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Tactical Approaches
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Tactical Approach Guide Notes & Disclaimers:
All of these approaches assume an execution altitude of 500’ AGL. 
If executing "turning" approaches from higher AGL altitudes, then plan to extend downwind segments to give a long enough final to intercept the desired glidepath. For Straight-Ins, plan to increase slowdown distance by 
1 NM for every 500’ increase of altitude.
Variations are authorized!  Refer to Vol 25 for more ideas or get with an Instructor…   These examples are provided as a solid starting point; feel free to tweak the approaches.  Approach timing math is listed in this guide to help you calculate your own variations (higher entry airspeeds, longer finals, etc).
Wind analysis is EVERYTHING!  Don’t rely on these no-wind calculations exclusively, winds can and will affect these numbers significantly…

Calculating in KTAS (vs KIAS) keeps the playing field level in terms of density altitude, temp, etc…   Doing the math ahead of time in terms of TAS will save you from unwanted surprises downstream!  (go-arounds, etc)
What is the "right" length to use for a final approach?  Often 0.5 NM is referenced, but that distance leaves little-to-no room to make inevitable corrections once rolled out on final.  Using a 1.0 NM final is more conservative and comfortable, but leaves one exposed for a longer time in a vulnerable position.  Most experienced aviators will agree that planning for a 0.75 NM final is the best compromise of threat exposure and wiggle-room availability.  Try several different distances and determine what is most comfortable for you.  Keep in mind crew experience as well as threat level!
How aggressive should the approach be?  After all, why limit bank angle to 45˚ when one could use 60˚?  In line with the considerations of how long final should be, bank angle in maneuver execution is a function of both limiting threat exposure balanced with crew capability…  Keep in mind how bank angle can affect MWS coverage – for more info on that, reference Vol 25 or see an Instructor.  Smaller bank angles slow the approach pacing down, but also yield a larger overall groundtrack through maneuver execution.  Both of those factors increase threat exposure.  On the other hand, 60˚AOB turns can be pretty sporty at 500’ AGL and require very precise entry parameter calculations – much like a short final, using max bank angles leaves little room for corrections as the maneuver progresses.  Most experienced aviators will agree that 45˚AOB is generally the best "happy medium".
*** This product is both a compilation of many separate peoples’ work along with my own 2¢.  Thanks to those other folks and their great work! ***
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Tactical Straight-In

1. Suggested Techniques  

(Information below is based on a 5º glidepath final)

a. Establish desired entry altitude and airspeed

b. Determine the required slowdown distance to
slowdown based on airspeed and altitude

1. Use 0.25 NM per 10 KTAS to determine 
slowdown distance based on airspeed 

(1) 250T to 110T = 140 knots

(2) 140 ÷ 10 = 14

(3) 14 x 0.25 NM = 3.5 NM required for slowdown

plus 1.0 NM final equals 4.5 NM total

2. Determine the distance required from the appr end to 
intercept an acceptable glidepath

(1) A 3º glidepath = 300 ft/NM

(2) 500 ft ÷ 300 ft/NM = 1.67 NM

(3) 500 ft per NM = 5º glide path

3. A slowdown from 250 KTAS to intercept a 5º 
glidepath requires 4.5 NM (see Level Slowdown charts)

c. Execute a level slowdown and configure on speed...
1. Flaps 50% by 2.5 NM
2. Gear down by 2.0 NM
3. Flaps 100% by 1.5 NM
4. Threshold speed by 1.0 NM 

	 
	Avg Speed
	Dist (NM)
	[image: image6.png]


Time (Sec)

	A-B
	195
	0.9
	16"

	B-C
	155
	0.3
	6"

	C-D
	140
	0.9
	24"

	D-E
	120
	0.75
	23"

	Total from Break: 1 min + 10"


5. Intercept glidepath... 

2. Considerations
a. Deceleration factor based on heavy-weight aircraft
b. Increase slowdown distance 1 NM per 500 feet
of increased altitude
c. Increase SD .15 NM per 10 knots of tailwind
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If planning with KIAS is preferred, 

use SMOE x .25 NM as deceleration factor per 10 KIAS
3.    Approach Timing Considerations
Average Speed during slowdown (250T -> 110T) = 180T (3 NM/min)

· [image: image8.bmp]3.5 NM at 180T ≈ 1.2 minutes

· 1.0 NM at 110T ≈ 0.6 minutes
Total for 4.5 NM Slowdown through Landing ≈ 1.8 minutes






 Tactical Beam

1. Suggested Techniques
(Calculations below are based on 220 KTAS initial entry airspeed)
a. Enter at 220 KTAS perpendicular to the LZ
b. Cross the runway at least 1500 to 2000 feet from the approach end
c. Delay break up to 1 - 2 seconds depending on the winds!
d. Break left/right using 45º AOB and reduce power to flight idle
e. Extend flaps to 50% on speed
f. Expect to roll out with approximately 3 – 4000 ft spacing at about 160 KIAS
g. Fly a drift-killed heading to parallel final and extend gear as speed permits
h. Roll off the perch approx 5-6 seconds after rolling out of break turn onto downwind
i. Expect to roll off the perch with the gear in transit and not more the 150 KIAS
j. Use 45º AOB in the final turn and maintain 140 KIAS (or approach speed)
k. Rolling out on final, extend flaps to 100% and slow to threshold speed
l. Expect about a ½ - 1 NM final depending on winds.  Expect to descend in the final turn (once you consider yourself established on your desired glidepath profile)
2. Considerations

a. A break turn using 30º AOB requires a 30º AOB turn to final (downwind lateral offset from LZ centerline should be approx 1 NM)
b. Plan CAREFULLY for undershooting / overshooting winds…










Tactical Teardrop

1. Suggested Techniques
(Information below is based on the more conservative 1.5 DTG Teardrop Break and 

220 KTAS initial entry airspeed)
1.1. Enter at 220 KTAS
1.2. Initiate a break at 1.5 NM DTG from the approach end of the landing zone
1.3. Break left/right using 30˚ AOB and reduce power to Flight Idle
1.4. Roll out on a 30˚ offset from ingress heading (which is opposite from final course) 
1.5. Extend flaps to 50% on speed
1.6. Abeam the approach end of the landing runway, turn to parallel final...
1.7. Expect to turn to parallel with approximately 5,000 feet / 0.8 NM lateral spacing
1.8. Fly a drift killed heading to parallel final and extend gear as speed permits
1.9. Roll off the perch 15 - 17 seconds after passing abeam the approach end
1.10. Expect to roll off the perch with the gear in transit and not more than 150 KIAS
1.11. Use 30 - 45˚ AOB in the final turn (5000 ft offset spacing requires ~35˚ AOB)
1.12. Maintain 140 KIAS / approach speed until established on final
1.13. Rolling out on final, extend flaps to 100% and slow to threshold speed
1.14. Plan for a 0.75 NM final; expect descent in the final turn to meet desired glidepath
2. Consideration:  Plan CAREFULLY for undershooting / overshooting winds…


	 
	Avg Speed
	Dist (NM)
	Time (Sec)

	A-B
	195
	1.7
	30"

	B-C
	155
	0.75
	17"

	C-D
	140
	1.3
	34"

	D-E
	120
	0.75
	23"

	Total from Break: 1 min + 44"











***  Initiating break turn at 1.5 DTG will give ~5000’ lateral offset from LZ centerline and requires ~35˚ AOB turn-to-final
***  Initiating break turn at 1.0 DTG will give ~3600’ lateral offset from LZ centerline and requires ~45˚ AOB turn-to-final
Teardrop Variants   --  " The CLUB "
1. Suggested Techniques
(Timing calculations below are based on 220 KTAS initial entry airspeed)
a. Enter maneuver on extended runway centerline & opposite direction of final…
b. Break left/right using 45˚ AOB once crossing the approach end of the LZ, cut power to Flight Idle
c. Hold 45˚AOB turn until offset 60˚ from initial ingress heading…

d. Upon reaching 60˚ heading offset, turn opposite direction using 45˚AOB

e. Configure as speed throughout maneuver permits, and complete checklists…
f. Expect to roll off the perch with the gear in transit and not more than 150 KIAS

g. Maintain 140 KIAS / approach speed until established on final

h. Rolling out on final, extend flaps to 100% and slow to threshold speed

i. Plan for a ~0.75 NM final; expect descent in the final turn to meet desired glidepath

2. Consideration:  Plan CAREFULLY for undershooting / overshooting winds…











	 
	Avg Speed
	Dist (NM)
	Time (Sec)

	A-B
	200
	0.6
	11"

	B-C
	180
	0.3
	6"

	C-D
	160
	0.4
	5"

	D-E
	140
	0.9
	24"

	E-A
	120
	0.75
	23"


                   Total from Break:  1 min + 9”
Other Teardrop Variants

[image: image2]
Tactical Steep Considerations

· PLAN at least 4000' AGL

· Consider all surrounding terrain, not just runway elevation
· Based on experience…
· Plan to lose ~1000' of altitude per 90 degrees of turn

-  At 130K GW, ~1250' per 90 (30º AOB) or ~ 750' (45º AOB)

· Plan 25-30 seconds per 90º turn (45º AOB)

· 2250 - 2500 fpm descent rate (level or turning)

· Timing - compare:

-  4 turns at 25 sec each = 1 min 40 sec

-  4000 feet at 2250-2500 fpm = 1 min 40 sec

· COMMON ERRORS

· Ground references from 4000' / 8000' / 12000', etc AGL?

· Not retarding throttles to flight idle during descent

· Airspeed/bank angle control in descent

· Failure to account for winds

· Failure to adjust final turn for altitude or position
· NOT RECOMMENDED!
· Slipping aircraft to lose altitude/airspeed

· Excessive bank angle, rudder turns

· Flying less than approach speed

· OTHER CONSIDERATIONS

· Standard turn rate/radius charts are based on level turns and do not apply to tactical steep approaches

· 45˚ AOB descending turn compares to 30˚ AOB level turn

· Use other planning tools based on experience

· Greatest descent rates are for light-weight aircraft

· Energy dissipation problem -- heavy aircraft can’t lower the nose as far without overspeeding flaps, thus require a lower descent rate

· Descent rates are about the same for level or turning

· Airspeed is the limiting factor (145 KIAS max)

________________________________________________________________________________________________________________________________________________________
SAFELY MANEUVERING AT MAX EFFORT THRESHOLD SPEED ?!? …  Yes!
· Worst case - max GW 130,000 lbs assault landing: 

50% flap speeds are 143, 133, 115 KIAS

Max Effort speeds are 128, 118, 108 KIAS

50% flap, 45˚ AOB stall speed is 118 KIAS 

100% flap, 45˚ AOB stall speed is 108 KIAS 
· Threat reactions at Max effort threshold speed...

Same as 50% flap, 45˚ AOB stall speed (power off) 
10 kts above on 100%, 45˚ AOB stall (power off)
· So, at 100% flaps, using 30º AOB and power ON to execute threat reactions gives a three-way pad on stall speed
· Bottom line - You can safely maneuver at threshold speed!
Tactical Steep Execution
1. Suggested Techniques

a. Enter initial at an altitude approximately 4,000 feet above field elevation (as a min)

b. Slow to 140 KIAS and configure with flaps 50% and gear down at approx 4 NM

c. Initiate break at 1.0 – 0.5 NM from the approach end (depending on winds)

d. Simultaneously reduce power to flight idle and track flaps to 100%

e. Let the nose to drop to maintain 140 KIAS and break left/right using 30˚ AOB (45˚ AOB is max).  As a general rule, look for 8-10˚ nose-low and ~2500 VVI…

f. Ensure power is set at zero torque (out of NTS) and use pitch to maintain 140 KIAS
g. Plan to make a continuous turn to final and cross check altitude through every 90˚
h. Expect to lose about 1000 feet per 90˚ of turn
i. Roll out on final and slow to approach speed
j. Expect ~ 0.5 – 0.75 NM final and to roll out on a steep glideslope (≥5˚)
2. Consideration: 

a. Plan CAREFULLY for undershooting / overshooting winds, and consider the difference between winds at altitude and winds on the surface….
b. To help remain unpredictable, consider Figure-8s etc when executing from higher altitudes


[image: image3]
“Minimum Spacing” LZ Operations
· The MATH

· Stick with feet and seconds for units
· Knots x 1.69 = feet per second
· When slowing (straight ahead or turning):
(Starting speed + ending speed) divided by 2 = average speed 

Level deceleration ~ 0.25 NM per 10 KTAS lost
· 90 degree turn:
Distance (feet) = 1.57 multiplied by radius in feet (1.57 = ½ Pi)
Time (sec) = distance (ft) divided by speed (feet per sec)

or... 90˚ divided by turn rate (degrees per sec)

· LANDING / GROUND OPERATIONS

· Landing Roll-out:
Touchdown ~100 KIAS to rollout 20 KIAS = 65 KIAS average

(Assuming pilot doesn’t stomp on the brakes) 

        
65 x 1.69 ≈ 100 feet per second
3500 ft gives you 35 seconds, and 5000 ft gives you 50 seconds

· 90˚ turn ≈ 10 seconds

· 180˚ turn ≈ 25 seconds

· Taxi Ops:
Down the LZ, 25 knots ≈ 40 fps

Down the taxiway, 15 knots ≈ 25 fps

· Landing to clear at THE END:
    

   35 sec for 3500 ft LZ 

 

   10 sec for 90˚ turn 

+ 10  sec to clear the LZ
=  55 sec (round up to use 1 minute spacing for planning!)

· Add 15 seconds for a 5000 ft LZ…
(Longer than that, and you can probably do a formation landing)
· Landing with back taxi to clear at:

                                             MIDFIELD             APPROACH END 

      3500 ft LZ:                         35 sec                          35 sec         

      180˚ turn:                           25 sec                          25 sec

      Back taxi at 25 knots:        40 sec (1500 ft)           100 sec (3500 ft)

      90˚ turn:                             10 sec                          10 sec

      Clear the LZ        :           + 10  sec                      + 10 sec

  
                           = 120 sec (2 min)        = 180 sec (3 min)

· Add 15 seconds for a 5000 ft LZ…
(Longer than that, and you can probably do a formation landing)
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TURN RADIUS from TRUE AIRSPEED




* For checklist versions of both this diagram and more, reference local 36 AS drive M:\Tactics\Gouge and Study Materials\Hydro's Gouge\Wally's Gouge...  "Checklist Rate and Turn Guide"
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5 – 6 sec after break turn rollout
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Flaps 50%


Gear in transit





Break Point


1 – 2" past LZ (winds!)


Use 45º AOB


Power to flight idle


Flaps 50% on speed





220 KIAS  





½ - 1 NM  Final








    3 – 4000 ft  





Variations of teardrop: 


A normal downwind entry will set you up for the same base turn… 


A turning or straight ahead slowdown may be used…
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45º AOB
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Gear down speed permitting


Expect 5000ft / 0.8NM spacing
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-->  Turn radius at 195 kts ~ 3500'


-->  Turn radius at 140 kts ~ 1800'
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Switching Directions….


Make it a smooth, controlled                                       roll to opposite direction!


Turn should take 4-6 seconds…
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How do you get DTG and determine lateral offset?





Use SCNS!  Put the approach end coords in the RENDEVOUZ page for DTG and use your SCNS final course   crosstrack to determine lateral offset





Assuming ~150 kts, timing for 15-18” past abeam approach end will give ~ 0.75 mile final
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Note: Distance shown is to the threshold.  
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Note: Distance shown is to the perch point.  Offset ~4000 feet from LZ, abeam 0.75-1.0 NM final.  Perch at 140 KIAS
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ASSUMPTIONS: Flight idle power, level slowdown, configuring on-speed, heavy gross weight, 210-110 KTAS, no wind.

* Increase slowdown distances by .15 NM for each 10 knots of tailwind component.

* Adjust slowdown distances +/- .25 NM for every 10 KTAS faster/slower than 210 KTAS.

TACTICAL ST-IN, LEVEL SLOWDOWN ( 210 to 110 KTAS),  3˚ glideslope  (~600 VVI)
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TACTICAL ST-IN, LEVEL SLOWDOWN (210 to 110 KTAS),  5˚ glideslope  (~1000 VVI)
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ASSUMPTIONS: Flight idle power, level slowdown, configuring on-speed, heavy gross weight, 210-110 KTAS, no wind.

* Increase slowdown distances by .15 NM for each 10 knots of tailwind component.

* Adjust slowdown distances +/- .25 NM for every 10 KTAS faster/slower than 210 KTAS.
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New Turn Rate

		120		120		120		120		120		120		120		120		120

		130		130		130		130		130		130		130		130		130

		140		140		140		140		140		140		140		140		140

		150		150		150		150		150		150		150		150		150

		160		160		160		160		160		160		160		160		160

		170		170		170		170		170		170		170		170		170

		180		180		180		180		180		180		180		180		180

		190		190		190		190		190		190		190		190		190

		200		200		200		200		200		200		200		200		200

		210		210		210		210		210		210		210		210		210

		220		220		220		220		220		220		220		220		220

		230		230		230		230		230		230		230		230		230

		240		240		240		240		240		240		240		240		240

		250		250		250		250		250		250		250		250		250

		260		260		260		260		260		260		260		260		260

		270		270		270		270		270		270		270		270		270

		280		280		280		280		280		280		280		280		280



20 Degrees

25 Degrees

30 Degrees

35 Degrees

40 Degrees

45 Degrees

50 Degrees

55 Degrees

60 Degrees

True Airspeed (Knots)

Turn Rate (º/sec)

3.3112676614

4.242296001

5.2525209384

6.3702312999

7.6338206075

9.0976331361

10.8421369777

12.9927666317

15.7575628243

3.0565547644

3.9159655394

4.8484808662

5.8802135076

7.0466036377

8.3978152025

10.008126441

11.9933230447

14.545442607

2.838229424

3.6362537152

4.5021608043

5.460198257

6.5432748064

7.7979712595

9.2932602666

11.1366571129

13.5064824208

2.6490141291

3.3938368008

4.2020167507

5.0961850399

6.107056486

7.2781065089

8.6737095822

10.3942133054

12.6060502594

2.483450746

3.1817220008

3.9393907038

4.7776734749

5.7253654556

6.8232248521

8.1316027333

9.7445749738

11.8181721182

2.337365408

2.9945618831

3.7076618389

4.4966338587

5.3885792523

6.4218586843

7.6532731608

9.1713646812

11.122985523

2.2075117743

2.828197334

3.5016806256

4.2468208666

5.0892137383

6.0650887574

7.2280913185

8.6618444212

10.5050418828

2.091326944

2.6793448428

3.3173816453

4.0233039789

4.8213603837

5.7458735596

6.8476654596

8.2059578727

9.9521449416

1.9867605968

2.5453776006

3.151512563

3.8221387799

4.5802923645

5.4585798817

6.5052821866

7.795659979

9.4545376946

1.8921529494

2.4241691434

3.0014405362

3.6401321713

4.3621832043

5.1986475063

6.1955068444

7.4244380753

9.0043216139

1.8061459971

2.3139796369

2.8650114209

3.4746716181

4.1639021495

4.962345347

5.9138928969

7.0869636173

8.5950342678

1.7276179103

2.2133718266

2.740445707

3.3235989391

3.9828629256

4.7465912014

5.6567671188

6.7788347644

8.2213371257

1.6556338307

2.1211480005

2.6262604692

3.1851156499

3.8169103037

4.548816568

5.4210684889

6.4963833159

7.8787814121

1.5894084775

2.0363020805

2.5212100504

3.0577110239

3.6642338916

4.3668639053

5.2042257493

6.2365279832

7.5636301556

1.5282773822

1.9579827697

2.4242404331

2.9401067538

3.5233018188

4.1989076013

5.0040632205

5.9966615223

7.2727213035

1.4716745162

1.8854648893

2.3344537504

2.831213911

3.3928091589

4.0433925049

4.8187275457

5.7745629474

7.0033612552

1.419114712

1.8181268576

2.2510804022

2.7300991285

3.2716374032

3.8989856298

4.6466301333

5.5683285565

6.7532412104



New Turn Radius

		120		120		120		120		120		120		120		120		120

		130		130		130		130		130		130		130		130		130

		140		140		140		140		140		140		140		140		140

		150		150		150		150		150		150		150		150		150

		160		160		160		160		160		160		160		160		160

		170		170		170		170		170		170		170		170		170

		180		180		180		180		180		180		180		180		180

		190		190		190		190		190		190		190		190		190

		200		200		200		200		200		200		200		200		200

		210		210		210		210		210		210		210		210		210

		220		220		220		220		220		220		220		220		220

		230		230		230		230		230		230		230		230		230

		240		240		240		240		240		240		240		240		240

		250		250		250		250		250		250		250		250		250

		260		260		260		260		260		260		260		260		260

		270		270		270		270		270		270		270		270		270

		280		280		280		280		280		280		280		280		280



20 Degrees

25 Degrees

30 Degrees

35 Degrees

40 Degrees

45 Degrees

50 Degrees

55 Degrees

60 Degrees

True Airspeed (Knots)

Turn Radius (ft)

3509.2488134654

2739.0974389729

2212.2828729491

1824.1193396025

1522.1817107452

1277.2621118012

1071.7501665642

894.3485587914

737.4276238906

4118.4933991365

3214.6351887946

2596.3597606139

2140.8067249501

1786.4493688607

1499.0090062112

1257.8179038149

1049.6174058038

865.4532530383

4776.4775516613

3728.215958602

3011.1627992918

2482.8291011256

2071.8584396254

1738.4956521739

1458.7710600457

1217.3077605772

1003.7209325178

5483.2012710398

4279.8397483951

3456.6919889829

2850.1864681289

2378.4089230394

1995.7220496894

1674.6096352566

1397.4196231115

1152.2306623291

6238.6645572719

4869.506558174

3932.9473296873

3242.87882596

2706.1008191026

2270.6881987578

1905.3336294475

1589.9529934069

1310.9824424722

7042.8674103577

5497.2163879386

4439.9288214047

3660.9061746189

3054.934127815

2563.3940993789

2150.9430426184

1794.9078714633

1479.9762729471

7895.8098302973

6162.969237689

4977.6364641354

4104.2685141056

3424.9088491767

2873.8397515528

2411.4378747695

2012.2842572806

1659.2121537539

8797.4918170905

6866.7651074251

5546.0702578793

4572.9658444201

3816.0249831876

3202.0251552795

2686.8181259006

2242.082150859

1848.6900848924

9747.9133707374

7608.6039971469

6145.2302026363

5066.9981655625

4228.2825298478

3547.950310559

2977.0837960117

2484.3015521983

2048.4100663628

10747.0744912379

8388.4859068545

6775.1162984066

5586.3654775326

4661.6814891572

3911.6152173913

3282.2348851029

2738.9424612986

2258.372098165

11794.9751785922

9206.4108365477

7435.7285451899

6131.0677803306

5116.2218611158

4293.0198757764

3602.2713931741

3006.0048781599

2478.576180299

12891.6154328002

10062.3787862268

8127.0669429865

6701.1050739563

5591.9036457237

4692.1642857143

3937.1933202254

3285.4888027822

2709.0223127648

14036.9952538618

10956.3897558915

8849.1314917963

7296.4773584099

6088.7268429808

5109.048447205

4287.0006662568

3577.3942351656

2949.7104955624

15231.1146417771

11888.443745542

9601.9221916192

7917.1846336913

6606.6914528871

5543.6723602484

4651.6934312683

3881.7211753098

3200.6407286919

16473.9735965461

12858.5407551782

10385.4390424554

8563.2268998005

7145.7974754427

5996.0360248447

5031.2716152598

4198.4696232151

3461.8130121531

17765.5721181688

13866.6807848002

11199.6820443047

9234.6041567376

7706.0449106475

6466.1394409938

5425.7352182313

4527.6395788814

3733.2273459462

19105.9102066452

14912.8638344079

12044.6511971672

9931.3164045024

8287.4337585016

6953.9826086957

5835.0842401829

4869.2310423087

4014.8837300711



Data

		Bank		G						10		True Airspeed		Turn Radius		Turn Rate		15		True Airspeed		Turn Radius		Turn Rate		20		True Airspeed		Turn Radius		Turn Rate		25		True Airspeed		Turn Radius		Turn Rate		30		True Airspeed		Turn Radius		Turn Rate		35		True Airspeed		Turn Radius		Turn Rate		40		True Airspeed		Turn Radius		Turn Rate		45		True Airspeed		Turn Radius		Turn Rate		50		True Airspeed		Turn Radius		Turn Rate		55		True Airspeed		Turn Radius		Turn Rate		60		True Airspeed		Turn Radius		Turn Rate

		10		1.0154266119		0.1763269807				0.176326981		120		7244		1.6041581851		0.267949192		120		4767		2.4377034479		0.363970234		120		3509		3.3112676614		0.466307658		120		2739		4.242296001		0.577350269		120		2212		5.2525209384		0.700207538		120		1824		6.3702312999		0.839099631		120		1522		7.6338206075		1		120		1277		9.0976331361		1.191753593		120		1072		10.8421369777		1.428148007		120		894		12.9927666317		1.732050808		120		737		15.7575628243

		15		1.0352761804		0.2679491924				0.176326981		130		8501		1.4807614017		0.267949192		130		5594		2.2501877981		0.363970234		130		4118		3.0565547644		0.466307658		130		3215		3.9159655394		0.577350269		130		2596		4.8484808662		0.700207538		130		2141		5.8802135076		0.839099631		130		1786		7.0466036377		1		130		1499		8.3978152025		1.191753593		130		1258		10.008126441		1.428148007		130		1050		11.9933230447		1.732050808		130		865		14.545442607

		20		1.0641777725		0.3639702343				0.176326981		140		9859		1.3749927301		0.267949192		140		6488		2.0894600982		0.363970234		140		4776		2.838229424		0.466307658		140		3728		3.6362537152		0.577350269		140		3011		4.5021608043		0.700207538		140		2483		5.460198257		0.839099631		140		2072		6.5432748064		1		140		1738		7.7979712595		1.191753593		140		1459		9.2932602666		1.428148007		140		1217		11.1366571129		1.732050808		140		1004		13.5064824208

		25		1.103377919		0.4663076582				0.176326981		150		11318		1.2833265481		0.267949192		150		7448		1.9501627583		0.363970234		150		5483		2.6490141291		0.466307658		150		4280		3.3938368008		0.577350269		150		3457		4.2020167507		0.700207538		150		2850		5.0961850399		0.839099631		150		2378		6.107056486		1		150		1996		7.2781065089		1.191753593		150		1675		8.6737095822		1.428148007		150		1397		10.3942133054		1.732050808		150		1152		12.6060502594

		30		1.1547005384		0.5773502692				0.176326981		160		12878		1.2031186388		0.267949192		160		8474		1.8282775859		0.363970234		160		6239		2.483450746		0.466307658		160		4870		3.1817220008		0.577350269		160		3933		3.9393907038		0.700207538		160		3243		4.7776734749		0.839099631		160		2706		5.7253654556		1		160		2271		6.8232248521		1.191753593		160		1905		8.1316027333		1.428148007		160		1590		9.7445749738		1.732050808		160		1311		11.8181721182

		35		1.2207745888		0.7002075382				0.176326981		170		14538		1.1323469542		0.267949192		170		9567		1.7207318456		0.363970234		170		7043		2.337365408		0.466307658		170		5497		2.9945618831		0.577350269		170		4440		3.7076618389		0.700207538		170		3661		4.4966338587		0.839099631		170		3055		5.3885792523		1		170		2563		6.4218586843		1.191753593		170		2151		7.6532731608		1.428148007		170		1795		9.1713646812		1.732050808		170		1480		11.122985523

		40		1.3054072893		0.8390996312				0.176326981		180		16298		1.0694387901		0.267949192		180		10725		1.625135632		0.363970234		180		7896		2.2075117743		0.466307658		180		6163		2.828197334		0.577350269		180		4978		3.5016806256		0.700207538		180		4104		4.2468208666		0.839099631		180		3425		5.0892137383		1		180		2874		6.0650887574		1.191753593		180		2411		7.2280913185		1.428148007		180		2012		8.6618444212		1.732050808		180		1659		10.5050418828

		45		1.4142135624		1				0.176326981		190		18160		1.013152538		0.267949192		190		11950		1.5396021776		0.363970234		190		8797		2.091326944		0.466307658		190		6867		2.6793448428		0.577350269		190		5546		3.3173816453		0.700207538		190		4573		4.0233039789		0.839099631		190		3816		4.8213603837		1		190		3202		5.7458735596		1.191753593		190		2687		6.8476654596		1.428148007		190		2242		8.2059578727		1.732050808		190		1849		9.9521449416

		50		1.5557238269		1.1917535926				0.176326981		200		20121		0.9624949111		0.267949192		200		13241		1.4626220688		0.363970234		200		9748		1.9867605968		0.466307658		200		7609		2.5453776006		0.577350269		200		6145		3.151512563		0.700207538		200		5067		3.8221387799		0.839099631		200		4228		4.5802923645		1		200		3548		5.4585798817		1.191753593		200		2977		6.5052821866		1.428148007		200		2484		7.795659979		1.732050808		200		2048		9.4545376946

		55		1.7434467956		1.4281480067				0.176326981		210		22184		0.9166618201		0.267949192		210		14598		1.3929733988		0.363970234		210		10747		1.8921529494		0.466307658		210		8388		2.4241691434		0.577350269		210		6775		3.0014405362		0.700207538		210		5586		3.6401321713		0.839099631		210		4662		4.3621832043		1		210		3912		5.1986475063		1.191753593		210		3282		6.1955068444		1.428148007		210		2739		7.4244380753		1.732050808		210		2258		9.0043216139

		60		2		1.7320508076				0.176326981		220		24347		0.8749953737		0.267949192		220		16022		1.3296564261		0.363970234		220		11795		1.8061459971		0.466307658		220		9206		2.3139796369		0.577350269		220		7436		2.8650114209		0.700207538		220		6131		3.4746716181		0.839099631		220		5116		4.1639021495		1		220		4293		4.962345347		1.191753593		220		3602		5.9138928969		1.428148007		220		3006		7.0869636173		1.732050808		220		2479		8.5950342678

										0.176326981		230		26611		0.8369520966		0.267949192		230		17511		1.2718452772		0.363970234		230		12892		1.7276179103		0.466307658		230		10062		2.2133718266		0.577350269		230		8127		2.740445707		0.700207538		230		6701		3.3235989391		0.839099631		230		5592		3.9828629256		1		230		4692		4.7465912014		1.191753593		230		3937		5.6567671188		1.428148007		230		3285		6.7788347644		1.732050808		230		2709		8.2213371257

										0.176326981		240		28975		0.8020790926		0.267949192		240		19067		1.218851724		0.363970234		240		14037		1.6556338307		0.466307658		240		10956		2.1211480005		0.577350269		240		8849		2.6262604692		0.700207538		240		7296		3.1851156499		0.839099631		240		6089		3.8169103037		1		240		5109		4.548816568		1.191753593		240		4287		5.4210684889		1.428148007		240		3577		6.4963833159		1.732050808		240		2950		7.8787814121

										0.176326981		250		31440		0.7699959289		0.267949192		250		20689		1.170097655		0.363970234		250		15231		1.5894084775		0.466307658		250		11888		2.0363020805		0.577350269		250		9602		2.5212100504		0.700207538		250		7917		3.0577110239		0.839099631		250		6607		3.6642338916		1		250		5544		4.3668639053		1.191753593		250		4652		5.2042257493		1.428148007		250		3882		6.2365279832		1.732050808		250		3201		7.5636301556

										0.176326981		260		34005		0.7403807008		0.267949192		260		22378		1.125093899		0.363970234		260		16474		1.5282773822		0.466307658		260		12859		1.9579827697		0.577350269		260		10385		2.4242404331		0.700207538		260		8563		2.9401067538		0.839099631		260		7146		3.5233018188		1		260		5996		4.1989076013		1.191753593		260		5031		5.0040632205		1.428148007		260		4198		5.9966615223		1.732050808		260		3462		7.2727213035

										0.176326981		270		36671		0.7129591934		0.267949192		270		24132		1.0834237546		0.363970234		270		17766		1.4716745162		0.466307658		270		13867		1.8854648893		0.577350269		270		11200		2.3344537504		0.700207538		270		9235		2.831213911		0.839099631		270		7706		3.3928091589		1		270		6466		4.0433925049		1.191753593		270		5426		4.8187275457		1.428148007		270		4528		5.7745629474		1.732050808		270		3733		7.0033612552

										0.176326981		280		39438		0.6874963651		0.267949192		280		25953		1.0447300491		0.363970234		280		19106		1.419114712		0.466307658		280		14913		1.8181268576		0.577350269		280		12045		2.2510804022		0.700207538		280		9931		2.7300991285		0.839099631		280		8287		3.2716374032		1		280		6954		3.8989856298		1.191753593		280		5835		4.6466301333		1.428148007		280		4869		5.5683285565		1.732050808		280		4015		6.7532412104






