333882		0.45		0.1092924048		0.2742720712		0.45		0.2952456584		0.0011222693		0.0018263433		8		-17.8816864656		-15

		9.2		0.443948107		0.46		2.8902652413		0.46		0.189058784		0.3640611263		0.46		0.4102239967		0.0007341502		0.0037318446		8.2		-17.3306414262		-15

		9.4		0.4528862854		0.47		2.9530970944		0.47		0.2099956964		0.4695576095		0.47		0.5143758754		-0.0002409133		0.0048790546		8.4		-16.0674525763		-15

		9.6		0.4617791755		0.48		3.0159289474		0.48		0.1749782348		0.5635949105		0.48		0.5901327019		-0.0007855044		0.0042210543		8.6		-14.6907548416		-15

		9.8		0.4706258882		0.49		3.0787608005		0.49		0.0978278327		0.6238115445		0.49		0.6314357671		-0.0004129939		0.0016712747		8.8		-13.6924927085		-15

		10		0.4794255386		0.5		3.1415926536		0.5		-0		0.6366197724		0.5		0.6366197724		0.000396798		-0.0016057345		9		-13.343583611		-15

		10.2		0.4881772469		0.51		3.2044245067		0.51		-0.0939914471		0.5993483467		0.51		0.6066735801		0.0007406539		-0.0039593772

		10.4		0.4968801378		0.52		3.2672563597		0.52		-0.1615183706		0.5202414558		0.52		0.5447378786		0.0002271565		-0.0044192262

		10.6		0.5055333412		0.53		3.3300882128		0.53		-0.1862225987		0.4164001443		0.53		0.4561446442		-0.0006299853		-0.003260365

		10.8		0.5141359917		0.54		3.3929200659		0.54		-0.1610500753		0.3101261446		0.54		0.3494500713		-0.0009385083		-0.0015415054

		11		0.5226872289		0.55		3.4557519189		0.55		-0.0894210585		0.2244044219		0.55		0.2415646296		-0.0003495918		-0.0001249013

		11.2		0.5311861979		0.56		3.518583772		0.56		0.015616745		0.178392943		0.56		0.1790751933		0.0005343762		0.0008915883

		11.4		0.5396320487		0.57		3.5814156251		0.57		0.1340289428		0.1837570686		0.57		0.2274432188		0.0006861171		0.001860802

		11.6		0.5480239368		0.58		3.6442474782		0.58		0.2426831911		0.2425026511		0.58		0.3430782229		-0.0003611269		0.0028026404

		11.8		0.5563610229		0.59		3.7070793312		0.59		0.3197278579		0.3466648373		0.59		0.4715956028		-0.0019987617		0.0030218674

		12		0.5646424734		0.6		3.7699111843		0.6		0.3486362718		0.4798566613		0.6		0.5931354528		-0.0030129905		0.0016050204

		12.2		0.5728674601		0.61		3.8327430374		0.61		0.3211792128		0.6203390437		0.61		0.6985532305		-0.002649072		-0.0015997853

		12.4		0.5810351605		0.62		3.8955748905		0.62		0.2388079009		0.7450041377		0.62		0.782342878		-0.0013166992		-0.0054466128

		12.6		0.5891447579		0.63		3.9584067435		0.63		0.1122376214		0.8335142111		0.63		0.8410369931		-0.0002831137		-0.0080026296

		12.8		0.5971954414		0.64		4.0212385966		0.64		-0.0406407954		0.8718322196		0.64		0.8727789487		-0.0005949337		-0.0078071439

		13		0.6051864057		0.65		4.0840704497		0.65		-0.1980908518		0.8545147122		0.65		0.877174657		-0.0021556141		-0.00490218

		13.2		0.613116852		0.66		4.1469023027		0.66		-0.3384554772		0.7853838567		0.66		0.8552075259		-0.0037538278		-0.0008117737

		13.4		0.620985987		0.67		4.2097341558		0.67		-0.4439410225		0.6765047031		0.67		0.8091614454		-0.0040158282		0.0025016346

		13.6		0.628793024		0.68		4.2725660089		0.68		-0.5035717795		0.5457076446		0.68		0.7425505845		-0.0024755678		0.0038686952

		13.8		0.6365371822		0.69		4.335397862		0.69		-0.5147999165		0.4131565287		0.69		0.6600888359		0.0001069501		0.0034161666

		14		0.6442176872		0.7		4.398229715		0.7		-0.4835188607		0.2976236075		0.7		0.567776629		0.0023749032		0.0020946722

		14.2		0.651833771		0.71		4.4610615681		0.71		-0.4225301701		0.2131666931		0.71		0.4732565728		0.0033580639		0.0007839212

		14.4		0.659384672		0.72		4.5238934212		0.72		-0.3487980689		0.1668087371		0.72		0.3866332211		0.0029971779		-0.0002310163

		14.6		0.666869635		0.73		4.5867252742		0.73		-0.2800401421		0.1576167091		0.73		0.3213495109		0.0018866487		-0.00108407

		14.8		0.6742879116		0.74		4.6495571273		0.74		-0.2313095414		0.1773056057		0.74		0.2914470479		0.0006197093		-0.0018095533

		15		0.68163876		0.75		4.7123889804		0.75		-0.2122065908		0.2122065908		0.75		0.3001054387		-0.0006034011		-0.0021003547

		15.2		0.6889214451		0.76		4.7752208335		0.76		-0.2252224482		0.2461891289		0.76		0.3336678564		-0.0018045256		-0.0016012666

		15.4		0.6961352386		0.77		4.8380526865		0.77		-0.2654926022		0.2639606344		0.77		0.3743815412		-0.0027982676		-0.0004027013

		15.6		0.7032794192		0.78		4.9008845396		0.78		-0.3219674482		0.2541123019		0.78		0.4101659416		-0.0030601256		0.0008328213

		15.8		0.7103532724		0.79		4.9637163927		0.79		-0.3797423048		0.211343714		0.79		0.4345922036		-0.0021166754		0.0013272708

		16		0.7173560909		0.8		5.0265482457		0.8		-0.4230790031		0.1374667012		0.8		0.4448515896		-0.0001083991		0.0008523834

		16.2		0.7242871744		0.81		5.0893800988		0.81		-0.4385332622		0.0410270141		0.81		0.4404482239		0.0020673663		-0.0000215807

		16.4		0.7311458297		0.82		5.1522119519		0.82		-0.4175961098		-0.0643552587		0.82		0.4225258693		0.0032821446		-0.0003726011

		16.6		0.7379313711		0.83		5.215043805		0.83		-0.3583620302		-0.162588271		0.83		0.3935203813		0.0029963463		0.0002860087

		16.8		0.74464312		0.84		5.277875658		0.84		-0.2659293035		-0.2381469753		0.84		0.3569767167		0.0016814663		0.0015667969

		17		0.7512804051		0.85		5.3407075111		0.85		-0.1514812396		-0.2789702079		0.85		0.3174443934		0.0004546875		0.0025190967

		17.2		0.7578425629		0.86		5.4035393642		0.86		-0.0302443129		-0.2786775981		0.86		0.2803139706		0.0002052692		0.0024321545

		17.4		0.764328937		0.87		5.4663712172		0.87		0.0812755189		-0.2377058239		0.87		0.2512165773		0.0009329714		0.0014345632

		17.6		0.7707388789		0.88		5.5292030703		0.88		0.1682510211		-0.1631734991		0.88		0.2343800267		0.0018356959		0.0003718476

		17.8		0.7770717475		0.89		5.5920349234		0.89		0.2201340672		-0.067524641		0.89		0.2302576485		0.002038674		0.0000780574

		18		0.7833269096		0.9		5.6548667765		0.9		0.2324241812		0.0337732104		0.9		0.234865131		0.0013217295		0.0006805084

		18.2		0.7895037397		0.91		5.7176986295		0.91		0.2072960837		0.125030365		0.91		0.2420831644		0.000238211		0.0015296837

		18.4		0.79560162		0.92		5.7805304826		0.92		0.1529959248		0.1931069006		0.92		0.2463696979		-0.0004245096		0.0017854464

		18.6		0.8016199409		0.93		5.8433623357		0.93		0.0821467714		0.2296433947		0.93		0.2438937899		-0.0003262232		0.0011259307

		18.8		0.8075581004		0.94		5.9061941887		0.94		0.0093035928		0.2323508916		0.94		0.2325370802		0.0002011249		-0.0000280494

		19		0.8134155048		0.95		5.9690260418		0.95		-0.0517700865		0.2051446885		0.95		0.2115761922		0.0005349047		-0.0009223075

		19.2		0.8191915683		0.96		6.0318578949		0.96		-0.0905906673		0.1571268417		0.96		0.1813712034		0.0003524869		-0.0011045584

		19.4		0.8248857133		0.97		6.094689748		0.97		-0.101750492		0.1006369172		0.97		0.1431116758		-0.0001186906		-0.0007198115

		19.6		0.8304973705		0.98		6.157521601		0.98		-0.0857036252		0.0487595195		0.98		0.0986032562		-0.0003868652		-0.000254807

		19.8		0.8360259786		0.99		6.2203534541		0.99		-0.0484198364		0.0127699287		0.99		0.0500754594		-0.0002044111		-0.0000342123

		20		0.8414709848		1		6.2831853072		1		0		0		1		0		0.0002003634		0.0000335349

		20.2		0.8468318446		1.01		6.3460171603		1.01		0.0474610277		0.0125170588		1.01		0.0490838661		0.0003756624		0.0002454788

		20.4		0.8521080219		1.02		6.4088490133		1.02		0.0823426988		0.0468473815		1.02		0.0947364618		0.0001152499		0.0006820801

		20.6		0.8572989892		1.03		6.4716808664		1.03		0.0958232789		0.0947745725		1.03		0.1347750733		-0.000326563		0.0010289131

		20.8		0.8624042272		1.04		6.5345127195		1.04		0.0836221545		0.1450401616		1.04		0.1674195723		-0.0004892494		0.0008455556

		21		0.8674232256		1.05		6.5973445725		1.05		0.0468396021		0.1856070992		1.05		0.1914260786		-0.0001827798		0.0000305697

		21.2		0.8723554823		1.06		6.6601764256		1.06		-0.0082503559		0.2060470171		1.06		0.2062121277		0.0002843343		-0.0009837073

		21.4		0.8772005043		1.07		6.7230082787		1.07		-0.0713985957		0.1995965954		1.07		0.2119824529		0.0003664854		-0.001535422

		21.6		0.8819578069		1.08		6.7858401318		1.08		-0.1303298619		0.1644984709		1.08		0.2098704834		-0.0001964381		-0.0012931887

		21.8		0.8866269144		1.09		6.8486719848		1.09		-0.1730637029		0.1043831488		1.09		0.2021061281		-0.0010877795		-0.0005664752

		22		0.8912073601		1.1		6.9115038379		1.1		-0.1901652392		0.0276326267		1.1		0.1921623799		-0.0016500126		-0.0000642124

		22.2		0.8956986857		1.11		6.974335691		1.11		-0.1765038917		-0.0541413788		1.11		0.1846209974		-0.0014600046		-0.0002918249

		22.4		0.9001004422		1.12		7.037167544		1.12		-0.1321972308		-0.1282077493		1.12		0.1841557352		-0.0007299552		-0.0011106979

		22.6		0.9044121894		1.13		7.0999993971		1.13		-0.062574957		-0.1830124485		1.13		0.193414533		-0.0001578917		-0.0018509533

		22.8		0.9086334961		1.14		7.1628312502		1.14		0.0228158851		-0.2102304687		1.14		0.2114649252		-0.0003362182		-0.0018831559

		23		0.9127639403		1.15		7.2256631033		1.15		0.1119643945		-0.2061953711		1.15		0.2346328125		-0.001224288		-0.0011514955

		23.2		0.9168031088		1.16		7.2884949563		1.16		0.1925694957		-0.1724512579		1.16		0.2585003811		-0.0021438312		-0.0002093545

		23.4		0.9207505977		1.17		7.3513268094		1.17		0.2542226368		-0.1153403973		1.17		0.2791640312		-0.0023063095		0.0002611329

		23.6		0.9246060124		1.18		7.4141586625		1.18		0.2901939068		-0.044721451		1.18		0.2936196719		-0.0014288777		0.0000178267

		23.8		0.9283689672		1.19		7.4769905155		1.19		0.2984974306		0.0279259508		1.19		0.2998008919		0.0000646289		-0.0005710384

		24		0.932039086		1.2		7.5398223686		1.2		0.2820526687		0.0916444674		1.2		0.2965677264		0.0013909656		-0.0008755693

		24.2		0.9356160016		1.21		7.6026542217		1.21		0.2479309262		0.1379847389		1.21		0.2837420173		0.0019762946		-0.0005415854

		24.4		0.9390993563		1.22		7.6654860748		1.22		0.2058480406		0.1624652422		1.22		0.2622372414		0.0017730478		0.0002499751

		24.6		0.9424888019		1.23		7.7283179278		1.23		0.1662026859		0.1652436492		1.23		0.2343689323		0.0011217499		0.0009887903

		24.8		0.9457839994		1.24		7.7911497809		1.24		0.138039565		0.1508901113		1.24		0.2045061055		0.0003698265		0.0012736234

		25		0.9489846194		1.25		7.853981634		1.25		0.1273239545		0.1273239545		1.25		0.1800632632		-0.0003639562		0.001076227

		25.2		0.9520903416		1.26		7.916813487		1.26		0.1358484608		0.1041318636		1.26		0.1711673138		-0.001092197		0.0006324822

		25.4		0.9551008556		1.27		7.9796453401		1.27		0.1609679557		0.0905985808		1.27		0.184712711		-0.0017014999		0.000134075

		25.6		0.9580158603		1.28		8.0424771932		1.28		0.1961989137		0.0938299146		1.28		0.2174811868		-0.0018691941		-0.0004327267

		25.8		0.9608350642		1.29		8.1053090463		1.29		0.2325553649		0.117324304		1.29		0.2604745478		-0.0012982076		-0.0011360028

		26		0.9635581854		1.3		8.1681408993		1.3		0.2603563096		0.1602588656		1.3		0.3057258771		-0.0000651061		-0.001815976

		26.2		0.9661849516		1.31		8.2309727524		1.31		0.2711541545		0.2176167975		1.31		0.3476803792		0.0012826963		-0.0020161065

		26.4		0.9687151001		1.32		8.2938046055		1.32		0.2594157652		0.28112212		1.32		0.3825260587		0.0020439207		-0.0012815003

		26.6		0.9711483779		1.33		8.3566364585		1.33		0.2236394624		0.3407956023		1.33		0.407622683		0.0018733687		0.000392716

		26.8		0.9734845417		1.34		8.4194683116		1.34		0.1667019515		0.3868308548		1.34		0.4212216172		0.001055284		0.0023762912

		27		0.9757233578		1.35		8.4823001647		1.35		0.0953770768		0.4114330096		1.35		0.4223433534		0.0002863106		0.0037116035

		27.2		0.9778646024		1.36		8.5451320178		1.36		0.0191250802		0.4102739857		1.36		0.4107195053		0.0001303279		0.0037267412

		27.4		0.9799080614		1.37		8.6079638708		1.37		-0.0516129208		0.3832948562		1.37		0.3867542377		0.0005944205		0.0024856629

		27.6		0.9818535304		1.38		8.6707957239		1.38		-0.1072905062		0.3347120039		1.38		0.35148738		0.001173452		0.0007207748

		27.8		0.9837008148		1.39		8.733627577		1.39		-0.1409491509		0.2722351199		1.39		0.3065593314		0.0013077537		-0.0006898675

		28		0.98544973		1.4		8.7964594301		1.4		-0.1494155451		0.2056528549		1.4		0.2542009084		0.0008506497		-0.0012787577

		28.2		0.987100101		1.41		8.8592912831		1.41		-0.1337868342		0.1450583362		1.41		0.1973343302		0.0001533811		-0.0011608388

		28.4		0.9886517629		1.42		8.9221231362		1.42		-0.0991241203		0.0990503786		1.42		0.1401305417		-0.0002757267		-0.0007534492

		28.6		0.9901045603		1.43		8.9849549893		1.43		-0.0534241241		0.0732458246		1.43		0.0906591851		-0.0002122685		-0.0003532339

		28.8		0.9914583482		1.44		9.0477868423		1.44		-0.0060731786		0.0693750334		1.44		0.0696403529		0.0001318794		0.0000452516

		29		0.992712991		1.45		9.1106186954		1.45		0.0339183325		0.0851189187		1.45		0.091627963		0.0003511367		0.0005734215

		29.2		0.9938683634		1.46		9.1734505485		1.46		0.0595664662		0.1147041905		1.46		0.1292486565		0.0002319208		0.0011866397

		29.4		0.9949243498		1.47		9.2362824016		1.47		0.0671414811		0.1501306643		1.47		0.1644603139		-0.0000787389		0.0015716897

		29.6		0.9958808445		1.48		9.2991142546		1.48		0.0567496978		0.1827875385		1.48		0.1913943898		-0.000256631		0.0013765694

		29.8		0.996737752		1.49		9.3619461077		1.49		0.0321715691		0.2051460784		1.49		0.2076533731		-0.0001358168		0.0005496138

		30		0.9974949866		1.5		9.4247779608		1.5		-0		0.2122065908		1.5		0.2122065908		0.0001340179		-0.0005423342

		30.2		0.9981524725		1.51		9.4876098138		1.51		-0.0317454556		0.2024289118		1.51		0.2049029973		0.0002516528		-0.0013475277

		30.4		0.998710144		1.52		9.5504416669		1.52		-0.0552562847		0.1779773402		1.52		0.1863576953		0.0000772096		-0.0015207225

		30.6		0.9991679453		1.53		9.61327352		1.53		-0.0645084819		0.1442431872		1.53		0.1580108898		-0.0002204087		-0.0011344783

		30.8		0.9995258306		1.54		9.6761053731		1.54		-0.0564721043		0.1087455312		1.54		0.1225344406		-0.0003308687		-0.0005419804

		31		0.9997837642		1.55		9.7389372261		1.55		-0.031730053		0.0796273755		1.55		0.0857164815		-0.0001237359		-0.0000434024

		31.2		0.9999417202		1.56		9.8017690792		1.56		0.005606011		0.0640384924		1.56		0.0642834027		0.0001937004		0.000322792

		31.4		0.9999996829		1.57		9.8646009323		1.57		0.0486601894		0.0667143498		1.57		0.0825749266		0.0002500164		0.0006803792

		31.6		0.9999576465		1.58		9.9274327853		1.58		0.0890862347		0.0890199605		1.58		0.1259401071		-0.0001349081		0.0010352325

		31.8		0.9998156151		1.59		9.9902646384		1.59		0.1186411548		0.1286366377		1.59		0.1749945947		-0.0007472224		0.0011268654

		32		0.999573603		1.6		10.0530964915		1.6		0.1307386019		0.179946248		1.6		0.2224257948		-0.0011360932		0.0006026387

		32.2		0.9992316344		1.61		10.1159283446		1.61		0.1216890185		0.2350352898		1.61		0.2646692364		-0.0010076974		-0.0006130102

		32.4		0.9987897435		1.62		10.1787601976		1.62		0.0913956164		0.2851250404		1.62		0.2994151755		-0.0005049458		-0.0020983366

		32.6		0.9982479744		1.63		10.2415920507		1.63		0.0433801849		0.3221557994		1.63		0.3250633777		-0.000109472		-0.0031093156

		32.8		0.9976063813		1.64		10.3044239038		1.64		-0.0158598226		0.3402272076		1.64		0.3405966629		-0.0002343207		-0.0030594641

		33		0.9968650285		1.65		10.3672557568		1.65		-0.0780357901		0.3366270078		1.65		0.3455536528		-0.0008549259		-0.0019364396

		33.2		0.9960239899		1.66		10.4300876099		1.66		-0.1345666355		0.3122610514		1.66		0.3400222693		-0.0015003509		-0.0003204671

		33.4		0.9950833498		1.67		10.492919463		1.67		-0.1781080749		0.2714120665		1.67		0.3246336338		-0.0016176827		0.0010103073

		33.6		0.9940432022		1.68		10.5557513161		1.68		-0.2038266726		0.2208816657		1.68		0.3005561889		-0.0010042701		0.0015729478

		33.8		0.9929036511		1.69		10.6185831691		1.69		-0.2101845813		0.1686852099		1.69		0.2695037259		0.0000462663		0.0013996924

		34		0.9916648105		1.7		10.6814150222		1.7		-0.1990960015		0.1225508972		1.7		0.2337903766		0.000983501		0.0008648491

		34.2		0.9903268042		1.71		10.7442468753		1.71		-0.1754365034		0.0885078083		1.71		0.1964983431		0.0014001666		0.0003258432

		34.4		0.988889766		1.72		10.8070787283		1.72		-0.1460084939		0.0698269132		1.72		0.1618464646		0.0012588904		-0.0000978322

		34.6		0.9873538397		1.73		10.8699105814		1.73		-0.1181672276		0.0665087848		1.73		0.1355983485		0.000798159		-0.0004599266

		34.8		0.9857191788		1.74		10.9327424345		1.74		-0.0983730233		0.0754058323		1.74		0.1239487445		0.0002635545		-0.0007730647

		35		0.9839859469		1.75		10.9955742876		1.75		-0.0909456818		0.0909456818		1.75		0.1286166166		-0.0002605596		-0.0009035265

		35.2		0.9821543171		1.76		11.0584061406		1.76		-0.0972551481		0.106308942		1.76		0.1440838471		-0.0007830826		-0.0006932599

		35.4		0.9802244728		1.77		11.1212379937		1.77		-0.1154967818		0.1148303325		1.77		0.1628665462		-0.0012223948		-0.000174681

		35.6		0.9781966068		1.78		11.1840698468		1.78		-0.1410868593		0.1113525817		1.78		0.1797356373		-0.0013455455		0.0003670582

		35.8		0.976070922		1.79		11.2469016999		1.79		-0.1675957658		0.0932746		1.79		0.1918032631		-0.000936204		0.0005878076

		36		0.9738476309		1.8		11.3097335529		1.8		-0.1880351125		0.0610963116		1.8		0.1977118176		-0.0000465037		0.0003794469

		36.2		0.9715269558		1.81		11.372565406		1.81		-0.1962496919		0.0183601555		1.81		0.1971066638		0.0009297954		-0.0000103263

		36.4		0.9691091289		1.82		11.4353972591		1.82		-0.1881476978		-0.0289952265		1.82		0.1903687983		0.001484053		-0.0001683326

		36.6		0.9665943918		1.83		11.4982291121		1.83		-0.1625357842		-0.0737422213		1.83		0.1784819216		0.0013626701		0.0001310216

		36.8		0.9639829962		1.84		11.5610609652		1.84		-0.1214025081		-0.1087192713		1.84		0.1629676316		0.0007689338		0.000718592

		37		0.961275203		1.85		11.6238928183		1.85		-0.0695994885		-0.1281755009		1.85		0.1458528294		0.0002089381		0.0011614642

		37.2		0.9584712831		1.86		11.6867246714		1.86		-0.0139839296		-0.1288509324		1.86		0.1296075348		0.0000954723		0.0011275389

		37.4		0.9555715169		1.87		11.7495565244		1.87		0.0378126746		-0.1105904101		1.87		0.1168761616		0.0004361531		0.0006685351

		37.6		0.9525761943		1.88		11.8123883775		1.88		0.0787557971		-0.0763790847		1.88		0.1097097997		0.0008623535		0.0001739967

		37.8		0.9494856149		1.89		11.8752202306		1.89		0.1036610158		-0.0317973177		1.89		0.1084282048		0.0009626286		0.0000370336

		38		0.9463000877		1.9		11.9380520836		1.9		0.1100956648		0.0159978365		1.9		0.1112519041		0.0006271338		0.0003239478

		38.2		0.9430199313		1.91		12.0008839367		1.91		0.0987641027		0.0595694409		1.91		0.1153380522		0.0001131023		0.0007313884

		38.4		0.9396454737		1.92		12.0637157898		1.92		0.0733105473		0.0925303899		1.92		0.1180521469		-0.0002041696		0.0008577852

		38.6		0.9361770523		1.93		12.1265476429		1.93		0.0395836774		0.1106571798		1.93		0.1175239506		-0.000157316		0.0005433186

		38.8		0.932615014		1.94		12.1893794959		1.94		0.0045079264		0.1125823908		1.94		0.1126726059		0.000098103		-0.0000144288

		39		0.928959715		1.95		12.252211349		1.95		-0.0252213242		0.0999422842		1.95		0.1030755808		0.00026135		-0.0004509131

		39.2		0.9252115208		1.96		12.3150432021		1.96		-0.0443709391		0.0769600858		1.96		0.0888348751		0.0001728118		-0.0005423011

		39.4		0.9213708062		1.97		12.3778750551		1.97		-0.0501004961		0.0495521877		1.97		0.0704661551		-0.0000589093		-0.0003549905

		39.6		0.9174379553		1.98		12.4407069082		1.98		-0.042418966		0.0241334996		1.98		0.0488036318		-0.0001919975		-0.0001262034

		39.8		0.9134133613		1.99		12.5035387613		1.99		-0.0240882603		0.0063528791		1.99		0.024911912		-0.000101692		-0.0000170202

		40		0.9092974268		2		12.5663706144		2		0		0		2		0		0.0001006801		0.0000168509

		40.2		0.9050905633		2.01		12.6292024674		2.01		0.0238485761		0.0062896664		2.01		0.0246640322		0.0001891975		0.000123872

		40.4		0.9007931915		2.02		12.6920343205		2.02		0.0415789865		0.0236556085		2.02		0.0478372233		0.000058049		0.0003455632

		40.6		0.8964057412		2.03		12.7548661736		2.03		0.0486196932		0.048087591		2.03		0.0683834116		-0.0001663381		0.0005234086

		40.8		0.891928651		2.04		12.8176980266		2.04		0.0426309023		0.0739420432		2.04		0.0853511545		-0.0002499539		0.0004317533

		41		0.8873623686		2.05		12.8805298797		2.05		0.0239910157		0.0950670508		2.05		0.0980475037		-0.0000935243		0.0000150509

		41.2		0.8827073508		2.06		12.9433617328		2.06		-0.0042453287		0.1060241933		2.06		0.1061091531		0.000146881		-0.0005078856

		41.4		0.877964063		2.07		13.0061935859		2.07		-0.0369065205		0.1031731194		2.07		0.1095754708		0.0001897229		-0.0007955487

		41.6		0.8731329795		2.08		13.0690254389		2.08		-0.0676712744		0.0854126676		2.08		0.1089712126		-0.0001027295		-0.0006725797

		41.8		0.8682145834		2.09		13.131857292		2.09		-0.0902581034		0.0544390585		2.09		0.1054046314		-0.0005690635		-0.0002956195

		42		0.8632093666		2.1		13.1946891451		2.1		-0.0996103634		0.014474233		2.1		0.1006564847		-0.0008662801		-0.0000335967

		42.2		0.8581178296		2.11		13.2575209981		2.11		-0.0928527582		-0.0284819576		2.11		0.0971228944		-0.0007693542		-0.0001542097

		42.4		0.8529404816		2.12		13.3203528512		2.12		-0.0698400465		-0.0677323958		2.12		0.0972898224		-0.0003859705		-0.0005885596

		42.6		0.8476778401		2.13		13.3831847043		2.13		-0.0331970429		-0.0970911112		2.13		0.1026095879		-0.0000837798		-0.0009842627

		42.8		0.8423304316		2.14		13.4460165574		2.14		0.0121542566		-0.1119919319		2.14		0.1126495396		-0.0001798221		-0.0010049893

		43		0.8368987908		2.15		13.5088484104		2.15		0.059887932		-0.1102905473		2.15		0.1255012718		-0.0006567795		-0.0006165997

		43.2		0.8313834608		2.16		13.5716802635		2.16		0.1034169514		-0.0926127126		2.16		0.1388242787		-0.0011539806		-0.0001122006

		43.4		0.8257849931		2.17		13.6345121166		2.17		0.137069348		-0.0621881405		2.17		0.1505170122		-0.00124573		0.0001411187

		43.6		0.8201039476		2.18		13.6973439697		2.18		0.1570774358		-0.0242070239		2.18		0.158931749		-0.0007742067		0.000009366

		43.8		0.8143408924		2.19		13.7601758227		2.19		0.162197234		0.0151743751		2.19		0.1629055075		0.0000360225		-0.0003111948

		44		0.8084964038		2.2		13.8230076758		2.2		0.1538469102		0.0499878913		2.2		0.1617642144		0.0007606731		-0.0004784877

		44.2		0.8025710662		2.21		13.8858395289		2.21		0.1357449868		0.0755482055		2.21		0.1553519642		0.001084125		-0.0002967316

		44.4		0.7965654722		2.22		13.9486713819		2.22		0.113123698		0.0892827007		2.22		0.1441123579		0.0009758965		0.0001380843

		44.6		0.7904802223		2.23		14.011503235		2.23		0.0916723335		0.0911433581		2.23		0.1292707564		0.0006194634		0.0005466618

		44.8		0.7843159251		2.24		14.0743350881		2.24		0.0764147592		0.0835284545		2.24		0.113208737		0.0002047254		0.0007063047

		45		0.7780731969		2.25		14.1371669412		2.25		0.0707355303		0.0707355303		2.25		0.1000351462		-0.0002029136		0.0005987684

		45.2		0.771752662		2.26		14.1999987942		2.26		0.0757385224		0.0580558178		2.26		0.0954295644		-0.0006103435		0.0003529988

		45.4		0.7653549525		2.27		14.2628306473		2.27		0.090056962		0.0506873118		2.27		0.1033414727		-0.000953821		0.0000748975

		45.6		0.7588807082		2.28		14.3256625004		2.28		0.1101467586		0.0526764433		2.28		0.1220947014		-0.0010510881		-0.0002436504

		45.8		0.7523305764		2.29		14.3884943534		2.29		0.1310028038		0.0660909835		2.29		0.1467302038		-0.0007320685		-0.0006413786

		46		0.7457052122		2.3		14.4513262065		2.3		0.1471579141		0.0905810979		2.3		0.1728015827		-0.0000361645		-0.0010284049

		46.2		0.7390052781		2.31		14.5141580596		2.31		0.1537714036		0.1234103917		2.31		0.1971693925		0.0007291808		-0.0011451286

		46.4		0.732231444		2.32		14.5769899127		2.32		0.147598625		0.1599487924		2.32		0.2176441368		0.0011649524		-0.0007297202

		46.6		0.7253843875		2.33		14.6398217657		2.33		0.1276568605		0.1945313953		2.33		0.2326773255		0.0010707692		0.0002254743

		46.8		0.7184647931		2.34		14.7026536188		2.34		0.0954618013		0.2215185237		2.34		0.2412123791		0.0006048177		0.0013638086

		47		0.7114733528		2.35		14.7654854719		2.35		0.0547910867		0.2363551332		2.35		0.2426227775		0.0001644871		0.0021358893

		47.2		0.7044107658		2.36		14.8283173249		2.36		0.0110212327		0.2364290765		2.36		0.2366858166		0.0000753265		0.0021506162

		47.4		0.6972777383		2.37		14.891149178		2.37		-0.0298353171		0.2215670688		2.37		0.2235667956		0.0003444436		0.0014382893

		47.6		0.6900749836		2.38		14.9539810311		2.38		-0.0622104616		0.1940767081		2.38		0.2038036069		0.0006816415		0.000417778

		47.8		0.6828032219		2.39		15.0168128842		2.39		-0.0819746108		0.158329212		2.39		0.1782918287		0.0007616301		-0.0004022737

		48		0.6754631806		2.4		15.0796447372		2.4		-0.0871590679		0.1199641653		2.4		0.1482838632		0.0004966381		-0.0007471079

		48.2		0.6680555934		2.41		15.1424765903		2.41		-0.078273625		0.0848681552		2.41		0.1154528654		0.0000895782		-0.0006799971

		48.4		0.6605812013		2.42		15.2053084434		2.42		-0.05816374		0.0581204701		2.42		0.0822253592		-0.000162101		-0.0004425605

		48.6		0.6530407516		2.43		15.2681402964		2.43		-0.0314388878		0.0431035099		2.43		0.0533508785		-0.0001249648		-0.0002080156

		48.8		0.6454349983		2.44		15.3309721495		2.44		-0.003584171		0.0409426427		2.44		0.0410992247		0.0000781003		0.0000269259

		49		0.6377647021		2.45		15.3938040026		2.45		0.0200741152		0.0503765029		2.45		0.0542287944		0.0002081306		0.0003401051

		49.2		0.63003063		2.46		15.4566358557		2.46		0.0353524555		0.0680764708		2.46		0.0767085522		0.0001377133		0.0007054915

		49.4		0.6222335553		2.47		15.5194677087		2.47		0.0399586953		0.0893490188		2.47		0.0978771909		-0.0000470581		0.0009367281

		49.6		0.6143742578		2.48		15.5822995618		2.48		0.0338667551		0.1090828859		2.48		0.1142192326		-0.0001533707		0.0008223911

		49.8		0.6064535234		2.49		15.6451314149		2.49		0.0192512602		0.1227580951		2.49		0.1242584441		-0.0000812719		0.0003288854

		50		0.5984721441		2.5		15.7079632679		2.5		0		0.1273239545		2.5		0.1273239545		0.0000806243		-0.0003262648

		50.2		0.5904309181		2.51		15.770795121		2.51		-0.0190978638		0.121779943		2.51		0.123268337		0.0001515787		-0.0008119371

		50.4		0.5823306495		2.52		15.8336269741		2.52		-0.0333291876		0.1073514115		2.52		0.1124062289		0.0000465075		-0.0009183835

		50.6		0.5741721484		2.53		15.8964588272		2.53		-0.0390110582		0.0872300698		2.53		0.0955559927		-0.0001335707		-0.0006867198

		50.8		0.5659562304		2.54		15.9592906802		2.54		-0.0342389924		0.06593233		2.54		0.0742925348		-0.0002008384		-0.0003287923

		51		0.5576837174		2.55		16.0221225333		2.55		-0.019286895		0.0484009537		2.55		0.052102175		-0.0000751704		-0.0000262599

		51.2		0.5493554364		2.56		16.0849543864		2.56		0.003416163		0.0390234563		2.56		0.0391726985		0.0001182893		0.0001970709

		51.4		0.5409722204		2.57		16.1477862395		2.57		0.0297262636		0.0407554588		2.57		0.050444605		0.0001528597		0.0004162996

		51.6		0.5325349076		2.58		16.2106180925		2.58		0.0545566864		0.0545160999		2.58		0.0771261121		-0.000082945		0.0006348745

		51.8		0.5240443417		2.59		16.2734499456		2.59		0.0728337591		0.0789699822		2.59		0.1074291141		-0.0004595049		0.0006925675

		52		0.5155013718		2.6		16.3362817987		2.6		0.0804545243		0.1107361526		2.6		0.1368774122		-0.0007000291		0.0003709633

		52.2		0.5069068522		2.61		16.3991136517		2.61		0.0750648735		0.1449834547		2.61		0.1632633987		-0.0006221921		-0.0003791448

		52.4		0.4982616424		2.62		16.4619455048		2.62		0.0565117933		0.1762986891		2.62		0.1851345742		-0.00031237		-0.0012994932

		52.6		0.4895666068		2.63		16.5247773579		2.63		0.026885818		0.1996631		2.63		0.2014651352		-0.0000678549		-0.0019295116

		52.8		0.480822615		2.64		16.587609211		2.64		-0.009852314		0.2113532654		2.64		0.2115827754		-0.0001458907		-0.0019025226

		53		0.4720305413		2.65		16.650441064		2.65		-0.0485883222		0.2095979483		2.65		0.215156048		-0.0005331998		-0.0012065231

		53.2		0.4631912649		2.66		16.7132729171		2.66		-0.0839776748		0.1948696787		2.66		0.2121943485		-0.0009375409		-0.0001996327

		53.4		0.4543056698		2.67		16.7761047702		2.67		-0.1114009307		0.1697596071		2.67		0.2030480032		-0.0010128473		0.0006329716

		53.6		0.4453746445		2.68		16.8389366232		2.68		-0.127771944		0.1384631337		2.68		0.1884083573		-0.000629905		0.0009871602

		53.8		0.4363990822		2.69		16.9017684763		2.69		-0.1320490492		0.1059769535		2.69		0.1693164672		0.0000294905		0.000880163

		54		0.4273798802		2.7		16.9646003294		2.7		-0.1253567417		0.077161676		2.7		0.1472013482		0.0006201651		0.0005449202

		54.2		0.4183179407		2.71		17.0274321825		2.71		-0.1106997863		0.0558481004		2.71		0.1239897294		0.0008844826		0.0002056652

		54.4		0.4092141697		2.72		17.0902640355		2.72		-0.0923289006		0.0441552539		2.72		0.1023440879		0.000796783		-0.0000620551

		54.6		0.4000694776		2.73		17.1530958886		2.73		-0.0748825288		0.0421465926		2.73		0.0859286238		0.0005061454		-0.0002918809

		54.8		0.3908847789		2.74		17.2159277417		2.74		-0.0624704601		0.0478854555		2.74		0.0787119764		0.0001673667		-0.0004915278

		55		0.3816609921		2.75		17.2787595947		2.75		-0.0578745248		0.0578745248		2.75		0.0818469378		-0.0001661539		-0.0005755627

		55.2		0.3723990394		2.76		17.3415914478		2.76		-0.0620177756		0.0677912094		2.76		0.0918795546		-0.0005000405		-0.0004423986

		55.4		0.3630998472		2.77		17.4044233009		2.77		-0.0738011927		0.0733753388		2.77		0.1040699591		-0.0007820059		-0.0001115286

		55.6		0.3537643453		2.78		17.467255154		2.78		-0.0903361905		0.0712976962		2.78		0.1150825304		-0.0008623688		0.0002354062

		55.8		0.3443934673		2.79		17.530087007		2.79		-0.1075255988		0.0598428437		2.79		0.1230565738		-0.0006010189		0.0003774958

		56		0.3349881502		2.8		17.5929188601		2.8		-0.1208797152		0.0392762003		2.8		0.1271004542		-0.0000295851		0.0002440432

		56.2		0.3255493345		2.81		17.6557507132		2.81		-0.1264099439		0.0118262923		2.81		0.1269619436		0.0005997728		-0.0000067767

		56.4		0.3160779642		2.82		17.7185825662		2.82		-0.121428656		-0.0187132313		2.82		0.1228621322		0.0009587933		-0.0001087267

		56.6		0.3065749864		2.83		17.7814144193		2.83		-0.1051026449		-0.0476848993		2.83		0.1154141048		0.0008818635		0.0000849732

		56.8		0.2970413513		2.84		17.8442462724		2.84		-0.0786551461		-0.0704378378		2.84		0.1055846627		0.0004984351		0.0004662072

		57		0.2874780123		2.85		17.9070781255		2.85		-0.0451786153		-0.083201641		2.85		0.094676398		0.0001356318		0.0007547217

		57.2		0.2778859258		2.86		17.9699099785		2.86		-0.0090944437		-0.0837981589		2.86		0.0842902149		0.0000622013		0.0007338849

		57.4		0.2682660509		2.87		18.0327418316		2.87		0.0246375266		-0.0720571661		2.87		0.0761527604		0.0002846009		0.0004358186

		57.6		0.2586193497		2.88		18.0955736847		2.88		0.0514100342		-0.0498585692		2.88		0.0716161193		0.0005635467		0.0001135692

		57.8		0.2489467867		2.89		18.1584055377		2.89		0.0677921522		-0.0207947856		2.89		0.0709097949		0.0006300705		0.0000242753

		58		0.2392493292		2.9		18.2212373908		2.9		0.0721316424		0.0104813412		2.9		0.0728891786		0.0004110962		0.0002125698

		58.2		0.229527947		2.91		18.2840692439		2.91		0.0648245485		0.0390988427		2.91		0.0757029827		0.0000741547		0.000480587

		58.4		0.2197836122		2.92		18.346901097		2.92		0.0482041955		0.0608419002		2.92		0.0776233295		-0.0001344069		0.0005644945

		58.6		0.2100172993		2.93		18.40973295		2.93		0.0260738899		0.0728902243		2.93		0.0774133873		-0.0001036499		0.0003580481

		58.8		0.2002299847		2.94		18.4725648031		2.94		0.0029746181		0.0742890606		2.94		0.0743485903		0.0000648729		-0.0000096991

		59		0.1904226474		2.95		18.5353966562		2.95		-0.0166717228		0.0660635438		2.95		0.068134706		0.0001729187		-0.0002984008

		59.2		0.1805962679		2.96		18.5982285093		2.96		-0.029380757		0.0509600568		2.96		0.058823093		0.0001144651		-0.0003593709

		59.4		0.170751829		2.97		18.6610603623		2.97		-0.0332316422		0.0328679494		2.97		0.0467401769		-0.0000391766		-0.0002355884

		59.6		0.160890315		2.98		18.7238922154		2.98		-0.0281844137		0.0160350098		2.98		0.0324265742		-0.000127683		-0.0000838724

		59.8		0.1510127121		2.99		18.7867240685		2.99		-0.016031986		0.0042281704		2.99		0.0165801688		-0.0000676813		-0.0000113278

		60		0.1411200081		3		18.8495559215		3		-0		0		3		0		0.0000672316		0.0000112526

		60.2		0.1312131922		3.01		18.9123877746		3.01		0.0159254611		0.0042000762		3.01		0.0164700016		0.0001264385		0.0000828363

		60.4		0.121293255		3.02		18.9752196277		3.02		0.0278111102		0.0158226255		3.02		0.0319970831		0.0000387942		0.000231399

		60.6		0.1113611887		3.03		19.0380514808		3.03		0.0325735899		0.0322170989		3.03		0.0458146289		-0.0001115886		0.0003509758

		60.8		0.1014179863		3.04		19.1008833338		3.04		0.0286075792		0.0496190027		3.04		0.0572751168		-0.0001678552		0.0002898876

		61		0.0914646422		3.05		19.1637151869		3.05		0.0161251089		0.0638975259		3.05		0.0659007812		-0.0000628386		0.000009975

		61.2		0.0815021518		3.06		19.22654704		3.06		-0.0028579664		0.0713757641		3.06		0.0714329593		0.0000990152		-0.0003423102

		61.4		0.0715315111		3.07		19.289378893		3.07		-0.0248848526		0.0695662401		3.07		0.0738831351		0.000127991		-0.000536856

		61.6		0.0615537174		3.08		19.3522107461		3.08		-0.0457000814		0.057681282		3.08		0.0735909487		-0.0000695503		-0.0004544756

		61.8		0.0515697684		3.09		19.4150425992		3.09		-0.0610483612		0.0368212402		3.09		0.0712931002		-0.0003853212		-0.0001999942

		62		0.0415806624		3.1		19.4778744523		3.1		-0.0674779881		0.0098051256		3.1		0.0681866509		-0.0005873155		-0.0000227498

		62.2		0.0315873984		3.11		19.5407063053		3.11		-0.0629965659		-0.0193237719		3.11		0.0658936679		-0.0005222888		-0.0001047927

		62.4		0.0215909757		3.12		19.6035381584		3.12		-0.0474554162		-0.0460232946		3.12		0.066107187		-0.0002623439		-0.0004003543

		62.6		0.0115923939		3.13		19.6663700115		3.13		-0.0225909589		-0.0660715868		3.13		0.069826972		-0.000057017		-0.0006703704

		62.8		0.0015926529		3.14		19.7292018645		3.14		0.0082834742		-0.0763257116		3.14		0.07677389		-0.0001227318		-0.0006853801

		63		-0.0084072474		3.15		19.7920337176		3.15		0.0408758901		-0.0752776752		3.15		0.0856595982		-0.000448761		-0.000421025

		63.2		-0.0184063069		3.16		19.8548655707		3.16		0.070690068		-0.0633048922		3.16		0.094892545		-0.0007894689		-0.0000766359

		63.4		-0.0284035259		3.17		19.9176974238		3.17		0.093829806		-0.0425704306		3.17		0.1030353049		-0.0008533232		0.000096684

		63.6		-0.0383979045		3.18		19.9805292768		3.18		0.1076820157		-0.0165947522		3.18		0.1089532116		-0.0005309443		0.0000063483

		63.8		-0.0483884434		3.19		20.0433611299		3.19		0.1113517061		0.0104175177		3.19		0.1118379503		0.000024963		-0.0002138744

		64		-0.0583741434		3.2		20.106192983		3.2		0.1057697508		0.0343666753		3.2		0.1112128974		0.0005234719		-0.0003291947

		64.2		-0.0683540061		3.21		20.169024836		3.21		0.0934568289		0.052012939		3.21		0.1069557137		0.0007469342		-0.000204346

		64.4		-0.0783270335		3.22		20.2318566891		3.22		0.0779921148		0.0615551539		3.22		0.0993569672		0.0006732218		0.0000953876

		64.6		-0.0882922282		3.23		20.2946885422		3.23		0.0632908061		0.0629256002		3.23		0.0892488504		0.0004278747		0.0003777536

		64.8		-0.0982485937		3.24		20.3575203953		3.24		0.052829957		0.0577480673		3.24		0.0782677688		0.0001415385		0.0004886453

		65		-0.1081951345		3.25		20.4203522483		3.25		0.0489707517		0.0489707517		3.25		0.0692551012		-0.0001406702		0.0004147633

		65.2		-0.1181308559		3.26		20.4831841014		3.26		0.0525058468		0.0402472847		3.26		0.0661566919		-0.0004235038		0.0002448182

		65.4		-0.1280547643		3.27		20.5460159545		3.27		0.0625166066		0.0351866048		3.27		0.0717385758		-0.000662642		0.0000519623

		65.6		-0.1379658673		3.28		20.6088478075		3.28		0.0765654298		0.0366165521		3.28		0.0848707071		-0.0007311021		-0.000169562

		65.8		-0.1478631738		3.29		20.6716796606		3.29		0.0911843224		0.0460025386		3.29		0.1021313577		-0.0005097647		-0.0004468274

		66		-0.1577456941		3.3		20.7345115137		3.3		0.1025646068		0.0631322804		3.3		0.1204374667		-0.0000250305		-0.0007173142

		66.2		-0.16761244		3.31		20.7973433668		3.31		0.1073147862		0.0861262854		3.31		0.1376016002		0.000509374		-0.0007996664

		66.4		-0.1774624248		3.32		20.8601752198		3.32		0.1031412078		0.1117714453		3.32		0.1520886739		0.0008146302		-0.0005100898

		66.6		-0.1872946635		3.33		20.9230070729		3.33		0.089321467		0.1361135589		3.33		0.1628042548		0.0007496159		0.0001581309

		66.8		-0.1971081729		3.34		20.985838926		3.34		0.0668804236		0.1551956124		3.34		0.1689931039		0.0004238784		0.0009563372

		67		-0.2069019717		3.35		21.0486707791		3.35		0.0384355384		0.1658013621		3.35		0.1701980678		0.0001153896		0.0014993586

		67.2		-0.2166750804		3.36		21.1115026321		3.36		0.0077411039		0.1660632799		3.36		0.1662436093		0.0000529714		0.0015114092

		67.4		-0.2264265218		3.37		21.1743344852		3.37		-0.0209821073		0.1558201641		3.37		0.1572265002		0.0002424741		0.0010119077

		67.6		-0.2361553207		3.38		21.2371663383		3.38		-0.0438049996		0.1366575637		3.38		0.1435066818		0.0004803294		0.0002941316

		67.8		-0.2458605043		3.39		21.2999981913		3.39		-0.0577933097		0.1116244297		3.39		0.1256983689		0.0005372663		-0.0002839148

		68		-0.255541102		3.4		21.3628300444		3.4		-0.061524048		0.0846805873		3.4		0.1046709623		0.0003506923		-0.0005277106

		68.2		-0.2651961459		3.41		21.4256618975		3.41		-0.0553194828		0.0599801331		3.41		0.0815957201		0.0000632622		-0.0004808292

		68.4		-0.2748246703		3.42		21.4884937506		3.42		-0.0411567985		0.0411261806		3.42		0.0581828565		-0.0001147948		-0.0003132908

		68.6		-0.2844257125		3.43		21.5513256036		3.43		-0.0222730313		0.030536889		3.43		0.0377966865		-0.0000885467		-0.0001474128

		68.8		-0.2939983124		3.44		21.6141574567		3.44		-0.0025422608		0.0290407117		3.44		0.0291517756		0.0000554771		0.0000191642

		69		-0.3035415127		3.45		21.6769893098		3.45		0.0142555311		0.035774618		3.45		0.0385103033		0.0001478973		0.0002417436

		69.2		-0.3130543591		3.46		21.7398211628		3.46		0.0251349828		0.0484011902		3.46		0.0545384504		0.0000979326		0.0005019614

		69.4		-0.3225359003		3.47		21.8026530159		3.47		0.0284432211		0.063600022		3.47		0.0696705076		-0.0000335564		0.0006671863

		69.6		-0.3319851882		3.48		21.865484869		3.48		0.0241349289		0.077737229		3.48		0.081397614		-0.0001093656		0.0005863426

		69.8		-0.3414012779		3.49		21.9283167221		3.49		0.0137351398		0.0875838558		3.49		0.0886543054		-0.0000579848		0.0002346489

		70		-0.3507832277		3.5		21.9911485751		3.5		0		0.0909456818		3.5		0.0909456818		0.0000576544		-0.0002333119

		70.2		-0.3601300995		3.51		22.0539804282		3.51		-0.0136568769		0.0870848025		3.51		0.0881491527		0.0001084513		-0.0005810091

		70.4		-0.3694409585		3.52		22.1168122813		3.52		-0.0238606684		0.0768538514		3.52		0.0804726412		0.0000332755		-0.0006578273

		70.6		-0.3787148738		3.53		22.1796441343		3.53		-0.0279597669		0.0625190018		3.53		0.0684863064		-0.0000958193		-0.0004923849

		70.8		-0.3879509179		3.54		22.2424759874		3.54		-0.0245669606		0.047307378		3.54		0.0533059431		-0.0001441774		-0.0002359726

		71		-0.3971481673		3.55		22.3053078405		3.55		-0.0138539668		0.0347668823		3.55		0.037425506		-0.0000539826		-0.0000188243

		71.2		-0.4063057021		3.56		22.3681396936		3.56		0.0024565666		0.0280618113		3.56		0.0281691315		0.000085142		0.0001418308

		71.4		-0.4154226068		3.57		22.4309715466		3.57		0.0213995791		0.0293393639		3.57		0.0363144635		0.0001100818		0.0002998986

		71.6		-0.4244979695		3.58		22.4938033997		3.58		0.0393173885		0.039288139		3.58		0.0555825054		-0.0000598803		0.0004578209

		71.8		-0.4335308828		3.59		22.5566352528		3.59		0.0525458039		0.0569727727		3.59		0.0775045698		-0.0003317609		0.0004999036

		72		-0.4425204433		3.6		22.6194671058		3.6		0.0581060453		0.0799761102		3.6		0.0988559088		-0.0005058648		0.000267953

		72.2		-0.4514657522		3.61		22.6822989589		3.61		0.0542712797		0.1048218329		3.61		0.1180380805		-0.0004500292		-0.0002744435

		72.4		-0.4603659148		3.62		22.745130812		3.62		0.0409008007		0.1275973938		3.62		0.1339924266		-0.0002261292		-0.000941183

		72.6		-0.4692200413		3.63		22.8079626651		3.63		0.0194792566		0.1446594912		3.63		0.145965098		-0.0000491644		-0.0013987639

		72.8		-0.4780272461		3.64		22.8707945181		3.64		-0.0071456344		0.1532891815		3.64		0.1534556393		-0.0001059183		-0.0013804897

		73		-0.4867866487		3.65		22.9336263712		3.65		-0.0352764531		0.1521738529		3.65		0.1562091855		-0.0003874099		-0.0008762373

		73.2		-0.4954973729		3.66		22.9964582243		3.66		-0.0610329549		0.1416265971		3.66		0.1542177506		-0.0006817895		-0.0001449698

		73.4		-0.5041585479		3.67		23.0592900773		3.67		-0.0810464537		0.1235035834		3.67		0.1477215718		-0.0007372119		0.0004608507

		73.6		-0.5127693074		3.68		23.1221219304		3.68		-0.0930513071		0.1008372822		3.68		0.1372104341		-0.0004588561		0.0007192881

		73.8		-0.5213287904		3.69		23.1849537835		3.69		-0.096263399		0.0772569119		3.69		0.1234312457		0.0000216404		0.0006419052

		74		-0.5298361409		3.7		23.2477856366		3.7		-0.0914765412		0.056307169		3.7		0.1074172001		0.0004528636		0.0003977741

		74.2		-0.5382905083		3.71		23.3106174896		3.71		-0.0808615689		0.0407947041		3.71		0.0905693172		0.0006464094		0.0001502499

		74.4		-0.5466910471		3.72		23.3734493427		3.72		-0.0675093037		0.032285562		3.72		0.0748322363		0.0005828382		-0.0000454383

		74.6		-0.5550369172		3.73		23.4362811958		3.73		-0.0548067838		0.030847238		3.73		0.0628914592		0.0003705696		-0.0002137735

		74.8		-0.5633272841		3.74		23.4991130489		3.74		-0.0457671285		0.0350818578		3.74		0.0576659934		0.0001226163		-0.0003603096

		75		-0.5715613187		3.75		23.5619449019		3.75		-0.0424413182		0.0424413182		3.75		0.0600210877		-0.0001219641		-0.0004222823

		75.2		-0.5797381977		3.76		23.624776755		3.76		-0.0455236863		0.0497616324		3.76		0.0674435029		-0.0003672866		-0.0003248496

		75.4		-0.5878571034		3.77		23.6876086081		3.77		-0.0542252795		0.0539123842		3.77		0.0764651954		-0.0005748917		-0.0000819141

		75.6		-0.5959172238		3.78		23.7504404611		3.78		-0.0664377274		0.0524358718		3.78		0.0846374165		-0.0006345181		0.0001732625

		75.8		-0.603917753		3.79		23.8132723142		3.79		-0.0791547284		0.0440531752		3.79		0.0905878208		-0.0004425684		0.0002780223

		76		-0.6118578909		3.8		23.8761041673		3.8		-0.0890692638		0.0289403581		3.8		0.0936529662		-0.0000216909		0.0001798608

		76.2		-0.6197368436		3.81		23.9389360204		3.81		-0.0932314809		0.0087222786		3.81		0.0936385988		0.0004426562		-0.000005042

		76.4		-0.6275538231		3.82		24.0017678734		3.82		-0.0896410498		-0.0138144796		3.82		0.0906992704		0.0007081531		-0.0000802948

		76.6		-0.6353080477		3.83		24.0645997265		3.83		-0.0776607011		-0.0352345339		3.83		0.0852798738		0.0006518605		0.0000628751

		76.8		-0.6429987421		3.84		24.1274315796		3.84		-0.0581720351		-0.0520946508		3.84		0.0780886568		0.0003687241		0.0003450267

		77		-0.6506251371		3.85		24.1902634326		3.85		-0.0334439101		-0.0615908251		3.85		0.0700851258		0.0001004047		0.0005589715

		77.2		-0.6581864701		3.86		24.2530952857		3.86		-0.0067383702		-0.0620887913		3.86		0.0624533717		0.0000461267		0.0005439706

		77.4		-0.665681985		3.87		24.3159271388		3.87		0.0182712407		-0.0534377434		3.87		0.0564750445		0.0002112106		0.000323284

		77.6		-0.6731109323		3.88		24.3787589919		3.88		0.0381600254		-0.0370084225		3.88		0.0531583566		0.0004185268		0.0000842944

		77.8		-0.6804725691		3.89		24.4415908449		3.89		0.0503648637		-0.0154490824		3.89		0.0526810558		0.000468291		0.0000180552

		78		-0.6877661592		3.9		24.504422698		3.9		0.0536363495		0.0077938178		3.9		0.0541996456		0.0003057651		0.0001581839

		78.2		-0.6949909732		3.91		24.5672545511		3.91		0.0482453801		0.0290991387		3.91		0.056341606		0.0000551598		0.0003578697

		78.4		-0.7021462887		3.92		24.6300864041		3.92		0.0359072068		0.0453210073		3.92		0.0578214597		-0.0001001773		0.0004206633

		78.6		-0.7092313902		3.93		24.6929182572		3.93		0.0194393123		0.0543430934		3.93		0.0577153243		-0.0000772851		0.0002670014

		78.8		-0.7162455691		3.94		24.7557501103		3.94		0.0022196389		0.0554339691		3.94		0.0554783897		0.0000484587		-0.000007303

		79		-0.7231881241		3.95		24.8185819634		3.95		-0.0124510335		0.049338596		3.95		0.0508854133		0.0001292017		-0.0002229818

		79.2		-0.7300583608		3.96		24.8814138164		3.96		-0.0219613739		0.0380913556		3.96		0.0439687766		0.0000855731		-0.0002687244

		79.4		-0.7368555924		3.97		24.9442456695		3.97		-0.0248609515		0.0245888689		3.97		0.0349668326		-0.0000293464		-0.0001762922

		79.6		-0.7435791389		3.98		25.0070775226		3.98		-0.0211029027		0.0120061129		3.98		0.0242791937		-0.0000956444		-0.0000628061

		79.8		-0.7502283282		3.99		25.0699093756		3.99		-0.0120139444		0.0031684785		3.99		0.012424738		-0.0000507185		-0.0000084888

		80		-0.7568024953		4		25.1327412287		4		-0		0		4		0		0.0000504656		0.0000084464

		80.2		-0.7633009828		4.01		25.1955730818		4.01		0.0119540244		0.0031526757		4.01		0.0123627693		0.0000949445		0.0000622232

		80.4		-0.7697231408		4.02		25.2584049349		4.02		0.0208929236		0.011886649		4.02		0.0240376097		0.0000291313		0.0001739357

		80.6		-0.7760683271		4.03		25.3212367879		4.03		0.0244908132		0.0242227816		4.03		0.0344462346		-0.0000839551		0.0002640024

		80.8		-0.7823359072		4.04		25.384068641		4.04		0.0215264952		0.0373370713		4.04		0.0430981077		-0.0001263538		0.0002181936

		81		-0.7885252544		4.05		25.4469004941		4.05		0.0121436005		0.048120359		4.05		0.0496289833		-0.0000473144		0.000007458

		81.2		-0.7946357498		4.06		25.5097323471		4.06		-0.0021540338		0.0537955266		4.06		0.0538386343		0.0000746787		-0.0002581508

		81.4		-0.8006667822		4.07		25.5725642002		4.07		-0.0187706382		0.0524737978		4.07		0.0557300306		0.0000965693		-0.0004051209

		81.6		-0.8066177486		4.08		25.6353960533		4.08		-0.0344990811		0.0435437129		4.08		0.0555539515		-0.000052571		-0.0003431871

		81.8		-0.8124880539		4.09		25.6982279064		4.09		-0.0461221115		0.027818492		4.09		0.0538620244		-0.0002912734		-0.000151113

		82		-0.8182771111		4.1		25.7610597594		4.1		-0.0510199422		0.0074136316		4.1		0.0515557605		-0.0004442544		-0.0000171975

		82.2		-0.8239843412		4.11		25.8238916125		4.11		-0.0476689343		-0.0146221242		4.11		0.0498611453		-0.000395334		-0.0000793612

		82.4		-0.8296091736		4.12		25.8867234656		4.12		-0.0359371113		-0.034852592		4.12		0.0500617533		-0.0001987002		-0.0003033511

		82.6		-0.8351510458		4.13		25.9495553187		4.13		-0.0171209931		-0.0500736239		4.13		0.0529197148		-0.000043213		-0.0005082758

		82.8		-0.8406094036		4.14		26.0123871717		4.14		0.006282635		-0.0578895494		4.14		0.0582294722		-0.0000931564		-0.0005200066

		83		-0.8459837011		4.15		26.0752190248		4.15		0.031026278		-0.0571384763		4.15		0.0650187312		-0.0003408162		-0.0003196407

		83.2		-0.8512734009		4.16		26.1380508779		4.16		0.0536972632		-0.04808737		4.16		0.072081837		-0.0005999584		-0.0000581908

		83.4		-0.8564779742		4.17		26.2008827309		4.17		0.0713286535		-0.0323616942		4.17		0.0783265987		-0.0006489145		0.0000735309

		83.6		-0.8615969003		4.18		26.263714584		4.18		0.081920768		-0.0126247158		4.18		0.08288785		-0.0004040032		0.0000048008

		83.8		-0.8666296675		4.19		26.3265464371		4.19		0.0847761199		0.0079312366		4.19		0.0851463154		0.0000190981		-0.0001629233

		84		-0.8715757724		4.2		26.3893782902		4.2		0.0805864768		0.0261841336		4.2		0.0847336361		0.0003990393		-0.0002509088

		84.2		-0.8764347205		4.21		26.4522101432		4.21		0.0712580572		0.0396583216		4.21		0.081550556		0.0005697329		-0.0001558295

		84.4		-0.8812060258		4.22		26.5150419963		4.22		0.059510571		0.0469686245		4.22		0.0758126622		0.000513851		0.0000728589

		84.6		-0.8858892113		4.23		26.5778738494		4.23		0.0483284406		0.0480495718		4.23		0.0681498314		0.0003268012		0.0002885861

		84.8		-0.8904838086		4.24		26.6407057024		4.24		0.0403700615		0.0441282401		4.24		0.0598083893		0.0001081568		0.0003735346

		85		-0.8949893582		4.25		26.7035375555		4.25		0.0374482219		0.0374482219		4.25		0.0529597833		-0.000107649		0.0003172658

		85.2		-0.8994054097		4.26		26.7663694086		4.26		0.0401805307		0.0307995653		4.26		0.050626952		-0.0003242452		0.0001873903

		85.4		-0.9037315214		4.27		26.8292012617		4.27		0.0478757152		0.0269461821		4.27		0.0549379726		-0.0005076644		0.0000397806

		85.6		-0.9079672606		4.28		26.8920331147		4.28		0.0586763107		0.0280612829		4.28		0.0650411026		-0.0005604752		-0.0001300245

		85.8		-0.9121122039		4.29		26.9548649678		4.29		0.0699292356		0.0352793362		4.29		0.0783245144		-0.0003910243		-0.0003428346

		86		-0.9161659367		4.3		27.0176968209		4.3		0.0787123727		0.0484503547		4.3		0.0924287536		-0.0000191375		-0.000550722

		86.2		-0.9201280538		4.31		27.0805286739		4.31		0.0824157639		0.0661433886		4.31		0.1056754749		0.0003913917		-0.0006143345

		86.4		-0.9239981587		4.32		27.143360527		4.32		0.0792659283		0.0858984255		4.32		0.1168829624		0.0006262929		-0.0003920816

		86.6		-0.9277758646		4.33		27.2061923801		4.33		0.0686929527		0.1046785568		4.33		0.1252051197		0.0005766599		0.0001217631

		86.8		-0.9314607938		4.34		27.2690242332		4.34		0.0514701878		0.1194362547		4.34		0.1300546007		0.0003262704		0.0007363382

		87		-0.9350525776		4.35		27.3318560862		4.35		0.0295997825		0.1276861064		4.35		0.1310720752		0.0000888645		0.0011551154

		87.2		-0.9385508569		4.36		27.3946879393		4.36		0.0059656213		0.1279753717		4.36		0.1281143411		0.0000408485		0.0011651141

		87.4		-0.9419552819		4.37		27.4575197924		4.37		-0.0161807097		0.120163376		4.37		0.121247896		0.0001870883		0.0007805218

		87.6		-0.9452655122		4.38		27.5203516454		4.38		-0.0338038581		0.1054572067		4.38		0.1107425992		0.0003708151		0.0002269601

		87.8		-0.9484812167		4.39		27.5831834985		4.39		-0.0446285467		0.0861974525		4.39		0.0970654831		0.000415011		-0.0002193706

		88		-0.9516020739		4.4		27.6460153516		4.4		-0.0475413098		0.0654349993		4.4		0.0808821072		0.000271042		-0.0004079201

		88.2		-0.9546277717		4.41		27.7088472047		4.41		-0.0427753824		0.0463791959		4.41		0.0630932893		0.0000488973		-0.0003719013

		88.4		-0.9575580074		4.42		27.7716790577		4.42		-0.0318453056		0.0318216148		4.42		0.0450193143		-0.000088862		-0.0002424674

		88.6		-0.9603924882		4.43		27.8345109108		4.43		-0.017245259		0.023643686		4.43		0.0292647031		-0.000068565		-0.0001141552

		88.8		-0.9631309306		4.44		27.8973427639		4.44		-0.0019696796		0.0225000108		4.44		0.0225860604		0.0000430166		0.0000148759

		89		-0.9657730606		4.45		27.9601746169		4.45		0.0110520409		0.027735378		4.45		0.0298563025		0.0001147023		0.0001875132

		89.2		-0.9683186142		4.46		28.02300647		4.46		0.0194993365		0.0375489054		4.46		0.0423100983		0.0000759836		0.0003895722

		89.4		-0.9707673367		4.47		28.0858383231		4.47		0.0220800844		0.0493718292		4.47		0.0540842643		-0.000026075		0.0005181033

		89.6		-0.9731189832		4.48		28.1486701762		4.48		0.018747668		0.060385169		4.48		0.0632285038		-0.0000849824		0.0004555792

		89.8		-0.9753733187		4.49		28.2115020292		4.49		0.0106760886		0.0680774291		4.49		0.0689094712		-0.0000450706		0.0001823886

		90		-0.9775301177		4.5		28.2743338823		4.5		0		0.0707355303		4.5		0.0707355303		0.0000448707		-0.0001815797

		90.2		-0.9795891644		4.51		28.3371657354		4.51		-0.0106287446		0.0677755337		4.51		0.068603886		0.0000844294		-0.0004523528

		90.4		-0.9815502531		4.52		28.3999975885		4.52		-0.0185817595		0.059850787		4.52		0.0626689595		0.0000259051		-0.0005124418

		90.6		-0.9834131875		4.53		28.4628294415		4.53		-0.021787633		0.0487178977		4.53		0.0533679164		-0.0000747052		-0.0003837793

		90.8		-0.9851777815		4.54		28.5256612946		4.54		-0.0191557358		0.0368872507		4.54		0.0415645459		-0.0001124521		-0.0001840223

		91		-0.9868438585		4.55		28.5884931477		4.55		-0.0108091389		0.0271258092		4.55		0.0292001201		-0.0000421125		-0.0000146703

		91.2		-0.9884112519		4.56		28.6513250007		4.56		0.0019178459		0.0219079053		4.56		0.0219916904		0.0000665057		0.0001107789

		91.4		-0.9898798051		4.57		28.7141568538		4.57		0.0167169579		0.0229193718		4.57		0.0283681914		0.0000860115		0.0002343674

		91.6		-0.9912493711		4.58		28.7769887069		4.58		0.0307328059		0.0307099427		4.58		0.0434465872		-0.000046852		0.000357986

		91.8		-0.9925198129		4.59		28.83982056		4.59		0.0410979164		0.0445604039		4.59		0.0606190426		-0.0002595932		0.0003911035

		92		-0.9936910036		4.6		28.902652413		4.6		0.0454742963		0.0625899993		4.6		0.0773654938		-0.0003960219		0.0002097178

		92.2		-0.9947628261		4.61		28.9654842661		4.61		0.0424987679		0.0820839082		4.61		0.0924332908		-0.0003524931		-0.0002150556

		92.4		-0.9957351731		4.62		29.0283161192		4.62		0.0320478135		0.0999789103		4.62		0.1049897369		-0.0001772055		-0.00073776

		92.6		-0.9966079474		4.63		29.0911479722		4.63		0.0152720738		0.1134155406		4.63		0.1144391589		-0.0000385468		-0.0010970111

		92.8		-0.9973810617		4.64		29.1539798253		4.64		-0.005605627		0.1202527199		4.64		0.1203833033		-0.0000831391		-0.0010832556

		93		-0.9980544388		4.65		29.2168116784		4.65		-0.0276901191		0.1194482931		4.65		0.1226158123		-0.0003042269		-0.0006879195

		93.2		-0.9986280112		4.66		29.2796435315		4.66		-0.0479357543		0.1112346235		4.66		0.1211238127		-0.0005356657		-0.0001138072

		93.4		-0.9991017217		4.67		29.3424753845		4.67		-0.0636917527		0.0970574199		4.67		0.1160895436		-0.0005795059		0.0003623254

		93.6		-0.9994755228		4.68		29.4053072376		4.68		-0.0731685492		0.0792908543		4.68		0.1078919653		-0.0003608644		0.0005657645

		93.8		-0.9997493772		4.69		29.4681390907		4.69		-0.075738154		0.0607842228		4.69		0.0971132829		0.0000170903		0.0005051599

		94		-0.9999232576		4.7		29.5309709437		4.7		-0.0720134473		0.0443269203		4.7		0.0845624767		0.0003566504		0.0003132001

		94.2		-0.9999971464		4.71		29.5938027968		4.71		-0.0636935076		0.0321334081		4.71		0.0713401628		0.0005093181		0.0001183588

		94.4		-0.9999710363		4.72		29.6566346499		4.72		-0.0532064851		0.0254454006		4.72		0.058977949		0.0004594666		-0.000035841

		94.6		-0.99984493		4.73		29.719466503		4.73		-0.0432197259		0.0243256232		4.73		0.0495951676		0.0002922797		-0.0001686443

		94.8		-0.99961884		4.74		29.782298356		4.74		-0.0361116162		0.027680622		4.74		0.045500172		0.0000967479		-0.0002843891

		95		-0.999292789		4.75		29.8451302091		4.75		-0.0335063038		0.0335063038		4.75		0.0473850693		-0.0000963414		-0.0003334737

		95.2		-0.9988668095		4.76		29.9079620622		4.76		-0.0359598867		0.039307508		4.76		0.0532746998		-0.0002902336		-0.0002566544

		95.4		-0.9983409442		4.77		29.9707939152		4.77		-0.0428572964		0.0426099976		4.77		0.0604347561		-0.0004545139		-0.0000647269

		95.6		-0.9977152456		4.78		30.0336257683		4.78		-0.0525386213		0.0414660242		4.78		0.066930844		-0.0005019069		0.0001370765

		95.8		-0.9969897763		4.79		30.0964576214		4.79		-0.0626297329		0.0348562702		4.79		0.0716759584		-0.000350234		0.0002200399

		96		-0.9961646088		4.8		30.1592894745		4.8		-0.0705131672		0.0229111169		4.8		0.0741419316		-0.0000171218		0.0001424081

		96.2		-0.9952398258		4.81		30.2221213275		4.81		-0.0738486367		0.0069089151		4.81		0.0741711146		0.0003507688		-0.0000040142

		96.4		-0.9942155195		4.82		30.2849531806		4.82		-0.0710433216		-0.010948405		4.82		0.0718819944		0.0005613972		-0.0000636503

		96.6		-0.9930917926		4.83		30.3477850337		4.83		-0.061581881		-0.0279395994		4.83		0.0676235852		0.0005170154		0.0000498985

		96.8		-0.9918687573		4.84		30.4106168867		4.84		-0.0461530196		-0.0413312932		4.84		0.0619546368		0.0002925833		0.0002738463

		97		-0.990546536		4.85		30.4734487398		4.85		-0.0265482585		-0.0488916859		4.85		0.0556345844		0.0000797036		0.0004438511

		97.2		-0.9891252608		4.86		30.5362805929		4.86		-0.0053518743		-0.0493133198		4.86		0.0496028837		0.0000366542		0.0004321414

		97.4		-0.9876050739		4.87		30.599112446		4.87		0.0145194459		-0.0424649008		4.87		0.0448785261		0.0001679112		0.0002569387

		97.6		-0.9859861274		4.88		30.661944299		4.88		0.0303403481		-0.0294247293		4.88		0.0422652507		0.0003328685		0.000067019

		97.8		-0.984268583		4.89		30.7247761521		4.89		0.0400653006		-0.0122897608		4.89		0.0419078338		0.0003726165		0.0000143725

		98		-0.9824526126		4.9		30.7876080052		4.9		0.0426901557		0.0062032427		4.9		0.0431384934		0.000243401		0.0001259577

		98.2		-0.9805383978		4.91		30.8504398583		4.91		0.0384194371		0.0231726338		4.91		0.0448667372		0.0000439117		0.000285076

		98.4		-0.9785261299		4.92		30.9132717113		4.92		0.0286089941		0.0361094204		4.92		0.0460691305		-0.0000798435		0.0003352443

		98.6		-0.9764160103		4.93		30.9761035644		4.93		0.0154962469		0.0433201536		4.93		0.046008362		-0.0000616131		0.0002128712

		98.8		-0.9742082499		4.94		31.0389354175		4.94		0.0017703193		0.0442125178		4.94		0.0442479464		0.0000386734		-0.0000058558

		99		-0.9719030694		4.95		31.1017672705		4.95		-0.0099356732		0.0393712029		4.95		0.0406055318		0.0001031289		-0.0001779947

		99.2		-0.9695006995		4.96		31.1645991236		4.96		-0.0175336775		0.0304116468		4.96		0.0351041039		0.0000683267		-0.0002145955

		99.4		-0.9670013802		4.97		31.2274309767		4.97		-0.0198587479		0.0196414104		4.97		0.0279312526		-0.0000234598		-0.0001408429

		99.6		-0.9644053617		4.98		31.2902628298		4.98		-0.016865372		0.0095952468		4.98		0.0194038536		-0.0000764591		-0.0000501978

		99.8		-0.9617129034		4.99		31.3530946828		4.99		-0.0096063403		0.0025335129		4.99		0.0099348106		-0.0000405545		-0.0000067876

		100		-0.9589242747		5		31.4159265359		5		-0		0		5		0
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Symbols
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 QAM
 Phase and amplitude 

modulation
 2-dimensional 

representation
 Angle is phase shift
 Radial distance is new 

amplitude
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Digital error detection and correction
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 Input: decoded symbols
 Some correct
 Some incorrect
 Some erased

 Output:
 Correct blocks (or codewords, or frames, or 

packets)
 Erased blocks



Error Detection Probabilities
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 Definitions
 Pb : Probability of single bit error (BER)

 P1 : Probability that a frame arrives with no bit errors
 P2 : While using error detection, the probability that a 

frame arrives with one or more undetected errors
 P3 : While using error detection, the probability that a 

frame arrives with one or more detected bit errors but 
no undetected bit errors



Error Detection Probabilities
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 With no error detection

 F = Number of bits per frame

( )

0
1
1

3

12

1

=
−=
−=

P
PP
PP F

b



Error Detection Process
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 Transmitter
 For a given frame, an error-detecting code (check 

bits) is calculated from data bits
 Check bits are appended to data bits

 Receiver
 Separates incoming frame into data bits and check 

bits
 Calculates check bits from received data bits
 Compares calculated check bits against received 

check bits
 Detected error occurs if mismatch



Parity
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 Parity bit appended to a block of data
 Even parity
 Added bit ensures an even number of 1s

 Odd parity
 Added bit ensures an odd number of 1s

 Example
 7-bit character 1110001
 Even parity  1110001 0
 Odd parity  1110001 1



Parity: Detecting Bit Flips

Fall 2024© CS/ECE 439 Staff, University of Illinois

 1-bit error detection with parity
 Add an extra bit to a code to ensure an even (odd) 

number of 1s
 Every code word has an even (odd)  number of 1s
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code 

words
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001

Parity Encoding:

 White – invalid 
(error)



Voting: Correcting Bit Flips
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 1-bit error correction with voting
 Every codeword is transmitted n times
 Codeword is 3 bits long

000

111
Voting:

 White – correct to 1

Blue - correct to 0

110
011
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010

100
001

0 1
Valid 
code 

words



Voting: 2-bit Erasure Correction
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 Every code word is copied 3 times

2-erasure planes in green
remaining bit not ambiguous

cannot correct 1-error and 1-
erasure
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Hamming Distance
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 The Hamming distance between two code 
words is the minimum number of bit flips to 
move from one to the other
 Example:
 00101 and 00010 
 Hamming distance of 3



Minimum Hamming Distance
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 The minimum Hamming distance of a code is 
the minimum distance over all pairs of 
codewords
 Minimum Hamming Distance for parity
 2

 Minimum Hamming Distance for voting
 3



Coverage

Fall 2024© CS/ECE 439 Staff, University of Illinois

 N-bit error detection
 No code word changed into another code word
 Requires Hamming distance of N+1

 N-bit error correction
 N-bit neighborhood: all codewords within N bit 

flips
 No overlap between N-bit neighborhoods
 Requires hamming distance of 2N+1



Hamming Codes
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 Linear error-correcting code
 Named after Richard Hamming
 Simple, commonly used in RAM (e.g., ECC-

RAM)
 Can detect up to 2-bit errors
 Can correct up to 1-bit errors



Hamming Codes
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 Construction
 number bits from 1 upward
 powers of 2 are check bits
 all others are data bits
 Check bit j: XOR of all k for which (j AND k) = j

 Example: 
 4 bits of data, 3 

check bits C1

1

C2

2

D3

3

C4

4

D5

5

D6

6

D7

7
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Hamming Codes
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What are we trying to handle?
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 Worst case errors
 We solved this for 1 bit error
 Can generalize, but will get expensive for more bit errors

 Probability of error per bit
 Flip each bit with some probability, independently of others

 Burst model
 Probability of back-to-back bit errors
 Error probability dependent on adjacent bits
 Value of errors may have structure

 Why assume bursts?
 Appropriate for some media (e.g., radio)
 Faster signaling rate enhances such phenomena
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Digital Error Detection Techniques
 Two-dimensional parity
 Detects up to 3-bit errors
 Good for burst errors

 IP checksum
 Simple addition
 Simple in software
 Used as backup to CRC

 Cyclic Redundancy Check (CRC)
 Powerful mathematics
 Tricky in software, simple in hardware
 Used in network adapter



Two-Dimensional Parity
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 Use 1-dimensional parity
 Add one bit to a 7-bit code to 

ensure an even/odd number of 
1s

 Add 2nd dimension
 Add an extra byte to frame

 Bits are set to ensure even/odd 
number of 1s in that position 
across all bytes in frame

 Comments
 Catches all 1-, 2- and 3-bit and 

most 4-bit errors

1

0

1

1

1

0

1111011 0

Parity 
Bits

Parity 
Byte

0101001

1101001

1011110

0001110

0110100

1011111

Data
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Two-Dimensional Parity

0 1 0 0 0 1 1 1 0

0 1 1 0 1 1 1 1 0

0 1 1 0 0 1 0 0 1

0 0 1 0 0 0 1 1 1

0 1 1 0 1 1 1 1 0



What happens if…
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0 1 0 0 0 1 1 1 0

0 1 1 0 1 1 1 1 0

0 1 1 0 0 1 0 0 1

0 0 1 0 0 0 1 1 1

0 1 1 0 1 1 1 1 0

1

Can detect exactly which bit flipped
Can also correct it!
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What about 2-bit errors?

0 1 0 0 0 1 1 1 0

0 1 1 0 1 1 1 1 0

0 1 1 0 0 1 0 0 1

0 0 1 0 0 0 1 1 1

0 1 1 0 1 1 1 1 0

1
Can detect the two-bit error

0

Can’t detect a problem here

Can’t tell 
which bits 
are flipped, 
so can’t 
correct
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What about 2-bit errors?

0 1 0 0 0 1 1 1 0

0 1 1 0 1 1 1 1 0

0 1 1 0 0 1 0 0 1

0 0 1 0 0 0 1 1 1

0 1 1 0 1 1 1 1 0

If these 
four parity 
bits don’t 
match
Which bits 
could be in 
error?

Could be the dotted pair or the dashed pair.
Can’t correct 2-bit error.
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What about 3-bit errors?

0 1 0 0 0 1 1 1 0

0 1 1 0 1 1 1 1 0

0 1 1 0 0 1 0 0 1

0 0 1 0 0 0 1 1 1

0 1 1 0 1 1 1 1 0

1

Can detect the three-bit error

0 0
But you 
can’t 
correct (eg 
if dashed 
bits got
 flipped 
instead of 
the dotted 
ones)



What about 4-bit errors?
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0 1 0 0 0 1 1 1 0

0 1 1 0 1 1 1 1 0

0 1 1 0 0 1 0 0 1

0 0 1 0 0 0 1 1 1

0 1 1 0 1 1 1 1 0

Are there any 4-bit errors this scheme *can* detect?



What about 4-bit errors?
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0 1 0 0 0 1 1 1 0

0 1 1 0 1 1 1 1 0

0 1 1 0 0 1 0 0 1

0 0 1 0 0 0 1 1 1

0 1 1 0 1 1 1 1 0

1

1

1

0

Can you think of a 4-bit error this scheme can’t detect?



Internet Checksum
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 Idea
 Add up all the words
 Transmit the sum
 Use 1’s complement addition on 16bit codewords
 Example

 Codewords:   -5 -3
 1’s complement binary:  1010 1100
 1’s complement sum  1000

 Comments
 Small number of redundant bits
 Easy to implement
 Not very robust 
 Eliminated in IPv6
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IP Checksum
u_short cksum(u_short *buf, int count) {

 register u_long sum = 0;

 while (count--) {

  sum += *buf++;

  if (sum & 0xFFFF0000) {

  /* carry occurred, so wrap around */

   sum &= 0xFFFF;

   sum++;

  }

 }

 return ~(sum & 0xFFFF);

}

What could cause this check to fail?



Simplified CRC-like protocol
using regular integers
 Basic idea
 Both endpoints agree in advance on divisor value C = 3
 Sender wants to send message M = 10
 Sender computes X such that C divides 10M + X
 Sender sends codeword W = 10M + X
 Receiver receives W’ and checks whether C divides W’

 If so, then probably no error
 If not, then error
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Simplified CRC-like protocol
using regular integers
 Intuition
 If C is large, it’s unlikely that bits are flipped exactly to land 

on another multiple of C
 CRC is vaguely like this, but uses polynomials instead of 

numbers
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Cyclic Redundancy Check (CRC)
 Given
 Message M = 10011010
 Represented as Polynomial  M(x)

= 1 ∗x7 + 0 ∗x6 + 0 ∗x5 + 1 ∗x4 + 1 ∗x3 + 0 ∗x2 + 1 ∗x + 0 
= x7 + x4 + x3 + x 

 Select a divisor polynomial C(x) with degree k
 Example with k = 3: 
 C(x) = x3 + x2 + 1
 Represented as 1101

 Transmit a polynomial P(x) that is evenly divisible by 
C(x)
 P(x) = M(x)∗ xk + k check bits How can we determine 

these k bits?
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Properties of Polynomial Arithmetic
 Coefficients are modulo 2

 (x3 + x) + (x2 + x + 1) = …
 …x3 + x2 + 1
 (x3 + x) – (x2 + x + 1) = …
 …x3 + x2 + 1 also!

 Addition and subtraction are both xor!
 Need to compute R such that C(x) divides P(x) = M(x)•xk + 

R(x)
 So R(x) = remainder of M(x)•xk / C(x)

 Will find this with polynomial long division
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CRC - Sender
 Given
 M(x) = 10011010 = x7 + x4 + x3 + x 

 C(x) = 1101  = x3 + x2 + 1 

 Steps
 T(x) = M(x) ∗ xk (add zeros to increase deg. of  M(x) by k)
 Find remainder, R(x), from T(x)/C(x)
 P(x) = T(x) – R(x) ⇒ M(x) followed by R(x)

 Example
 T(x) = 10011010000
 R(x) = 101
 P(x) = 10011010101
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CRC - Receiver
 Receive Polynomial P(x) + E(x)
 E(x) represents errors
 E(x) = 0, implies no errors

 Divide (P(x) + E(x)) by C(x)
 If result = 0, either
 No errors (E(x) = 0, and P(x) is evenly divisible by C(x))
 (P(x) + E(x)) is exactly divisible by C(x), error will not be 

detected
 If result = 1, errors.
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CRC – Example Encoding

1001

1101

1000

1101

1011

1101

1100

1101

1000

1101

1101

k + 1 bit check 
sequence c, 

equivalent to a 
degree-k 

polynomial

101

1101Remainder

m mod c

10011010000 Message plus k 
zeros

Result:

Transmit message 
followed by 
remainder:

10011010101

C(x) = x3 + x2 + 1 = 1101  Generator
M(x) = x7 + x4 + x3 + x = 10011010 Message
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CRC – Example Decoding – No Errors

1001

1101

1000

1101

1011

1101

1100

1101

1101

1101

1101

k + 1 bit check 
sequence c, 

equivalent to a 
degree-k 

polynomial

0

1101Remainder

m mod c

10011010101 Received 
message, no 

errors

Result:

CRC test is passed

C(x) = x3 + x2 + 1  = 1101  Generator 
P(x) = x10 + x7 + x6 + x4 + x2 + 1 = 10011010101 Received Message
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CRC – Example Decoding – with Errors

1000

1101

1011

1101

1101

1101

1101

k + 1 bit check 
sequence c, 

equivalent to a 
degree-k 

polynomial

0101

1101

Remainder

m mod c

10010110101 Received 
message

Result:

CRC test failed

Two bit errors

C(x) = x3 + x2 + 1  = 1101  Generator 
P(x) = x10 + x7 + x5 + x4 + x2 + 1 = 10010110101 Received Message
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CRC Error Detection
 Properties
 Characterize error as E(x)
 Error detected unless C(x) divides E(x)
 (i.e., E(x) is a multiple of C(x))
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Example of Polynomial Multiplication
 Multiply 
 1101 by 10110
 x3 + x2 + 1 by x4 + x2 + x

1011
10110

1101
1101

1101
00011111110

This is a multiple of c, so 
that if errors occur 
according to this 

sequence, the CRC test 
would be passed
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CRC Error Detection
 What errors can we detect?
 All single-bit errors, if xk and x0 have non-zero coefficients
 All double-bit errors, if C(x) has at least three terms
 All odd bit errors, if C(x) contains the factor (x + 1)
 Any bursts of length < k, if C(x) includes a constant term
 Most bursts of length ≥ k
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Common Polynomials for C(x)

CRC C(x)

CRC-8 x8 + x2 + x1 + 1

CRC-10 x10 + x9 + x5 + x4 + x1 + 1

CRC-12 x12 + x11 + x3 + x2 + x1 + 1

CRC-16 x16 + x15 + x2 + 1

CRC-CCITT x16 + x12 + x5 + 1

CRC-32 x32 + x26 + x23 + x22 + x16 + x12 + x11 + x10 + x8 + x7 + x5 + 

x4 + x2 + x1 + 1
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Error Detection vs. Error Correction
 Detection
 Pro: Overhead only on messages with errors
 Con: Cost in bandwidth and latency for retransmissions

 Correction
 Pro: Quick recovery
 Con: Overhead on all messages

 What should we use?
 Correction if retransmission is too expensive
 Correction if probability of errors is high
 Detection when retransmission is easy and probability of 

errors is low
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