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INTRODUCTION 

The work for this project was ca r r ied out in three phases , 

as MS projects by two students, and as a postdoctoral project by a 

visiting scient is t . The first phase was completed by Michael F . Boyer* 

in 1969-70, and consisted entirely of measurements between San Franc i sco 

and London over the great c i rc le rou te . The second phase was ca r r i ed 

out in 1971-72 by Jon A. Kirby, over routes from San Franc i sco to 

Washington, D. C. , Tokyo, Buenos A i r e s , -ind Rio de Jane i ro . The 

Ci ty -Pa i r code, which originated at Boeing Aircraft C o . , was r e p r o g r a m -

med to rt.n on the computers at the Lawrence Berkeley Laboratory by 

Douglas C. Wallace, and the code was revised further by Kalina Mamont-

Ciesla , guest physicist, who is visiting the Lawrence Berkeley Laboratory 

from the Central Laboratory of Radiological Protect ion,Warsaw, Poland. 

In the first phase, photographic emulsions and thermoluminescent 

dos imeters were mailed by conventional reg is te red a i r mai l from Berkeley 

via San Francisco to Professor Jack Fowler at Hammersmi th Hospital 

near London, who returned them to u s . These detectors accumulated 

approximately 2100 hours of flight time at altitudes above 30,000 feet. 

In the second experimental phase, s imilar detectors were mailed round 

t r ip through diplomatic channels to Washington, D. C. , and thence to 

Tokyo, Buenos Ai res , and Rio de Janeiro for a total flight time l | | l \ I Sil-J 

above 30, 000 feet in excess of 2900 hours . The dates of the flights a re 

l isted in Tables la and II, and of sola™ proton events in Table lb . The 

OS-
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measured resu l t s were then compared to the resul t s of the "Boeing Code" 

which was originally programmed by Stanley Curt is and was originally 

descr ibed in the Boeing repor t . This program,cal led the Galactic-

Radiation Exposure P r o g r a m (GREP),calculates the dose in t i ssue in 

mi l l i rads for the great c i rc le flight path between two c i t ies . The ag ree ­

ment is seen to be reasonably good. 

It is concluded that both experiments and theory show that the total 

doses received at present day conventional jet a ircraf t alti tudes a re con­

siderably higher than those encountered in supersonic flights at much higher 

alt i tudes,even though the dose rate is lower at these lower alt i tudes, 

when the longer time of exposure at the lower altitudes is taken into 

considerat ion. 

The Experiments 

The dosimetr ic measuremen t s were made with thermoluminescent 

dos imeters (TLD's) and with emulsions of three types sealed in plastic 

packets . These packets were sent by air mail back and forth from 

Berkeley, California to the five ci t ies on the dates shown in Tables la and II. 

A dose sufficiently above background for a sat isfactory measurement 

was accumulated by the TLD's on one round t r ip and by the emulsions on 

three round t r i p s . Although there were some small variat ions in the 

contents of cer ta in packets, all were basically the same . P i eces of 

polyvinyl-chloride (0.6 mm thick) were cut to the size of a regular 

business envelope (10 cm X 23 cm). The packet was compartmentized 

and sealed with a radio-frequency plastic welder. Packets sent to 

London contained p - y films, NTA films, 600(J emulsion, and C a F , 

thermoluminescent detectors (TLD). Packets sent to Washington, 

Tokyo, Rio de Janeiro , and Buenos Aires contained only p - v emulsions 

and TLD's . Before sealing, each packet was flushed with dry nitrogen 

gas to reduce photographic fading of the latent image by decreasing the 

relat ive humidity and decreasing the atmospheric oxygen in contact with 

the emulsion. 

Each packet contained four P-v f i lms. Two 3f these films were 



- 3 - LBL-1505 

unexposed; the third film was pre-exposed to 20 mr and the fourth film 

was pre-exposed to 100 mr of radium y - r a y s . In those packets that 

contained nuclear t rack emulsions (NTA), one NTA film was pre-exposed 

to 20 mrem and the other to 100 m r e m of PuBe neu t ro r s . 

In evaluating the flight paths for the first part of this experiment 

from San Franc i sco to London,an air mai l flight schedule was obtained 

from the Berkeley post office. When the total number of available 

flights is considered, it is reasonable to assume that at leas t 80% of the 

packets sent to London made the t r i p by the polar route, ra ther than 

landing in New York. Polar flights from San Franc i sco to London 

always go via Los Angeles. On the Los Angeles to London leg they 

lave a flight profile approximately like that seen in F ig . 1. These flights 

usually go over the southern par t of Hudson Bay, Baffin Island, and the 

southern third of Greenland. Each flight is flown over the predicted 

" leas t t ime" route based on the la tes t weather predic t ions . Some flights 

may go considerably south of Greenland, occasionally as far souih as 

Atlanta, although this is r a r e . These variat ions probably don't have a large 

effect on the galactic cosmic ray dose since they take longer at a lower dose 

r a t e , which has a compensating effect on the integrated dose . The solar 

flare dose, if any, would be reduced by a l a rge r factor at the lower magnetic 

la t i tudes . Since few solar f lares occurred during this experiment , these 

relat ively r a r e and self-compensating route variat ions have little effect on 

our r e s u l t s . 

Calculations made with the GREP code indicate that for the San 

Franc isco to London route one should expect a total dose of about 5 m r / r o u n d 

t r i p . Since the lower limit of sensitivity for the film is approximately 

10 m r , each packet to London was sent on about five round t r i p s . Unfor­

tunately, during this time there were no large flares and only one small f la re . 

Three groups of packets completed five round t r ips to London. Six 

groups of packets completed round tr ips to Washington, Tokyo, and Buenos 

A i r e s . Five groups of packets completed round t r ips to Rio de Jane i ro . 
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33,000 ft. 

JZ 

Actually at 
22„G00ft for 22.5 minutes 

I.e. 2/3 altitude in 
1/2 of climb time 

Speed 0.7-0.8 moch. 

' - 3 0 0 knots indicated 

315 eni. out 110 hrs 

0 45 
Minutes 

120 240 360 480 600 

XBL7I3-3097 

Fig . 1. Fl ight profile of a typical flight between Los Angeles 
and London from TWA. 
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One packet was lost on this rou te . 

The packets sent to Washington, Tokyo, Rio de Janeiro , and Buenos 

Aires actually followed the following routes, according to the U. S. 

Pos ta l Service and the U. S. Department of State. The re tu rn route was the 

r eve r se of the outbound route in each ca se . In the calculations,each leg of 

these routes was assumed to be a great c i rc le path between the two points at 

its end. The Washington route was direct from San Franc i sco to 

Washington. The Tokyo route was also direct from San Franc i sco to 

Tokyo non stop. The Rio de Janeiro route was from San Franc i sco to 

New York; to Charleston, South Carolina; to Caracus , Venezuela; to 

Rio de Janeiro , Braz i l . The Buenos Ai res route on the other hand,was 

from San Franc i sco to Washington, D. C ; to New York> to Buenos 

Ai res , Argentina. The dates of the flights a r e shown in Table la and 

the dates of solar proton events a r e shown in Table I b . 

Background Radiation 

Realizing that from the t ime the film is sealed until it is developed, 

it spends more t ime at sea level than at altitude, it is necessa ry to 

attempt to es t imate the dose of ionizing radiation which is ace emulated 

during the time not spent in the a i rcraf t . 

Duplicate dos imeters were s tored in a low background cave at the 

Lawrence Berkeley Laboratory and in an unshielded a rea (Oakland) 

during the flight t imes . These dos imeters were processed with the 

dos imeters that had been mailed, and the background readings were 

subtracted appropriately . 

Analysis offt-v F i lm Data 

In interpret ing the data there were two experimental factors which 
need special mention. F i r s t , these films, al l from the same emulsion 
number ,were packaged, exposed, and developed in different groups; and 
secondly, the t ime which elapsed from loading to development in the 
different groups was different, even though the t ime which each group 
spent in the a i r was essential ly the same . The total dose gathered on 



Table J.a. The TLD's each flew on one tr ip between the following dates 
1971 1972 

Washington. 
#1 

7/28-•8/8 
#2 

8 /28-9 /2 
#3 

9/28-10/12 
#4 

11/17-12/3 

Tokyo 7/28--8/6 8 /27-9/9 9/28-10/6 11/17-12/9 

Buenos A i r e s 7/28--8/18 8/27-9/16 9/28-10/19 11/17-12/6 

Rio de Jane i ro 7/28--8/30 8/27-9/23 9/28-10/28 11/17-12/13 

TLD Dates Between 
Start and Reading 

The films each flew three t r ips as follows: 

Set of F i lms Trips 

Washington # A 
# B 

1,2,3 
4 , 5 , 6 

Tokyo # A 
# B 

1,2,3 
4 . 5 . 6 

Buenos Ai res # A 
# B 

1,2 ,3 
4 , 5 , 6 

Rio d-x. Janeiro # A 
# B 
# C 

1,3,4 
2 , 3 , 4 
4, 5, b 

#5 #6 

1/13-1/20* 4/6-4/14 

1/13-1/24* 4/6-4/17 

1/13-2/1* 4/6-4/26 

1/13-2/8 * 4 /6 -5 /1 

1/13-2/16* 4 / 5 - 5 / 5 

* There was solar activity during these flights, See Table lb . j - . 
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Table lb . Dates of Solar Proton Events 

Strength 

Date (all events low energy) Duration 

September I, 1971 small short 

October 3, 1971 medium day 

December 2, 1971 small short 
December 14-21, 1971 medium to la rge 7 days 

peak December 17 

January 11, 1972 small day 

January 15-16, 1972 small 2 days 

January 19-25, 1972 medium 6 days 
peak January 20-21 

Apri l 17-18, 1972 small 6 hours 
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the London tr ips made by these films represents about E052 hours of 

exposure at altitudes above 30, 000 feet,as calculated from the flight 

profile in F ig . 1. The total time spent above 30, 000 feet on the Washington, 

Tokyo, Rio de Janeiro , and Buenos Aires flights was 2897 hours . 

Fading 

The question of the change of the latent image during the 8 to 16 weeks 

between loading and development is poorly understood. The controls 

which were kept in the shielded cave showed an apparent fading in the 

last two groups and an increase of background in the first group. Many 

possible explanations for this were examined and discarded. We a re 

forced to at tr ibute this inconsistency in the background film exposures 

to unexplained but occasionally observed variat ions in |5-v film dosim­

et ry . The film was all from one emulsion number and all films were 

t r ea ted the s ame . The assumption was made in the case of each group 

that,for the time period from loading into the packets until develop­

ment, all films in the group underwent the same fading and background 

change. Therefore, the figures in Table II r ep resen t the dose readings 

in roentgens minus the actual dose reading from the appropriate control 

film which was kept in the low background cave. 

In groups 2 and 3 the fading of the control films was more that might 

be expected,even though they were sealed in nitrogen and kept in the cave, 

which has a very constant environment. In some low dose films the fading 

was as much as 60 percent . This proved to be especially annoying in 

the case of the last group,where the average readings were higher than 

in groups 1 and 2. (See Table II) 

The experience which ha = been gained over many years in reading 

p - -y film indicates that the dataare reasonable . It may not be possible 

to attach dosimetr ic significance to the measurements of any one film, 

but, in view of the large total number of hours which the film spent in 

the air , the average is probably significant. 

Many possible explanations of the wide variation in measured doses 

were examined. It is quite possible that packages 9 and 13 may have 



Table II. Results from the 3 - y films making flight San Francisco-London in the packets . 

. trips 
6 

* Hrs. inair 
Total dose in milliroentgen gained mr 

Min. 
/round trip 
Max. Ave, 

Group 
Average Group Pkg. Rd . trips 

6 

* Hrs. inair Zero Zero 20 
30 

100 
6 

Ave. 
mr 

Min. 
/round trip 
Max. Ave, 

Group 
Average 

1 
. trips 
6 108 23 26 

20 
30 

100 
6 21 1.0 5.0 3.5 

2 5 90 16 19 57 23 29 3.2 11.4 5.8 

' I 5 90 19 19 23 27 22 3.8 5.4 4.4 ' I 3 54 11 11 15 19 14 3.7 6.3 4.7 
(9 Dec. 5 5 90 16 23 16 9 16 1.8 4.6 3.2 
69 to 9 6 5 90 30 30 33 37 33 6.0 7.4 6.6 4.7 
Apr. 70) 

9 5 90 228 228 62 202 180 12.4 45.6 36.0 
10 5 90 24 31 20 21 24 4.0 6.2 4.8 
11 5 90 24 31 18 24 24 3.6 6.2 4.8 
12 5 90 28 28 17 33 26 3.4 6.6 5.2 

2 U 

14 
5 90 90 100 118 88 99 17.6 23.6 19.8 2 U 

14 5 90 28 32 9 20 22 1.8 6.4 4.4 
(10 Mar. 1 5 5 90 28 30 12 28 24 2.4 5.6 4.8 
70 to 29 16 5 90 30 31 14 IS 23 2.8 6.2 4.6 10.6 
Mar. 70) 

20 5 90 37 47 89 90 66 7.4 18.0 13.2 
21 5 90 64 92 104 97 89 12.8 20.8 17.8 
22 5 90 107 121 149 164 135 21.4 32.8 27.0 
23 5 90 30 44 96 69 60 6.0 19.2 12.0 

3 24 5 90 89 160 186 193 157 17.8 38.6 31.4 
(13 Mar. 25 5 90 47 54 96 94 73 9.4 19.2 14.6 
70 to 26 5 90 100 107 142 164 128 20.0 32.8 25.6 
14 Jul. 2 7 5 90 61 71 78 90 75 12.2 18.0 15.0 
70) 28 5 90 92 100 128 97 104 18.4 25.6 20.8 19.7 

Ave. Ave. Ave. Ave. 
Total Averages 62.8 8.3 16.1 12.5 

Approximately 18 hours in air at altitude per round trip 
r 
to r 
o 
in 
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been exposed to a source of radiation somewhere along their t r i p s . To 

suggest that all of group 3 is higher from this type of cause seems very 

unreasonable . There is , however, experimental experience that for 

unknown reasons , probably connected with environmental conditions, 

a s much as 50 mr per film might be due to activation of the si lver gra ins 

by a so far unidentified process ether than radiat ion. This phenomenon 

has been known to occur in the processing of large groups of films in 

which,for unknown reasons ,most of the films which left the photoprocessing 

lab apparently gained an abnormally large amount of radiation, while the 

control films that did not leave the laboratory showed nothing abnormal . 

Although no la rge solar f lares occurred during the experiment, an 

at tempt was made to co r re l a t e enhanced solar activity with those packets 

which showed a higher dose. This was only mildly successful. For 

example, June 13 and 14 were the most active days since the beginning of 

the year . There were large c lass X events. Packet 27 flew during this 

period and showed the highest dose of all packets for group 3. Packet 

23 also flew during this t ime period and showed the lowest dose of group 3. 

If the readings for the four days previous to the May 30, 1970 flare, 

made on the polar route to London, a re averaged together using the amounts 

over the 4.0 mrad background,one gets an average of 1.93 mrad / round 

t r i p . We assume that half of this dose was accumulated during each flight 

direction, or that on a no-flare t r ip the extra amount of radiation from 

flying is about 1 mrad . There was thus an increase of about 50% per 

round t r i p due to this f lare . 

Analysis of TLD Data 
The TLD's ( thermoluminescent dosimeters) were C a F , . Each 

reading is actually an average of three separate dos imeters contained 

in a small plastic disk. All readings and calibration of these dos imete rs 

was done at the Lawrence Livermore Laboratory under the direction of 

D. E. Jones, R. E. McMillan, and G. L. Seibel, Hazards Control Group, 
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and a re l isted in Table III. 

Due to their grea ter sensitivity (down to 0.1 mrad) TL.D dos imeters 

were sent on only one round t r ip before being read . Of special in te res t 

is the TLD sent on the 30th of May, 1970. It was in the air when the 

f i rs t proton event in 45 days occurred . Unfortunately, on this par t icular 

day a TLD was not sent via JFK a i rpor t , and so no comparison could be made 

between the p.->lar and lower magnetic latitude routes . However, the 

measurement during the flare was c lear ly above the other measu remen t s . 

There was at most a 50% increase in dose for the flight during this c lass 
M f la re . 

Experimental Results 

The experimental resu l t s from the first phase of the experiment 

a r e l isted in Table II. The average additional dose from cosmic r ays on 

flights to London from December , 1969 to July, 1970 was 12 .5±4 

mrad / round t r ip with a lower limit of 8.3 m r a d / t r i p and an upper limit of 

16.1 mrad/round t r ip . The resu l t s from the second phase of the experiment , 

including both the beta-gamma films and the TLD dos imete r s , a re 

summarized in Tables III to VI. 

Measured Cosmic Ray Neutron Spectrum 

One of the 600(j. emulsions was scanned for proton reco i l s , and 

these in turn converted to the neutron spectrum in F ig . 2. 

A description of the flare of May 30, 1970,as given by ESSA, is as 
follows: 

"The proton event was associated with an imp IN,a Class M flare 
at 30/0240Z, (1N-A s i t e and intensity evaluation. In this case , a rea 
2. 1— 5.1 sq. deg with normal intensity.) again in region 760. The 1-8 
A x - ray burst associated with this flare had a peak flux of only 0.04 erg 
per sq cm per cm per sec,but a total duration of 6 hours . Pro tons were 
f irs t detected by the ATS-1 satelli te at about 30/0800 Z and were of the 
order of 350 and 16 par t ic les per sq cm per sec in the 5-21 and 21-70 
MeV channels respectively. Associated r iometer absorption at 30 MHz 
was I Db or l e s s . " 
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60, 
Table i n . CaF TLD's { Co mr ad) 

Destination 

Washington 

Average 

Tokyo 

Average 

#1 

8.23 

8.34 

8.29 

7.45 
7.69 
7.57 

#2 #3 

6.25 

6.28 
9.74 
1.98 

6.27 9.86 

8.38 
8.54 
8.46 

10.26 
10.37 
10.32 

#4 

12.76 

12.47 

12.62 

14.20 

14.28 

14.24 

#5 

5.77 
5.74 
5.76 

6.80 
6.78 
6.79 

_J6_ 
1.31 
1.29 
1.30 

2.28 
2.32 
2.30 

Buenos Aires 

Average 

Rio de Jane i ro 

Average 

8.18 7.41 11.77 . '5.01 7.82 2.79 

8.63 
8.41 

7.71 
7.56 

12.05 
11.91 

15.35 
15.18 

7.86 
7.84 

2.92 
2.86 

lost 10.68 12.27 16.00 10.38 7.92 

lost 10.85 12.86 17.71 10.58 7.87 

10.77 12.57 16.86 10.48 7.90 

Cave Control 

Average 

2.28 

2.28 

2.11 

2.13 

2.12 

2.71 

2.75 

2.73 

2.37 

2,31 

2.34 

2.07 

2.15 

2.11 

0.25 

0.21 

0.26 

Home Control 
(Oakland, Ca) 

Average 

3.95 

3.95 

4.45 6.32 8.07 4.22 1.44 
4.52 7.53 7.15 lost 1.47 

4.49 6.93 7.61 4.22 1.46 
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226, Table IV. ft- y F i lms ( Ra mi] 

The doses shown a r e the excess dose above the p re - i r r ad ia t ed dose per individual 
fi lm. Each film has been on three round t r i p s . It should be noted that the averages 
were taken after excluding the 100 m r exposed fi lms, which apparently had exper­
ienced fading. 

20 40 

Washington #A 29 30 30 30 

#B 40 36 31 

Tokyo #A 30 29 26 30 

# B 41 38 32 

Buenos Aires #A 31 32 30 31 

# B 43 39 35 

Rio de Janeiro #A 39 36 31 30 

# B 36 30 26 

#C 54 50 40 

Cave Control #A 3 . 5 3 . 5 4 , 5 9 

# B 4 2 0 

#C 12 13 0 

100 

17 

13 

17 

-13 

Average / t r ip 

10.0 

11.8 

9 . 8 

12.3 

10.3 
13.0 

11.3 
10.2 

16.0 

1.7 

0 . 7 

2 . 8 

Home Controls 

Average 

Average 

#A (cold) 1 1 . ,0 1 1 . ,5 14.5 20.5 - 1 

#A( shelf) 2 4 . 0 24 , ,0 r9.o 22.0 1A 
17. 5 17 . 8 16.8 21.3 7 

#B(cold) 

#B(shelf) 

30 

3£ 
30 

29 
26 
27.5 

26 

24 

Control for Ric de Jane Iro flight #B 
The 100 mr column is not included in the average . 

6.0 

9 . 1 
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Table V(A). Average dose / t r ip 

The doses shown a r e the average doses / t r ip above the background at Oakland, 
California. The values a re secured, except as noted in the post note, by subtracting 
the Oakland, California values from the flight values shown in Table I . 

TLD's (in Rad) 

Destination #1 #2 #3 #4 _ # £ ! #6* Net/Ave. 

Washington 4 .34 1.78 2.93 5.01 3 .22(7 /34) 0 .72(8 /30) 3.00 

Tokyo 3.62 3.97 3.39 6.63 4 .00(11 /34) 1.60(11/30) 3.87 

Buenos Ai res 4.46 3.07 4 .93 7.57 4 .55(19/34) 1.60(20/30) 4.37 

R iodeJane i ro 6.28 5.64 9.25 6 .76(26/34) 6 .64(25/30) 6.91 

^These sets of TLD's were handled differently from the f irs t four se t s . These TLD's 
were kept in the cave except when in the mai l . The TLD's were 34 (#5) and 30 (#6) 
days between preparat ion and reading. The numerator of the fraction in parentheses 
in the number of days it was out of the cave. The dose above background for these 
sets is found by: 

Dose = repor ted exposed dose minus cave dose 
minus (fraction) (home dose-cave dose) 

This process takes into account the t ime the packets were in the cave. 



-15 - LBL-1505 

Table V (B). Average dose / t r ip 

ft- v F i l m s (mr) 
JA # B 

Washington 4 . 0 2 . 7 

Tokyo 3 . 8 3 . 2 

Buenos Ai res 4 . 3 3 . 9 

# 
Rio de Janeiro 2 . 2 7 . 2 6.9 

Net/Ave. 

3.4 

3 .5 

4 .1 

5.4 

Tr ip # A: Since these three t r ips took 46 days longer than the o thers , 
140/94 t imes the home control dose was used to find the exposure over 
background. 

Tr ip § B: These three t r ips had their own cave control, so a factor of 
0 . 7 / 1 . 7 t imes the home control dose was used to find the exposure over 
background. 
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Table VI. Experimental and calculated equivalent doses received per 
round tr ip in conventional jet a i rcraf t during average solar 
conditions between San Franc isco and severa l c i t i e s . 

Calculated Solar Average Conditions Experimental 
San Franc isco Charged Neutrons Total P-y Fi lm TLD 

to: Par t i c les 

London 5.58 1.64 7.22 8 . 5 2.00 

Washington 2.39 0.68 3.06 3 . 4 3. 00 

Tokyo 2.48 0.83 3.31 3 . 5 3.87 

Buenos Aires 6. 98 1.74 8.72 4 . 1 4. 37 

Rio de Janeiro 5. 10 1.30 6.40 5 . 4 6.91 

There was at most an increase of 50% during a c lass M solar flare which 
occurred on May 30, 1970, between San Franc i sco and London. 
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The proton recoil emulsion waa read using the random-walk method. 

Using this method, 1150 protoin recoi l t racks were measured in the 

emulsion, which is approximately 2 cm X2 cm X 600JJ. in s i ze . These 

r ' l tawere then introduced into a computer p rogram which determines 

the t rack-length energy. The number of t racks per energy interval 

AN/(P. AE)was then plotted versus energy. F r o m this a smooth proton 

spectrum was drawn. 

The two peaks at the low end of the proton spectrum a re produced 

by systematic effects. They a re caused by nitrogen in the emulsion 

(a nth, p reaction on nitrogen) and alphas from tharium and radium 

impur i t ies . 

Points from the smooth proton spectrum are then introduced into 

another program which de termines the neutron spec t rum. (See Fig . 2 . ) 

A second plot of this neutron spect rum was made with a l inear sca le . 

(See F ig . 3.) Then,using the re la t ions shown below 

Analytic express ions for dose equivalent vs neutron energy 
Energy range n - c m " ^ - s e c " equivalent to 

(MeV) 1 m r e m - h ' 1 

-CIO-^ 232 

1 0 " 2 - 10° 7.20 E ~ 3 / 4 

10° - 10 1 7.20 
>1Q- 1 12.8 E ' 1 / 4 

An integral r em dose was calculated for each energy interval . This r e m 
spectrum was then plotted with the linear neutron spectrum for compar ison. 
(See Fig. 3 . ) 

Calculations 
2 

The calculations were made by a code GREP originally programmed 
at the Boeing Aircraft Company by Stanley Curt is (now at the Lawrence 

Berkeley Laboratory) and modified by Douglas Wallace and Kalina Mamont-
Cies la for this work. This code calculates t issue doses due to galactic 
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cosmic radiation during subsonic and supersonic flight for t imes of 

minimum solar activity and t imes of average solar activity. 

In this calculation the input to the code, which is l isted in the 

appendix, is the geographical coordinates of the c i t i es , altitude -

distance flight profiles,and block t imes . The program then changes 

the instantaneous geographic latitude and longitude of the plane to 

geomagnetic latitude and longitude and pressure altitude as it 

follows the aircraf t on a great c i rc le route . At 0. 1 hour in tervals , 

the ionization density, caused by charged part ic les in the atmosphere 

from basic cosmic ray data ion pai rs formed in a cm per sec of 

s tandard air, is converted to an equivalent tissue dose rate in n-vrads 

per hour with all the appropriate conditions taken into account. The ion 

pair data are entered in a table from which values a re interpolated 

as needed. This dose rate is then integrated and accumulated over the 

ent i re flight. 

Resul ts 

In par t icular , note in Table VII that the direct Los Angeles - Pa r i s 

flight is 3.70 mrad / round t r ip for an SST under average solar conditions 

and that the same t r ip made by way of New York is 3.66 mrad / round 

t r i p . (1.28 + 2.38 = 3.66. ) In genera l , while more southerly routes 

have lower hourly dose r a t e s , the flight routes a re longer and thus 

more time is spent in these lower dose ra te regions (due to the l a rge r 

a rea of the ear th in the equatorial and temperate zones) . Thus, there 

is a compensating effect which tends to make doses on polar flights 

almost the same as those on lower latitude flights. 

There is a s imi lar compensating effect of altitude which takes 

place as altitude is var ied. Subsonic flight at 35,000 feet takes about 

three t imes as long as supersonic flight over the same route at 

65, 000 feet. Since the dose rate is about three t imes higher at 65, 000 

feet relat ive to 35,000 feet, these effects roughly cancel . As an example, 
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Table VII. Comparison of the subsonic and supersonic round t r ip 
doses computed by the GREP code. The dose is given in 
m r e m obtained when flying between various city pai rs 
under average solar conditions. 

Subsonic Flight - 35, 000 ft. altitude 
CUy Pair Block Time mrad / round t r ip 

(BT) 
hrs 

Pa r i s -Anchorage 9.45 4 .07 
Los Ange les -Par i s 11.15 4 .79 
Anchorage -Hamburg 8.95 3.84 
Chicago-Par is 8.35 3.56 
New York -Pa r i s 7.45 3. 13 
Mont rea l -Par is 7.05 2.94 
New York-London 7.05 2.94 
San Francisco-New York 5.45 2.07 
Los Angeles-New York 5.25 1.92 
Los Angeles-Washington 4.95 1.75 
Los Angeles-Chicago 3.95 1.34 
Sydney-Acapulco** 17.45 4 .40 

Supersonic Flight 60-65, 000 ft. altitude 
City Pa i r Block Time mrad / round t r ip 

(BT) 
hrs 

Par i s -Anchorage 3.25 3. 16 
Los Ange les -Par i s 3.85 3.70 
Anchorage -Hamburg 3,05 2.92 
Chic ago-Par is 2.85 2.64 
New York-Pa r i s 2.65 2.38 
Montr e al - Par i s 2.45 2. 17 
New York-London 2.45 2 . 17 
San Francisco-New York 2.05 1.44 
Los Angeles-New York 1.95 1.28 
Los Angeles-Washington 1.85 1. 16 
Los Angeles-Chicago 1.55 0.89 
Sydney-Acapulco '"~ 6.25 2.08 

• i i • iccacasaii • i •asasgaaacsa——• 

* 
Time in the air 

^ Two stopovers 
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note that the Los Angeles to Pa r i s SST dose is 3.70 mrad and the 

subsonic dose is 4 .79 m r a d . In fact.the total doses for subsonic 

35, 000 feet flights a re between 25 and 100% higher than for flights at 

65,000 feet, the supersonic altitude r ange . These increased doses 

in subsonic flight will undoubtedly be experienced by far more people 

than will experience the reduced doses associated with supersonic 

flights. 
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C * * * * 
C * * * * -

PROORAM ACRE!INPUT,OUTPUT,TAPE5-INPUT,TAPF6=0UTPUT) 
C * * * * 
C**** ACRE"AIR CRAFT RADIATION EXPOSURE 
C * * * * 

DIMENSION A L T T A B n O O ) , n T A 0 ( 3 Q o ) , L T A B ( H ) , T A l T A B I 1 5 ) , 
II N T T A P U 8 l , F T A B ( i n l , I P T A P ( l l , 1 5 l , S O L R A T ( l l , 1 5 ) , NFTAO ( 1 1 , 1 5 I , 

' 2 I .AHBDA:30O) .XH3O0,3 ) . TALTUOO) , IOOSEl300 ,2> , 
3XDnSFl300,4) , SP6EO(3l ,NI>nSE(300,2 l ,XnOSEN(3! )0 , ' t l ,TOnSE(300,2) , 
4 A L A T I 2 ) , PRBNMI2,21,AIRPORT! 8 0 0 , 8 | .ALONG!2) .TXOOSEI300,4) 

RFAI I A T I , ! M Z d n N S l , ! 0NP2,LAT.LNTALT,IDOSE,IPAIRS.FLUXN,NOOSE, 
1LAMB0A.L0NG 

______ IMTGFR fOPRMM, IPPORT ( 8 0 0 , 8 1 , 0IF5R ... _ 
EQIUVAI.FMCE 11RP0RT,AIRPORT) 

C**-»' REAO IN FIXED DATA TABLFf. THFSF ARE THE SAME FOR ALL PROBLEMS. 
£<•* * * IPTA" 1 1 1 , 1 1 ) ARRAY OF ION PAIRS/CM**3/SEC AS A FUNCTION OF REOMAG-
C * » * * ftFTtC LATITUDE AND AIR DEPTH 
C«**» <n| .RATll 1,151 AKRAY OF ADJUSTMENT RATIOS AS A FUNCTION OF GFOMAG-

" " C * * t * NETIC LATITUDE ANn AIR OFPTH.THESE FACTORS CORRECT FROM SOLAR M I N I -
C***t MUM r n s n i A R AVEPAGF. CONDITIONS. 
C«**«- NETAH ( 1 1 , 1 5 1 ARRAY OF NEUTRON FLUXES AS A FUNCTION OF GEOMAG-
C*ft** NF T IC LATITUDE AMI AIR DFPTH 

RFAD 1 0 0 0 . < U P T A ( 1 < I , . I ) , J = 1 , 1 5 1 , 1 = 1 ,11 ) 
22 REAO 1 0 0 0 , t ( S O L R A T ( I , J ) , J s l , 1 5 ) , U l , l l ) _ 

" 4 2 RFAD 1000, HNFTABI t , J I , J - l , I S ) , I = 1 , 11) 
1000 FDRMAT ( 1 3 F f i . 0 , 2 X ) 

C* * * * 
C * * * * T A 1 T A R U 5 I ARRAY OF AIR DEPTH VALUES IGM/CM**2> 
C * + * * LTAB 111) ARPAY OF GEOMAGNETIC LATITUDES 
C * * * * LNTTAMlHt ARRAY OF 10GARITHMS OF THE MASS OF AIR OVERHEAD AT A-
C * * * + GIVEN ALTITUDE IN FTAB 
C * * * * FTAB 118) APRAY OF ALTITUDES IN FEET 

62 READ 1 0 1 0 , ( T A L T A B ( J ) , J = 1 , 1 5 ) 
70 RrAD 1010, U . T A B I J I . J M . l l ) 
76 READ 1010, ( L N T T A B I J ) , J * l « 1 8 l 

_104 _ REAO 1010, I F T A H ( J ) , J * 1 , 1 B ) 
"lOlO FORMATJBF10.0) 

C * * * * ENO OF FIXED DATA TABLES FOR COSMIC RAY FLUXES AND AIR PROPERTIES. 
C * * * * P R I N T OUT THESE FIXED DATA TABLES. 

112 PRINT 1110, I T A L T M M J ) , J = 1 ,15 ) 
1110 F0RMAT(1H1, / / ,55X,34MAIR DEPTH TABLE (GH/CM**2I TALTAB. / / 

2 . 2 4 X , ( 1 5 F T . O ) ) ~ " " 
C * * * * 

120 PRINT 1090 , H L T A B I I ) , I IPTABI I , J ) , J = l , 1511 ,1 = 1 , 11) 
1090 FORMATI//6X,*GEOMAGNETIC*,38X,46HION PAIR DATA (ION PAIrtS / CH**3 

1 / SFCI I P T A B , / 
__ 2 , 6 X , * L A T I T U 0 E * / / 

3 ( 6 X , F 5 . 0 , 1 3 X , l S F 7 , l / / n " " " 
C * * * * 

1*4 PRINT l l l l , ( T A L T A 8 I J » t J » l , 1 5 ) 
l l l l F0RMATC1H1,// ,5SX,3<,HAIR DEPTH TAOLE (GH/CM**2I TALTAB. / / 

2 . 2 4 X , ( 1 5 F 7 . 0 I I 

4 
5 
6 
7 
7A 
8 
1 

<5A 
9B 

10 
10A 
Km 
lor. 
1 0 0 
10E 
IDF 
10G 
11 !> 
12 >Tt 12A 
13 TJ i 

1 
13A O 
13R I - I 

13f. X 
1 3 0 
13E 
14 
15 
16 
17 
18 

11 
2 0 
21 

22 
23 
24 

r w-r 
;25 
2 6 in o 
26A Ol 
26B 
26C 



152 

176 

~20i~ 

212 

220 

C * * * » 
PRINT 1100 , U L T A B C I I , ( S O L R A T U , J > , . 1 = 1 , 1 5 ) ) , 1 - 1 , 1 1 ) 

1100 FORMAT!// ,lSX,*r.EnMAGNFTIC*tl8X,62HSajWR_AVERASEjATH0SJ>HERXC_C0RBJ. 
2CT10M FACTOR (GM/CM**2> SOIRAT. / 
3 , 6 X , * L A T I T U D E * / / 
4 ( 6 X , F 5 . 0 . 1 3 X , 1 5 F 7 . 3 / > > 

PRINT 1130 . ( L N T T A 8 ( J I , J * 1 , 1 R ) 
1130 FORMAT(/ /36X,*L0G OF AIR DEPTH VALUES L N T T A B . * / / ( 9 F 1 4 . 5 / ) I 

_ C * * * * 
1140. ( F T A D I J ) , J » l , t 8 » 

27 
28 
29 
30 
31 
32 
33 

PRINT 
1140 FORMAT (/ / ,3«>X,*ALT1TUDE I N FEET 

C * * * * 
FTAB.*//(9F.U.0/M 

PRINT 
(.*•*** 

1110, <TALTABIJI,J»1,15) 
PRINT 1091, (ILTABIII ,(NFTA8II,J).J=l,15)),1 = 1,11) 

244 
~254~ 
257 
257 

263 

263 
265 
301 
304 
321 

324 
324 
326 
331 
332 
333 

1091 F0RMAT(//6X,»GEOMAGNETIC*,38X,38HNEUTR0 ,J FLUX DATA (M/CM**2/SEC I 
2NFTAB,/ 
3 , f .X ,» l .AT |T I )nE* / / 
4 1 6 X , F 5 . 0 , 1 3 X . 1 5 F 7 . Z / ) I 

C * * » * RFAd IK AIL AIRPORT DATAI4 ITEMS TOR EACH AIRPORT* COPE NAH6.LAT, 
" C * * * « LONG,FULL N*MEI AND STORE IT IN MATRIX AIRPORTJK.M) 

r . * * » * RFAD IN K=NMMBER OF AIRPORTS 
C«**»' RFAD IN IND. THIS VARIAfUE HAS A VA1UE ZERO IF WE DO NOTWANT THE 
C * * * * LIST OF AIRPORTS TO BE PRINTED AND VALUE 1 IF WE 00 

READ 3010 , K.INT) 
_ 3010 FORMAT ( 2 1 $ ) 

IF ( I N O - 1 ) 3 0 5 , 3 0 6 , 3 0 6 ~ " 
306 CONTINUE 

WRITE ( 6 , i 0 0 5 l 

34 
35 

35A 

35B 
35C 
3r>n 
35F 
3*F 

36 
36A 
36H 
36C 
360 
37 
3 7A_ 
38 

C306 38A 
39 

3005 F 0 R M A T U H 1 , / / , 3 5 X , 1 6 H L I S T OF AIRPORTS, , ' l , 4X.20HUO0E NAME OF AIRPO 40 
2R T ,5X,nHLATlT l lnE,5X,9HI 0NGITUDE,9X,7HAIRPORT, / / ) 40A 

305 CONTINUE _ 41 
Z***t THF OFOORAPHIC LOCATION OF THE AIRPORTS IS ENTERED VITH THE WEATHER 
C * * « * STATION AIRPORT CODE OF THREF LETTERS IN THE FIRST THREE COLUMNS. 
C * * * * THF LATITUDE AND THF LONGITUDE EXPRFSSED TO THE NEAREST DECIMAL HUNDREDTH 
C * * * * OF A OFGRFE ARE EMTEREO IN COLUMNS 11 - 20 AND 21 - 30 RESPECTIVELY. THIS 
C* * *» r? T H F N FOLLOWED IN COLUMNS 31 - 80 BY THE NAME OF THE CITY AND THE 
C**«* AIRPORT. 

Dtl 300 IK = 1,K " ~ 0" 30042 " 
READ 3020 , (AIRPORT ( I K , I M ) , I H ' l i 8 ) 43 

3020 FORMAT ( A10, 2F10 .2 , 5A10) 43A 
IF ( I N D - 1 ) 3 0 0 i 3 1 0 , 3 1 0 43B 

310 PRINT 3 0 3 0 , ( A I R P O R T ) I K , I M I , I M - 1 , 8 1 44 
3030 FORMAT! U X . A6, 13X.F 7 . 2 . 7 X , F 7 . 2 , S X , 5 A 1 0 ) 44A 

300 CONTIWIF " "" ' ' " ~ 44B" 
C * * * * 
( • * * * * . . - - . . - . . . 

C * » » * I N I T I A L I Z F CONSTANTS 
1 CONTINUE 
_ SNZT= S 1 N I 1 1 . 5 / 5 7 . 2 9 5 8 ) 
CNZT=COS( 11.5/57.2958) ' '""' 
XN = 1./14.1 
XK=.001924 

C*»** RESET FLIGHT DOSAGE VALUES 
SOIMIN=0. 

C 1 
45 
45A 
45B 
45C 
450 
46 
46A 
46B 

I 
O 



334 
335 
335 
336 

336 
337. 

345 
350 

350 
352 

357 
360 
362 
365 
366 
370 
372 
373 
37* 
375 

Sni.AVF =0. 
triP»0 
SC'LM INN = 0, 
SPLAVFN = 0. 

C»**« RESET COUNTER OF READ IN CODE NAMES IN 
IN=0 

C****RFA0 IN MESSAGE ON THE FLIGHT 
RFAO 10Z1.SPEFD _ _.. 

iIT MILL HAVE A VALUE 1 3R 

1021 FORMAT I3A10I 
C**** CHECK TO SEE IF ALL PROBLEMS HAVE BEEN DONE. IF SO —EXIT. IF MDT 
C***« CONTINUE' 
c**** 

IF (EOF,51 <><)9,2 
2 CtlNTINUF _____ _ __ 

"C**** RCAf! IN 2 -PROBLEM 'DAT A "CARDS COPRNM='e"bbE PROBLEM" NAME AND FIND 
C***» THEIR LAT, LONG ANO FULL NAMES IN THE tIBRARY OF AIRPORTS 
330 IN=IN+1 

RFAD 3040. CDPRNM 
30*0 FORMAT !A6) 

£**** RFSET INUFX LACK. LACK BECOMES 1 IF 6 PROBLEM.CODE. NAME HAS BEEN 

400 
403 
411 
414 
422 
423 
445 
447 
450 
453 

500 
501 
502 
"503" 

505 
506 

C***» FOUND IN THE LIBRARY OF AIRPORTS AND LEAVES ZERO IF NOT 
3 L«f.K » 0 
DP 401 IKsliK 
IF ICDPRNM .ME. IP.PORT( I K ( I ) 1 GO TO:401 
A1AT t IN »= AIRPORT! IK r 2 ) 

_ ALONC. O N » = AIRPI)RTCIK,3> 
PPBfW ( I N , l l = A t R P I l R T ( I K , 4 l 
PRdNM ( I N . ? I « A I R P I ) R T I I K , 5 I 
LACK^l 
CO Til 340 

401 CONTINUE 
C**** ; 

" c * * * * - "'" " -. 
340 IF t" LACK-l I 4 0 2 , 3 * 5 , 3 4 5 
402 PRINT 1 0 8 1 . CDPRNM 

1081 FORMAT! 1 H I , / / , 1 0 X , A 6 , 37HIS MISSING IN THE LIBRARY OF AIRPORTS! 
IF 1 I M - 2 I 4 0 3 . 4 0 4 . 1 

403 READ 3 0 4 0 , CDPRNM _ _ 
IN = 3 " *" 

to 
171 

404 RFAD 1020 , BLKTM,RTCLIMB,CRSALT,RTOSCNT, STARTRT, RTHRZTLtENtWT 
I F 1 I N .KQ. 31 GO TO 3 
GO TO 1 

345 IF I IN - 2 1 330, 405 , 1 . . - . . - . 
405 PRINT 1080 , IPRBNM I l . J I , J = l , 2 > , 1 P R B N M ! 2 t J ) , J - 1 . 2 I , S P E E O 

1080 F O R M A T d H l , / / ' "' 5 A 1 0 . X , 2HT0, X , 5 A 1 0 , 3 A i 0 , / / I i ~ 
C * * * » 
c**+* 

LATl=ALAT( l l 
LAT2=ALATI2I 

_L0HG1*ALUNGI11 
LPNG2=Al.ONr.(2> 

C * « » * 
C * * * * CALCULATE COURSE IN SPHERICAL GEOGRAPHIC GEOMETRY" 

XLAT1*LAT1 
XLATZ* LAT2 - -

54 
54A 
54B 
54C 
54H_ 
54E 
55 
55A 
55S 
55C 
550 

'55E"~ 

56 
56A 

_56B_ 
56C 

56D 
56E 
57 

o 
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c*»«* 
C**«* COMPARE THF GREAT CIRCLE OITANCE DIST WITH THE DISTANCE PDIST CAL- 66 
C.»**» f.UlATFD AS A SUM OF GENERATED DISTANCES TRAVFLLED PER O.l HOUR 66A 
C**** INCREMENT AND CORRECT THE READ IN SCHEDULE VALUE OF BLKTM TO BLK 66R 
C***«'IF NECESSARY. 66C 

722 OIF = (OIST - PDIST 1 /(RTHRZTL /10. ) 66D 
726 IF (APSlnlF) .IT. l.J GO TO 102 66E 
731 OTFFR = IFIX ( OIF ( 66F 
732 _ IF ( DIFER - 0 I 1 0 1 , 102, _103 66G... 

" 735 "" 101 NnPS = NI)PS • OIFFR 67 
736 RLOATA = FLKAT < NOPS ) 67A 
737 GO TO 1 0 * . - .. - G'10467R 
7<>1 103 NOPS = NDPS - OlFFR 67C 
742 RLOATA = FIOAT I NDPS) 670 
743 _ GO Til 104 _ _ 67E . 
1*4' " 102 CONTINUE 68 
744 PRINT 1 1 8 0 , BLKTM,RTCLIMB,CRSALT,RTDSCNT,STARTRT,RTHRm,ENDRT 6 R A 

1180 FORMAT! IH0 147X,36HSCHEDM1E HOCK TIME ON ONE WAY1HRS) = , F 1 0 . l / / 6I1R 
224HRATE HF CLIMBIFFFT/MINI= ,F10 .3 ,9X ,24HCRUISING ALTITUOEIFEET)* , 68C 
3 F 1 0 . 0 , 4X.26HRATE OF 0ESCENT(FFET/MINI = , F l O . 3 / / 3 4 H C U M f i l N G GROUN 6flD 
4 5PEFnlMUFS/HOI)R) - .F6 .2 ,3X,Z7HCRUISING SPEFOIMI LES /H0URI« ,F7 .2 , 4X 6BE 

"" TtstffttFft red: .1 I <• OWN: W = i 10- H- W.^WV S « F 8 . I * T T ) ' ) H 
C » * * » 

766 PRINT 1 1 5 0 , ( A I . T T A n ( I ) , I = l , N D P S > 69 
1150 FfP.MAT (35X, b2HFLIGHT ALTITUDE ANDIOISTANCE PROFILE IN 1 /10 HOUR 70 

1INCREMFNTS. / / 4X , 71 
2 nilALTITUOE / / ( 1F10 .0 1) 72 _ 

775 ' PRINT 1160, tOTAR( I ) ,1=1 .NDPS) " 73 
1160 FORMAT U H O . 3X, 8H0ISTANCE/ / I 8F10 .2 > 74 

1004 Bl K = Rl DATA / 1 0 . 75 
1006 PRINT 1170 , POIST , BLK 76 

1170 FORMAT ( I H O , 3X, 30HT0TAL INPUT PROFILE DISTANCE = , F 1 0 . 2 , 77 
12X,13HSTATUTE MILES / / 4X, 19UFLIGHT PROFILE TIME, IPX , 1 H - . F 1 0 . 2 78 
2 ,2XC 16HH0URS IN THE AIR > 79 

C + * * * PRINT 0"T GREAT CIRCLE PATH VALUES. 103 
1016 PRINT 1050 , OIST,rRSANG,XLATl,L0NGl,XLAT2,LONG2 104 

1050 FORMAT f1H1.2X,37HCOMPUTEO GREAT CIRCLE LEG DISTANCE * , F 1 0 . 1 , 5 X , 105 
I27HTHF IN IT IAL COURSE ANGLE = , F 1 0 . 3 / / 106 
23X.21HLFG START l.ATITnnE = ,F7.2,5X f 22HLEG_START LONGIT|IDE_=_, 107 
3F7 .2 / / 3X ,18KLEG END LATITUDE = , 3 X , ' ~" 108 
4 F7.2 .5X.19HLEG FNO LONGITUOE » , 3 X , F 7 . 2 ) 109 

C*»»* 
1036 <1'IMX=0.0 110 
1037 DO 100 I » 1 , NDPS D 100112 

. 1041 IFLB = t p i R + l 113 
" C * * » * CALCULATE LAT.tLONG. OF FL IGHT" PAfH""iNCREMENTS_IN~GEOGRAPHiC"C00ROS" " 1 ) 4 ' 

C * * « * NOTE T H A T THE MIDPOINT OF THE 0 . 1 HOUR INTERVAL IS USED TO COMPUTE 115 
C * » » * Pf lSITIJN AND DOSE. 116 

1042 IF ( IFLB .GT. I ) fit) TO 15 B 15 117 
1045 X = 0 . 5 *DTABIIFLB) 118 
1047 _ GO T 0 20 G 20 119 
1 0 4 7 " ' 15 X» 0 . 5 * ( D T A B ( I F L B » * D T A B I I F L B - l ) j ' " ' "120" 
1053 20 CONTJHLIE C 20 121 
1053 SHMX=SUMX+X 122 

C * * * * THE RADIUS OF THE EARTH IS 3956 STATUTE MILES. 122A 
1055 C0SL2 'COSISUMX/3956. >*CNLAUtSlNCSUMX/3956. )*SNLAT1*C0SC 123 



**** 
10T0 S1NA *R1NISI'MX/395A.1*S1NC / J l . - C O S L Z *COSL2 I * * . 5 
1103 COSNA =(C0SiSUHX/3956 . l -CNLATl *C0SL2I / I S N L A T 1 M 1 . - C 0 S L 2 *CflSL2 

If'*.51 
— -"C*»** DCT6RMINE niRECTlllH OF TRAVEL IN ORDER TO GET NEW LONGITUDE. 

1120 IF (LIIMG2 - L0NG1) 30,35,35 
1123 30 CONTINUE ( 
1123 LONG » L0NG1 - ATAN2ISINA .COSNA! *57o2958 
1130 GO TO 40 I 
1131 35 CONTINUE , J 
1131~ " "' LONG => LtlNGl + ATAN21SINA .COSNA 1*57.2958 
1136 40 CONTINUE ( 
1136 LAT = ATAN2K1. - C0SL2 *C0SL2 l**.5,CnSL2 1«57.2958 
1147 LAT = 90. - LAT 

C * * * * COMPUTE THE NEW PRESENT POSITION COURSE ANGLE. THE DESTINATION FOR 
_ ( • .< * * • EACH CALCtlAATMN IS STILL THE AIRPORT AT LAT2 AND L0.NC2 READ BY 

""' C* *»*CARO NO. 8 6 . THE CURRENT POSITION LATITUDES, LONGITUDES AND COURSE 
C * * * # ANGLES ARE STORED IN THE XI ( 3 0 0 , 3 1 MATRIX. 

l.ATl » LAT 
LHT2 » LA72 
SNIAT11 = S I N I L A T l / 5 7 . 2 9 5 8 ) 
CNLAT11* r.( IS(LATl/57.295(11 
SNLATZ2=SINtLAT2/57.295a) 
rNLAT22= COSUAT2/57 .29581 
CNLGOFF* C0S(ARS(.LnNG2- LONGI /57 .2958) 

1151 
1151 
1153 
l l « 6 
1162 
1166 
1172 
1200 
1204 
1217 
1231 
1240 
1243 
1246 

1251 
1272 
1305 
1307 
1310 
1312 
1315 
1317 
1317 
1323 
iih 
1327 

"l '333~ 

CnSAA =fNl.ATll+CN!.AT22*SNt ATU*SNLAT22*CNLG0FF 
l)ISTT= 3956 . *ATAN( f ( l . -COSAA *COSAA) * * . 5 ) / C 0 S A A l 

_ SIMCC = S"LAT22'- I l . -C.NLROFF»'CNLGDFF1**.5/ ( (1. -COSAA*CO£AA)** .5) 
'"" C0SCr.= t r .NI .AT2C-COSAA*CNLATl l l / ( ( l . -COSAA*COSAA)** .5«5NLATl l ) 

CRSANG = 57.295S*ATAN2(SINCC .COSCC ) 
IF (L0NG2-L0NG142,43 ,43 

42 CRSAMG*360-CRSANG 
C * * * * COMPUTE ABSOLUTE VALI'E OF THE GEOMAGNETIC LATITUDE. THIS ASSUMES 
C* * *» THE SOUTH MAGNETIC POLE IS LOCATED IM THE NORTHERN HEMISPHERE NEAR THE 137 
C * * * * NORTH GEOGRAPHIC POLE AT LATITUDE 7 8 . 5 NORTH AND LONGITUDE 6 8 . 9 WEST. 137A 
C « * A * THE SOUTHERN GEOMAGNETIC HEMISPHERS IS SYMMETRICAL TO THE NORTHERN GEO-138 

124 
125 
126 
127 

B 303535 
C 30 129 

130 
C, 40 131 
C_35. 13? 

133 
C 40 134 

135 
136 

136A 
_136B 

136C 
1360 
136F 
n*f 
13<iG 

_136H 
1361 
136.1 
136K 
1361 
136M 
136N 

' 1360' 
136P 

136 P I 
136P2 

1360 

C * * * * MAGNETIC HFMISPHERE. 
43 Z = f0S(LAT/5T.2958>*SN2T*COS(|LONG 

57.2958)*CNZT 
*• 6 8 . 9 1 / 5 7 . 2 9 5 8 i + S INILAT/ 

LAMBDAI!) « 5 7 . 2 9 5 8 * A P S ( A T A N ( Z / t l . - Z * Z I * * . 5 ) 1 
X I I I , 1) = LAT "" "' 
X K I . 2 I = LONG 
X I I I , 3 1 = CRSANG 

139 
140 
141 
142 
143 
144 

144A 

1346 

C * * * « CONVERT Fl IGHT PATH ALTITUDE FOR THIS INCREMENT TO MASS OF AIR OVERHEAD. 
IF ( IFLB .GT. 1) GO TO 45 
AIT a 0 .5 *ALTTA8( IF I .B I 
10 TO 50 

45 AIT = 0 . 5 * ( A I T T A B ( I F L B I + ALTTAB1IFLft -1) I 
50 CONTINUE 

LNTAIT = TBUUIALT , FTAB, LNTTAB, 1 , 181 
T A L T H I « EXP(LNTALT) 

_C*_**J? LOOK UP THE NO. OF ION PAIRS FOR THIS GEOMAG. LAT. + ALTITUDE. 
I PAIRS - T BIU2 ( LAMBDA ( I I , TALTt I 1.LTA&, TM.TAB, I P T A B . l , 1 , 1 1 , 1 5 , 1 1 . 15 

1) 
C * * * + IPOK [IP THE NEUTRON FLUX FOR THIS GEOMAG. LAT. + ALTITUDE. 

FLIIXN =• T B L U 2 f L A M B D A ( I ) , T A L T ( I ) , L T A B , T A L T A B . N F T A 8 , l , l , l l , 1 5 , l l , 1 5 
I I 



1364 
J 36 5 
136T" 

(•.*•*+» 
c*-*** 
c**** c**** c**** 

c**** c**** c**** c**** JP#**« 
C***« 

r.**** 

OOSE BATES FROM CHARGED PAR-

1371 
1372 
1374 

' 1 376 * 
1402 
1403 
1404 
1406 
1407 
141l~ 
1412 
1415 
1417 

1417 
1435 
1436 
1440 

1441 
144,3 
14« 
1447 
1454 
1455 
1457 
1461 
14ft 1~ 
1463 
1464 
1467 
14TI 
1471 

1474 

CflMVFRT TO MILLIRAUS/HO'W 
TBPSE(NDPS,K> ARRAY (IF INCREMENTAL 
TICLE? AND GAMMA RAY 
NWISE(NDPS,KI ARRAY OF INCREMENTAL DOSE RATES FROM NEUTRONS 
TDOSFTNOPS.KI ARRAY OF INCREMENTAL TOTAL OOSE RATES 
K=L CORRESPONDS TO THE SOIAR MINIMUM CONDITION 
K=2 CORRESPONDS TO THE SOLAR AVERAGE CONDITION 
I D O S E U . I I = IPAIKS*XK 
NDOSE ( t t l l = FLIIXN*XN _ 
TD05C ( 1 , 1 ) •» IDilSE ( 1 , 1 1 * NOOSE ( 1 , 1 ) 
COMPUTE INCREMENT AND CUMULATIVE DOSE IN MILL1RADS IN ARRAYS-
XDOSE (NOPS,J) FOR CHARGED PARTICLES AND GAMMA RAYS 
XOQSEN(NOPS,J) FOR NEUTRONS 
TXDOSHNDPS, J | FOR TOTAL 
J = l CORRESPONDS TO INCREMENTAL DOSE FOR THE SOLAR MINIMUM CONDITION 
J=2 CORRESPONDS TO CUMULATIVE DOSE FOR THE SOI.AR MINIM. CONDITION 
J=3 CORRESPONDS TO INCREMENTAL DOSE FnR THE SOLAR AVER. CONDITION 
,•=.4 CORRESPONDS TO CUMULATIVE OOSE FOR THE SOLAR AVER. CONDITION 
X O O S E ( I . I ) » muse d , i ) * o . i 
X D O S E N d . l l = N O O S F U , ! ) * 0 . 1 
T X D O S F d . l l » XDOSE ( 1 , 1 1 • X 0 0 S E N ( I , 1 ) 
I F ( I . R T . l ) GO Til 80 8 
xnnsE ( i » 2 ) - x n n s s t 1 , 1 ) 
X 0 0 S E N U . 2 ) « X O n S E N I I . l ) 
TXmiSE ( 1 , 2 ) = TXOUSE ( 1 , 1 ) 
GO TO RS G 

XOOSF ( 1 , 1 ) + XDOSE ( 1 - 1 , 2 ) 
XDOSENOf, I ) + XDOSENI1-1,2) 
XO0SEN(I ,2 ) • XDOSE ( t , 2 l 

80 CONTINUE 
" XDOSE ( 1 , 2 ) 

XnOSEN( I ,2 ) 
TxnoSEI1 ,21 

85 CONTINUE 
C * * * * COMPUTE SOLAR AVERAGE Mil URAO/HODR DOSF 

R AT IO=TBLI'?( L AMPOA 11 ) ,TALT( I ) ,LTAB,TALTA8,5nLRAT, 1 , 1 . 1 1 , 1 5 , 1 1 , 1 5 ) 
I D 0 S E U , 2 > - I D O < : E ( I , l ) * R A T i a 
NOOSE(1,2) » NDDSE( I ,1 )«RATI0 
TD0SE( I , 21 » T I M » E ( I , 1 ) » R A T I 0 

C * * * * COMPUTE INCREMENT AND CUMULATIVE DOSE I N MILLIRADS 
xunsE 1 1 , 3 1 • i n n s E i i , 2 ) * o . i 
XnOSEN!t,3) = NOOSE(I,21*0.I 
TX00SEU,3> = XOOSE (1,31 
IF (I.GT.l) <V0 TO »0 

+ XD0SEN(I,3) 

95 
100 

~c'****' 
C*«»* c**** 

XDOSE (t,41 « XOOSE (1,3) 
XnilSEN(I,4) • XDOSENI 1,31 
TXOOSF (1,41 * XOOSF (1,41 • X00SEN(I,4) 
CD TO 95 
"CONTINUE 
«00SE((,4l = X0f)SF(I,3) + X00SE(I-1,4) 
xnoSFN(I,4) » X00SEN(1,3I • XD0SEN(J-1.4) 
TX00S6(/,4) » XOOSE (1,4) + XDOSENI1,41 
CONTINUE 
CONTINUE 

156 
156A 

_ 156R 
156C 
15AD 
156F 
156F 
157 

157A 
1S7B 

158 
158A 
15811 
15 AC 
15SD 
158E 
158F 
15BR 

159 
•1S9A 
15<JR 

"80 160 " 
161 

I M A 
1MB 

05 162 
80 163 

164 
164A 
164B 

85 165 
166 
167 
168 

16RA 
16BH 

169 
ISO 

1R0A 
180R 

90 111 
1R2 

I82A 
18^P 

95 183 
90 1R4 

185 
185A 
185ft 

95 186 
100187 

PRINT OUT LEG INCREMENT RESULTS 

PRINT 1 0 6 0 , < < X I U , l ) , X I U . 2 l , X I ( I , 3 t , L A M B D A U ) , T A L T ( I > » 

1S8 

189 

(o 



I I D O S E I I . I I . I D O S E I I . 2 1 , NDOSE ( I . I I . NOOSE ( 1 , 2 1 , TOOSE ( 1 , 1 ) , 
2TO0SE I T , 2 ) 1 , 1 - 1 . NOPS) 

1060 FORMAT ( lH0.2X,4HLAT.,4X.5Hir)NG..3X.6HCOUR<;F.3X,7I IGEOMAG.,3X. . _ . 
16HATM0S..3X, 27HCHARGFD PARTICLES AND GAMMA.UX. flHNEUTRONS,17X, 
215HTOTAL OOSE RATF. / .19X.5HANGLE,6X,4HLAT.,4X»5H0EPTH,7X,20H00SE R 
3ATF (MREMS/HR),9X,20HD0SE RATE {MR EMS/HR1 , 9 X , 2OHD0SE RAT"= (MREMS/HR 
4 R > , / , 3 8 X . 6 H G R / S 0 . , 3 X , 10HS0I.AR MlN.,5X,10HSOLAR AVG„,5X.10HS0LAR M 
5 I N . . 5 X , 
6 10HSOLAR AVG..4X.10HSnLAR MIN. ,4X,10HS0LAR A V G . , / . 4 0 X . 3 H C M . , / / 
7 U X , 5 ( F T . 2 . 2 X ) . 6 I F 8 . 6 , 7 X ) > ) 

C * * » * ACCUMULATE FLIi'.HT DOSE 
c * * * » srtMIM.SntMINN.SnLMINT - FLIGHT OOSE FROM CHARGED PARTICLES ANO 
C * * « * GAMMA RAYS , NEUTRONS , BOTH FOR SOLAR MINIMUM CONDITIONS 
C * * » * sr iA' /E . SOLAVEN, SDLAVF.T - THE SAME FOR SOLAR AVERAGE CONDITIONS 

1551 SOLMIN = SOLMIN • XOOSE (NOPS,2) 
1552" " "SOIAVF "= SOIAVE • XOnSE ( Nr»PS,4)' 
155* STLMINN= SOLMINN* X00SEN(N0PS,2) 
1555 SOI AVFN* SPLAVEN* XDOSENI N0PS.4) 
1557 STLMINT « SOLMINN + SOLMIN 
1560 SPIAVCT • SOI.AVEN * SPLAVE 
1562 400 CONTINI'F _ . C_ 

C * * * * CAICIIIATE THE AVERAGE OOSE PER FLIGHT PROFILE HOUR 
C**** AnFHM, ADFHMN. AOFHMT - AVERAGE DOSE PER FLIGHT PROFILE HOUR FROM 
C * * « C I " - 1 PARTKLES AND GAMMA RAYS, NEUTRONS, BOTH FOR SOLAR M I N I -
C * * * * M. '. EDITIONS 
C + * * * Al. ..A, ADFHAN, ADFHAT - THE SAME FOR SOLAR AVERAGE CONDITIONS 

1564 A0FH!1 = SOLMIN/BLK 
1565 "ADFHA » SPIAVE/BLK 
1567 AOFHMN * SOLMINN/BLK 
1570 ADFHAN * SniAVEN/BLK 
1572 ADFHMT = ACFHM • AOFHMN 
1573 AUFHAT = ADFHA + AOFHAN 

C* *» * CALCULATE THF AVERAGE DOSE PFR FLIGHT BLOCK TIME FOR 300 HRS. 
" C * * » * A09TJ1, ADBTMN. AOHTMT - AVERAGE DOSE PER BLOCK TIME HOUR FROM CHAR-

C * * « * GEO-PARTICLES AND GAMMA RAYS. NEUTRONS. BOTH FOR SOLAR MINIMUM 
C » « * * CONDITIONS 
C * » * * ADPTA, ADRTAN. AOP.TAT - THE SAME FOR SOLAR AVERAGE CONDITIONS 

1575 ADRTM = SOLMIN/IBLK + 0 . 2 5 1 
15T7 ADBTA » SOLAVF/IPLK + 0 . 2 5 ) . 
1601 ADRTMN = SOLMINN/IBLK + 0 . 2 5 1 
1602 A0P TAN = SOLAVEN/IBLK + 0 . 2 5 ) 
1604 ' ADBTMT = ADBTM • ADBTMN 
1605 AORTAT * ACftTA + ADRTAN 

c* * * * 
1610 PRINT 1070. SOLMIN.SOLMINN.SOLMINT, SOI AVF.SOt AVEN.SOI AVET, 

2AnFHM,Af>FHMN, ADFHMT, ADFHA.AOFHAN.ADFHAT, A08TM,AOBTMN,AOBTMT, 
3ADBTA,AOBTAN.ADRTAT 

1070 F0RMATUH1,/ / ,49X,L3HCHARGED PART. , 5X . BHNEUTRONS. 8X.5HTOTAL, / , 
249X;9HGAMMA R A Y , / / , 
3 IX,4BHT0TAL FLIGHT DOSE FOR SOLAR MINIMUM CONDITIONS = . 3 
AF13 .5 . 30H MILLIREMS PER FLIGHT PROFILE / / 49H TOTAL FLIGHT DOS 
BE FOR SDLAR AVERAGE CUNOITIONS = * , 3 F 1 3 . 5 , " 30H MILLIRFM" 
CS PER FLIGHT PROFILE / / 49H AVO. OOSE / FLIGHT PROFIIE HOUR ISOIA 
OR M I N . ) = . 3 F 1 3 . 5 , 20H MILLIREMS PER HOUR / / 49H AVG. DOSE / FL 
EIGHT PROFILE HOUR (SOLAR AVG.) » . 3 F 1 3 . 5 . 20H MULIREMS PER HOII 
FR / / 49H AVG. DOSE / BLOCK TIME HOUR (SOLAR MINIMUM) * , 3 F 1 3 . S , 

189A 
190 
191 

192 
193 
194 
195 
195A 
196 
197 
198 

198A 
198B 
198C 
199 
200 

200A 
20 OB 
20or 
'2000 

400201 
202 

202A 
202B 
202C 
2020 
203 
204 

204A , 20 4B 
?04C o 
204D 
205 

" "205A " .. . 
205B 
20 5C 
2050 
2(16 
207 

208 - - • • - — 

209 
210 
211 
212 
213 • - - • 

214 
215 
215A 
215B 
216 
217 
218 
219 
220 
221 



G31H MTLLIREHS .' (RLOCK TIME) HflUR // 49H AVG. DOSE / BLOCK TIME H 222 
HOUR (SOLAR AVER4GF.) = .3F13.5.32H MILLIREMS / (BLOCK TIME) HOU 223 
IR, //IX, 42H1 EG BLOCK TIME = PROFILE TI«E * 0.25 HOURS ) 224 

{•**•** SFE IF THERE IS ANOTHER PROBLEM. IF SO —PROCEED. IF NOT EXIT. 231 
1657 G(I TO 1 G 1 232 
1660 999 CAtL EXIT E 999233 
1661 END 234 

PROGRAM LENGTH INCLUDING I /O BUFFERS 

• 0227 

STATEMENT FUNCTION REFERENCES 
LOCATION GEN TAG SVH TAG REFERENCES 

STATEMENT NUMBER REFERENCES 
REFERENCES 
000414 .000.450 000453 001660 

000733 
000744 

000403 



c«»** 
c**** . 
c**** 
c**** 

FUNCTION TRLU2CXl .Yl ,X.Y.F2.NDUMl,N0i )M2,NX.NY.MX,MY) 235 
C * * * * 
C * * * * LINEAR INTERPOLATION SUBROUTINE FOR 2 DIMENSIONAL NON-EQUALLY/ 236. 
C»*»» SPACEP INTERVALS. I'SES BINARY SEARCH SUBROUTINE_BAIMS, 237 

nlHENSION X ( l ) < Y ( l ) . F 2 ( N X i M Y ) 23B 
C + * » * OBTAIN NEAREST POINTS I N TABLE TO I X l t Y l ) . 239 

CALL R A I N S ( X , N X i X l . K X , K l X ) G 240 
21 CALL BA7NS[Y,NY.YI ,KY,K1Y) _ G 2*1 
31 TRLU2= - 0 . 2 *2 
32 IF(KX . F O . 01 GO TO 98 i B 98 2*3 

" 3 7 IF(KY . E Q . O t " C,n TO 93 B 98 2 4 * 
* 0 IF1K1X . N E . 0) GO TO 10 B 10 2*5 
* 1 FX1 = F2IKX.KY) . 2 *6 
*5 I F I K I Y . 6 0 . 0 ) CO TO 60 B 60 2 * 7 
*T FX2 = F2 IKX.K1YI ' 248 
52 GO TO 50 _ _ _ _ _ 2*9 

" 53 10""CONTINUE" " " ~ "~ C 10 250 
53 FX1 = F2(KX.KY1«-1XI -X(KX1I * (F2 IK1X»KYI -F2«KX.KY>>/ 251 

* I X ( K I X ) - X I K X I ) 252 
7* I F I K I Y . E Q . 01 GO TO 60 B 60 253 
75 FX2= F 2 ( K X , K I Y I + ( X l - X ( K X M * t F 2 ( K l X t K l Y ) - ' F 2 1 K X , K l Y J 1 / 2 5 * 

* ( X I K I X ^ X ( K X I ) 255 
116 " 5 0 CONTINUE C 50 256 
116 T0HI7= F X l # m - Y t K Y ) ) * ( F X 2 - F X l > / ( Y I K l Y ) - Y < K Y ) l 257 
126 RETURN R 258 
127 60 CONTINUE C 60 259 
127 T[UIJZ = FX1 260 
131 _ RETURN R_ 261 
131 98 CONTINUE C 98 262 

C**** 
131 PRINT 9 9 8 . X1»Y1 " " " " " " "'" 263 

998 FORMAT<*0»**$* ERROR EXIT FROM T3LUZ, THE POINT I * F 6 . 2 , * . * . 2 6 * 
* F 6 . 2 , * l * , 2Xt *OOES NOT L IE WITHIN TABLE L IM ITS* ) 265 

, _£* * * *_ 
1*6" RETURN R 266 
147 END E 267 

.SUBPROGRAM. .1ENGT H 

00226 

STATEMENT FUNCTION'REFERENCES 

LOCATION GEN TAG SYM TAG REFERENCES 

STATEMENT NUMBER REFERENCES 

LOCATION GFN TAG SYM TAG REFERENCES 
00005* L00037 10 0000*1 



12 
13 
20 

21 
22 

"23 
23 

c * * * * 
FUNCTION TRLUl<X.XTAR,FTB fNDI)M,NX) _ . 

" " " ( • * * * * 

C * * » * LINEAR INTERPOLATION SUBROUTINE FOR 1-DIMENSIONAL NC1N-UNI FORM 
niHFNSIim X T A B l l W F T B U ) 

C * * * * OBTAIN VALUE CLOSEST TO X BY BINARY SEARCH. 
CALL BAINSIXTAB,NXiXtK,Kl> 

_C*J**+_1F P H I N T OUTSDF TABLEi TAKE ERROR E X I T . 
TBLUl= - 0 . 
IF IK .EQ. 01 GO TO 99 
I F l K l , N E . 0 ) GO TO 10 

C * * * + POINT I S A TABLE VALUF. 
TBLtll= FTB<K! 
RETURN 

... .L..268.. 

W E R V A I S . 
2 TO 
271 

0 272 
273 
2 74 

B 99 275 

10 CONTINUE 
TRLUl« * 

34 RETURN 
34 1 9 CONTINUE 

C * * * * 
"34 PRINT 999 r 

999 FORMAT 1 * 0 * * * * 
* 

c * * * * , 
45 RETURN 
47 END 

FTB(K>MX-XTAB<K|»*<FTB(K1>-FTB<K)>/ 
CXTAB<K1I-XTAB(K)> 

ERROR EXIT FROM TBLU1. THE POINT X 
•OOES NOT L I E WITHIN TABLE L I M I T S * ) 

' * t , F 6 . 2 , 

10 276 
278 
278 
2 BO 

10 2ftl 
282 
283 
284 

99 285 

286 
287 
2HB 

2B9 

SUBPROGRAM LENGTH 

00105 _ 

STATEMENT FUNCTION^REFF.RENCES 

LOCATION GFN TAG SYM TAG 

STATEMENT NUMBER REFERENCES 

LOCATION , GEN TAG 
000024 L00022 
000035 L00024 
000056 C00004 

SYM TAG 
10 
99 
999 

REFERENCES 

REFERENCES 
000021 
000020 
000035 

BLOCK NAMES ANO LENGTHS" 

VARIABLE REFERENCES 

LOCATION GEN TAG SYM TAG 
000103 V00007 K 
"000104 VP0010' Kf 
000102 VOO0O6 TBLU1 

START OF CONSTANTS-0O0052 

REFERENCES 
000010 000017 000024 
"000011 000020 000025" 
000017 000022 000034 

TEMPS—000071 

000046 

INDIRECTS-OOOIOV 



c*** * 
c * * * * SUBROUTINE BAINSI SLIST, MM, Z, K ,K1> 291 

DIMENSION Sl.ISTdl 2»2 
C**** SLIST=TAULE, WHICH MUST BE MONOTDNICALLY INCREASING 293 
C**** OR MONOTONICALLY DECREASING _ _ 29* 
C**** H= NUMBER OF ENTRIES IN SLIST 295 
C**«* Z=VAUIE TO BE FOUND IN TABLE _ , 296 

" C**** K=SIIBSCRIPT OF VALUE IN TABLE NEAREST TO Z 297 
C**** PROGRAM RETURNS K • 0 IF Z IF OFF TABLE. 29a 

M<=MM 299 
7 K l = 0 300 

10 " L U 1 301 
I t L2*M 302 

~12 "k = l ~ 303 
C**** CHECK IF MONOTCINICALLY DECREASING. IF SOf GO TO JO 304 

13 IF (SLIS T UI .GT. SLISTI2II GO TO 50 B 50 305 
IT IF»7.-SI!ST|1U t , t 5 . 3 A I .U5.3 
21 3 K*M 307 
22 !f(SLTS'r<M>-Z! t . l S t j ! 8 1 ,15 ,9 

~2S V K'M/2 • ~ . 3 0 9 
26 IF(Z-SLIST(K>) 2 0 , 15 , Z9 _ . _ _ _ B 201529 
31 20 L2=K 312 
32 GO TO 23 _ G 23 313 
33 29 L1=K 3 1 * 
3* 23 IF1L2-L1-1) 1 ,14 ,25 R l , 1 4 , 2 5 , . 
37 25 M=Ll fL2 ~ 316 
41 GO TO 9 _ _ G 9 317 ' 
42 14 CONTINUE C 14 318 i£ 
42 K= LI 319 l 
43 1F(2.*Z .GT. (SLIST(Ll) + SLIST<L2)H K«L2 '" B 320 
51 Kl» L2 321 

"52 "' IF(K .EQ. L2f "kl*Li B 322 
54 GO TO IS _ __ G IS 323 
55 1 K * 0 " ' - - - 3 3 3 

56 15 RETURN R 3.34 
C**** PROCFOMRE FOR HONOTONSCALLY DECREASING'SEQUENCE. ~ ""'" 335 

57 50 CONTINUE C 50 336 
~57 IFIZ-SLIStllfl 55,15,1 B55.15.1 
61 55 CONTINUE C 55 338 
61 K= H " 339 
62 IFtSI ISTIMI-Z1 6 0 , 1 5 , 1 _ B701565 
65 60 CONTINUE "" " " ~ C60 341 

_65 K= M/2 3*2 
66 ~ iFIZ-SLISTIK)) 70,15,65 0701565 
71. 65 CONTINUE _ _ C65 344 
7 1 " L2» """''K "' "" """ " 345 
72 GO TO 80 G 80 346 
73 70 CONTINUE ' ~ C 70 347 
73 L'l=K 34S 

"""74 86" CONTINUE C80 349 
74 _ IFIL2-L1-II 1 ,90 ,85 8 1 , 9 0 , 8 5 

"77 85 CONTINUE " '"" ~ ~ C 85 351 
77 M» L1+L2 352 

101 GO TO 60 " G 60' 353 



AIR OEPTH TABLE IGM/CH**2> TALTABs 

30 40 50 59 60 70 80 90 100 120 140 200 245 300 1034 

GEOMAGNETIC ION PAIR DATA (ION PAIRS / CM**3 / SEC) IPTAB 
LATITUDE 

88 4 4 5 . 0 4 3 0 . 0 4 1 4 . 0 4 0 1 . 5 3 9 9 . 0 3 8 3 . 0 3 6 6 . 0 3 4 9 . 0 332 .0 2 9 8 . 0 2 6 6 . 0 1 8 L . 0 1 3 6 . 0 9 5 . 0 1 1 . 4 

81 4 4 5 . 0 4 3 0 . 0 4 1 4 . 0 4 0 1 . 5 3 9 9 . 0 3 8 3 . 0 3 6 6 . 0 3 4 9 . 0 332 .0 2 9 8 . 0 2 6 6 . 0 1 8 1 . 0 1 3 6 . 0 9 5 . 0 1 1 . 4 

65 4 4 4 . 0 4 3 0 . 0 4 1 4 . 0 4 0 1 . 5 3 9 9 . 0 3 8 3 . 0 3 6 8 . 0 3 4 9 . 0 332 .0 2 9 8 . 0 2 6 6 . 0 1 8 1 . 0 1 3 6 . 0 9 5 . 0 1 1 . 3 

56 4 1 1 . 8 4 0 4 . 3 3 9 4 . 4 3 8 4 . 0 _ 3 8 2 . 0 3 6 9 . 0 3 5 4 . 8 3 3 9 . 4 3 2 3 . ° 2 5 2 . 3 261 .5 1 8 1 . 0 1 3 6 . 0 9 5 . 0 1 1 . 2 

"53 3 2 5 . 6 ' " ~ 3 3 3 . ' 0 ~ 3 4 0 . b 3 3 5 . 8 " 3 3 5 . 0 330"."b~3iz".5 303."o"-'.Vo'o'fO 2 8 5 . 0 ~264.b" " l 8 1 . 0 1 3 4 . 0 9 5 . 0 ' " 1 1 . 1 

50 3 0 0 . 0 3 0 5 . 0 3 1 0 . 0 3 0 6 . 0 3 0 5 . 0 300.0. 2 9 0 . 0 2 8 5 . 0 2 8 0 . 0 2 5 5 . 0 2 3 0 . 0 1 7 3 . 0 1 2 6 . 0 9 5 . 0 1 1 . 0 

40 185 .0 1 9 5 . 0 20R.O ' 208 .0 2 0 8 . 0 2 0 8 . 0 2 0 8 . 0 2 0 8 . 0 2 0 8 . 0 1 9 5 . 0 1 8 5 . 0 1 3 5 . 0 1 0 3 . 0 7 5 . 0 1 0 . 6 

30 127 .6 1 3 7 . 0 1 4 5 . 0 1 4 9 . 0 1 5 0 . 2 153 .8 1 5 5 . 8 1 5 6 . 0 154 .6 1 4 9 . 7 142.2 1 1 1 . 3 8 7 . 0 6 6 . 6 1 0 . 4 

'~20 ai'.'d 9276""~987o 9 9 . 6 ~ ~ i 6 6 T o — " 1 0 2 . 6 i 6 5 T o " _ r o 7 . o n o T o ibsYb" "105.0 a'O.b 77.6" 6b.~o ~io.b ' 

10 7 0 . 0 7 5 . 0 8 2 . 0 8 4 . 0 8 5 . 0 8 9 . 0 9 3 . 6 9 5 . 0 100 .0 9 8 . 0 9 5 . 0 6 0 . 0 6 8 . 8 5 0 . 0 1 0 . 0 

6 6 . 3 7 3 . 8 8 0 . 0 8 3 . 5 8 4 . 8 8 8 . 5 9 1 . 1 9 2 . 6 9 3 . 5 9 3 . 4 9 0 . 5 7 5 . 0 6 2 . 3 4 8 . 0 1 0 . 0 



AIR DEPTH TABLE IGN/CM**2) TALTAB. 

30 40 50 59 60 70 80 90 100 120 140 200 245 300 103* 

GEOHAGNET tC SOLAR AVERAGE ATMOSPHERIC CORRECTION FACTOR <GM/CM**2) SOIRAT. 
LATITUDE 

aa . 7 5 0 . 7 6 5 . 7 8 0 . 7 8 8 . 7 9 0 . 8 0 0 . 810 . 8 2 0 . 8 3 0 . 8 4 0 . 8 5 0 . 8 8 0 . 8 9 5 . 9 1 0 1 . 0 0 0 

81 . 7 5 1 . 7 6 6 . 7 8 2 . 7 8 9 . 7 9 0 . 8 0 0 . 8 1 0 . 8 2 0 . 8 3 0 .1140 . 8 5 0 . 8 8 0 . 8 9 5 . 9 1 0 1 . 0 0 0 

~" 65 ~"" . 7 5 5 . 7 7 0 . 7 8 5 . 7 9 3 . 7 9 4 . 8 0 1 " . 8 1 1 . 8 2 0 . 8 3 0 . 8 4 0 . 8 5 1 .881 . 8 9 6 . 9 1 0 1 . 0 0 0 

56 . 7 7 4 . 7 8 3 . 7 9 5 . 8 0 0 . 8 0 1 . 8 0 7 . 8 1 6 . 8 2 4 . 8 3 2 , 8 4 2 . 8 5 2 . 8 8 1 . 8 9 7 . 9 1 1 1 . 0 0 0 

53 . 7 8 6 . 7 9 3 . 8 0 3 . 8 0 6 . 6 0 7 . 8 1 2 . 8 2 0 . 6 2 6 . 8 3 4 . 8 4 2 . 8 5 3 . 8 8 1 . 8 9 7 . 9 1 1 1 . 0 0 0 

50 . 8 0 1 . 8 0 7 . 8 1 5 . 8 1 7 . 8 1 7 . 8 1 9 . 8 2 6 . 8 3 1 . 8 * 8 . 8 4 5 . 8 5 5 . 8 0 4 . 8 9 8 . 9 1 1 1 . 0 0 0 

40 . 8 9 7 . 9 0 0 . 9 0 4 . 9 0 6 . 9 0 6 . 9 0 7 . 910 . 9 1 2 . 9 1 4 . 9 1 4 . 9 1 6 . 9 2 0 . 9 2 6 . 9 3 1 1 .000 

" 3 0 . 9 3 6 . 9 3 8 " . 9 4 1 " ". 943 . 9 4 3 . 9 4 4 . 9 4 6 . 9 4 6 . 9 4 8 . 9 4 8 . 9 4 9 . 9 5 1 . 9 5 1 . 9 5 1 1 . 0 0 0 

20 . 9 5 9 . 9 6 1 . . 9 6 2 . 9 6 3 . 9 6 3 . 9 6 4 . 9 6 6 

. 9 7 3 . 9 7 5 

. 9 6 7 . 968 . 9 6 8 . 9 6 8 

. 9 7 7 . 9 7 8 

.968 

. 9 7 9 

. 9 6 8 

" . 9 7 9 " " 

. 968 

. 9 7 9 " 

1 .000 

1.000""" 10 . 9 6 9 . 9 7 1 . 9 7 2 . 9 7 3 . 9 7 3 

. 9 6 4 . 9 6 6 

. 9 7 3 . 9 7 5 . 9 7 6 . 9 7 6 

. 9 6 8 . 9 6 8 

. 9 7 7 . 9 7 8 

.968 

. 9 7 9 

. 9 6 8 

" . 9 7 9 " " 

. 968 

. 9 7 9 " 

1 .000 

1.000""" 
1 

0 . 9 7 4 . 9 7 6 . 9 7 7 . 9 7 8 '"" , 9 7 8 " . 9 7 9 "" ' . 980 ' " . 9 8 1 . 9 8 2 . 9 8 2 . 9 8 3 . 9 8 4 . 9 8 4 . 9 8 4 1 . 0 0 0 c 
1 

LOG OF AIR DEPTH VALUES LNTTAB. 

6 .94022 6 .69827 6 .44572 """6.17794 "" 5 . 8 9 9 9 0 5 . 6 0 2 1 2 5 .29330 4 .976 73 4 . 6 7 2 8 3 

4 . 3 5 1 5 7 4 .0377T 3 .72810 3 . 4 1 7 7 3 3 .113S2 2 . 8 1 5 4 1 " 2 . 5 1 7 7 0 2 .21485 1 .92279 

59100 

6560 

"65600"" 

ALTITUDE IN FEET FTAB. 

13100 19700 

72200 78700 

26200 

85300 

32800 39400 

"98400" 

45900 

105000 

52500 

112000 



AIR DEPTH TAPLE IGM/CH**2) TAI.TAB. 

30 40 50 59 60 70 80 90 100 120 140 200 245 300 1034 

GEOMAGNETIC 
LATITUDE 

_ . NEUTRON FLUX DATA IM/CH**2/SEC) NFTAB 

88 S.66 4". 65 4.06 3.68 3.63 3.30 3.04 2.79 2.54 2.28 2.03 1.44 I.10 .80 0.00 

81 5.66 4.65 4.06 3.68 3.63 3.30 "3.04 2.79 2.54 2.28 2.03 1,44 I.10 ,80 0.00 

""65 " 5.66 4.65 4.06 3.68 3.63 3.30 3.04 '2.79 2.54 2.28 2.03 1.44 I. 10 .80 0.00 

56 5.55 4.56 3.98 3,61 3.S6 3.23 2.98 2.73 2.49 2.23 1.99 1.41 1.08 .78 0.00 

53 5.3B 4.42 3.36 3.50 "3.45 3.13 2.39 " 2 . 6 5 2 . 4 1 "" 2.17 1.93 1.37 1.05 .76 0.00 

50 5.26 4.32 3.78 3.42 3.38 3.07 2.B3 2.59 2.36 2.19 1.39 1.34 1.02 .74 0.00 

40 4.02. 3.30 2.88 2.61 "Z.58 2.34 2.16 1.98 1.80 1.62 1.44 1.02 .78 .57 0.00 

" 30 2.66 2.19 1.91 1.73 1.71 1.55 1.43 1.31 1.19 1.07 .95 .68 .52 .38 0.00 

20 1.92 l.sa 1.38 1.25 1.23 1.12 1.03 .95 .86 .78 .69 .49 .37 .27 0.00 

10 1.70 1.39 1.22 1.10 1.09 .99 .91 .84 .76 .68 • 61 .43 .33 .24 0.00 

0 " 1.S3 1.26 1.10 .99 .98 .89 .82 .75 .69 .62 .55 .39 .30 .22 0.00 



L I S T OF AIRPORTS 

CODE NAME OF AIRPORT LATITUDE ,_. LONGITUDE 

ABD 30.20 48.16 
ABO 35.05 -106 .40 
ACA 16.51 -99 .55 
ACC 5.33 - . 1 3 
ACF 28.57 - 1 3 . 3 2 
ADD 9.00 33.50 
ADL - 3 4 . 5 a 138.32 
AGA 30.26 

34.43 
- 9 . 3 6 

AGP 
30.26 
34.43 - 4 . 2 5 

AGR 
AJA 

27.12 
' ' "" 41.55 

77.59 
fl.44 

AKL 
ALA 

-36 .53 
43.15 

174.45 
76. 5? 

ALG 36.42 3.08 
AHA 35.13 -101 .49 
A MM 
AHS 

31.57 
" "'" 52.17 " 

35.56 
4.40 

ANC 61.13 -149 .53 
APW - 13 .50 -171 .44 
ASH -25 .16 

3T.5B-
- 5 7 . 4 0 

ATH 
-25 .16 

3T.5B- 23.43 
ATL 33.45 - 8 4 . 2 3 
AIIH 23.3 r 58.35 
AI'S 30.16 -97 .45 
BAH 26.00 50.30 
DAK 40.23 49.51 
OAL 39.11 -T6 .40 
BCN 
BOA 

41.23 
32.20 

2 .11 
-64 .4S 

BOI 13.10 -59'. 32 
BEG 44.50 20.30 
BER 52.31 13.24 
BEY 33.40 35.30 
BGW 33.20 44.26 
HHX 52.3 0 - 1 . 5 0 
BHZ -10 .55 -43 .56 
BJD 47. 30 19.05 
BHA 59.21 17.55 
RNE - 2 7 . 2 7 153.11 
BOB -16 .30 -151.45 
BOG 33.28 -95 .13 
BOH 10.05 72.52 
BOS 42.21 -71 .04 
BPL 
BRH 

40.26 
50.54 

30.31 
4.30 

BRS 51.27 - 2 . 3 5 
BSL 47.33 7.25 
BTH u . j e - 16 .39 
BTS 48.'^0 17.10 
RUE -34 .49 -58 .32 
8UF 42.52 -76 .43 
B!1H 44.26 26.06 
BUR ' 34.12 -118 .18 
BJV - 4 . 1 4 I S . 14 

AIRPORT 

ABA DAN, IRAN " 
AlBUqi lERWIE, N . H . , itSA. 
ACAPULCQ, MEXICO 
ACCRA, GHANA 
ARRECIFE. CANARY I S . 
ADDIS AREBA. ETHtlPIA 
ADELAIDE, S . AUSTRALIA 
AGADIR, MOROCCO 
MALAGA, SPAIN 
AGRA, INDIA 
AJACCIO, CORSICA 
AUCKLAND. NEW ZEALAND 
ALMA-ATA. USSR 
ALGIERS, AIGERIA _ 
AMARILLO. TEXAS, USA 
AMMAN, JORDAN 
AMSTERDAM, NETHERLANDS 
ANCHORAGE, ALASKA, USA. 
APIA, C SAMOA 
!\S1INC10N, PARAGUAY . 

"ATHENS, GREECE 
ATALANTA, GA., USA 
ABU DAHARI, TRUCIAL OMAN IHUSCAT, MUSDATI 
AUSTIN, TEX, USA 
BAHRAIN IS., ARABIAN GULF 

_BAKU, USSR 
BALTIMORE, MD.,' USA 
BARCELONA, SPAIN 
BERMUDA, ATLANTIC OCEAN 
BARRAOrS, WEST INDIES 
BELGRADE, YUGOSLAVIA 

_BERIIN, GER. FED. REP. 
BEIRUT, LEBANON 
BAGHDAD, IRAQ 
BIRMINGHAM, ENGLAND 
BEIO HnRIZtlHTE, BRAZIl 
BUDAPEST, HUNGARY 
STOCKHOLM, SWEDEN-BROMMA__ARPT _ _ 

"BRISBANE-EAGLE FARM ARPT, flUEENS., AUSTRALIA 
BORA-BORA, POLYNESIA 
RUGOTA, COLOMBIA 
BOMBAY, INDIA-SANTA CRUZ ARPT 
BOSTON, MASS., USA 

_KIEV, USSR 
BRUSSELS, BELGIUM 
BRISTOL. ENGL A W 
BASEL, SWITZERLAND (BALE) 
BATHIIRST, GAMBIA 
BRATISLAVA, CZECHOSLOVAKIA 
BUENOS AIRES-EZEIZA AEROPUERTfl, ARGENTINA 

"BUFFALO, N . Y . , USA 
BUCHAREST, ROMANIA 

"BURBANKf C A L I F . , USA 
BRAZZAVILLE, CONGO R E P . 



CAI 3 0 . 0 8 31.24 
CAN 2 3 . 0 6 113 .16 
CAS 33,3<! - 7 . 3 5 
CCH 44.5(1 - . 3 4 
r,Hr - 4 3 . 4 2 172 ,38 
CIA 4 1 . 4 8 1 2 . 3 6 
CIT 3 4 . 0 8 - 1 1 8 , 0 8 
CMB 6 .56 7 9 . 5 1 
CMS - 1 6 . S I 145.43 
r.nK 9 . 58 T6.15 
CPH 5 5 . 4 0 12 .35 
C M 5 5 . 4 0 12.35 
CPT - 1 4 . 0 2 18.28 
csn - 3 4 . 5 2 - 5 6 . 0 2 
CHH 5 3 . 3 5 - 6 4 . 2 7 
CVG 3 9 . 0 6 

- 2 4 . 5 3 
8 4 . 3 1 

CVO 
3 9 . 0 6 

- 2 4 . 5 3 113 .40 
OAC 2 3 . 4 3 9 0 . 2 5 
DM4 S3. 30 36 .19 
OAR 1 2 . 2 3 130.44 
OCA 4 2 . 1 9 - 8 3 . 2 5 
DEL 2 8 . 3 5 77 .07 
OCN 3 9 . 4 3 - 1 0 5 . 0 1 
D6T 4 2 . 2 0 - 8 3 . 0 3 
OHA 2 6 . 1 1 5 0 . 0 3 
I1KR 1 4 . 4 0 - 1 7 . 2 6 
!>LA 4 . 0 3 9 . 4 2 
DIE S5.25 

2 5 . 1 7 
3 7 . 3 5 

noil 
S5.25 
2 5 . 1 7 5 1 . 3 2 

ORW - 1 2 . 2 1 130 .50 
DTT 4 2 . 1 3 - 8 3 . 2 2 
DTW 4 2 . 2 5 - 8 3 . 0 1 
OUR - 1 9 . 5 5 3 0 . 5 6 
DXB 2 5 . 1 a 5 5 . 1 8 
E1» . 1 9 3 2 . 2 5 
ELD 6 1 . 1 4 - 1 4 9 . 5 4 
ESR 3 9 . 5 6 32 .52 
EVN 4 0 . 1 0 4 4 . 3 1 
EZE - 3 4 . 4 9 - 5 3 . 3 2 
H I 6 4 . 5 1 - 1 4 7 . 4 3 

FCO 4 1 . 4 6 12 .13 
F IN - 6 . 3 5 147 .50 
FNC 3 2 . 3 0 - 1 6 . 5 4 
FNG 3 9 . 0 0 125 .47 
FRA 5 0 . 0 2 8 .33 
Kill. 3 . 0 9 101.43 
KIM 9 . OS 167 .20 
KWI 2 9 . 3 0 4 7 . 4 5 
LAD - f l . 48 13 .14 
IAP 2 4 . 1 0 - 1 1 1 . 1 0 
LAS 3 6 . 1 1 - 1 1 5 . 0 8 
LAX 3 3 . 5 6 - 1 1 8 . 2 4 
LBS 3 3 . 3 5 - 1 0 1 . 5 1 
LRG 4 A. 56 2 .26 
LBZ - 2 9 . 5 5 3 0 . 5 6 
LBH 5 1 . 0 9 - . 2 1 
LHR 5 1 . 2 ? - . 2 8 
L ID 6 0 . 0 1 3 0 . 1 7 
L1H 2 1 . 5 9 - 1 5 9 . 2 1 
L I H - 1 2 . 0 3 - 7 7 . 0 3 
L I N 4 5 . 2 T 9 . 1 6 

CAIRO-INT. ARPT. ARAB REP. OF EGYPT 
CANTIIN, CHINA (GUANGZHOD.ZHG) 
CASABLANCA, MOROCCO 
CALCUTTA. INDIA _ _ _ 
CHRISTCHMRCH, N . 2 . 
RnHe-CIAHPINtl ARPT, ITALY 
CALTECH 
COLOMBO, CEYLON 
CAIRNS, QUEENS. AURTRALIA 
COCHIN, INDIA , . 
COPENHAGEN 
COPENHAGEN, DENMARX 
CAPETOHN-HAtAN ARPT, REP. S. AFRICA 
MONTFVIDFO-CARRASCO AEROPHFRTD, URUGUAY 
CHURCHILL FALLS, NFLE., CANADA 
CINCINNATI, OHIO, USA . 
CARNARVON, H. AUSTRALIA 
DACCA, BANGLADESH 
OAMASCUS-MEZZE ARPT, ARM REP, OF SYRIA 
DAR ES SALAAM, TANZANIA 
WASHINGTON OC-NATIONAL ARPT, USA 
0ELH1-PALAM INT. ARPT, INDIA _ _ 
DENVER, COIfl., USA 
DETROIT, MICH., USA 
DHAHRAN, SAUDI ARABIA (A2-ZAHRAN) 
DAKAR, SENEGAL 
DnllAlA, CAMEROON 
HdSCOW, IISSR-DOMODEOnvo ARPT __ 
DOHA Un-DAWMAH) QATAR, ARABIA 
DARHIN, NT. AUSTRALIA. ' 
DFTRniT-METRCIPPI ITAN WAYNE CO. ARPT., MICH., USA Cj 
DETROIT, MICH-METROPOLITAN APT I 
DURBAN, REP OF S. AFRICA 
D'IPAl (DIIBAYYI, TRIXIAL OMAN 
KAHPALA, UGANDA (ENTEBBE! 
ELMENDORF, AF8. ALASKA, USA 
ANKARA-fSENBOGA ARPT, TURKEY 
EREVAN, ARMENIA, USSR (YFREVAN1 
BUENOS ATRES-EZEIZA AEROPIIERTn, ARGENTINA 

_FAIRR»NKS, ALASKA, USA , 

ROME-LE<)N»MJO DA VINCI DI FIIMICINO ARPT, ITALY 
FINSCHH6PF.N, NEW GUINEA 
FIINCHAl, MADER1A. IS. 
PYONGYANG, N. KOREA 
FRANKFORT, GERMAN FEDERAL REP. . 

"KUALA LUMPUR, MALAYSIA 
KUAJALEIN, MARSHALL IS. 
KUWAIT, KUfAIT 
LUANDA, ANGOLA 
I APA2, MEXICO 
LAS VEGAS, NEV., USA _ _ , 

"LOS ANGELES-INTERNATIONAL ARPT, CALIF., USA 
LUBBOCK, TEXAS. USA 
PARIS. FRANCE-LE 80URGET ARPT 
DURBAN. REP. S. AFRICA 
LONDON, ENP1AND-GATWICK ARPT 
LONDON, ENGLANO-HEATHROH ARPT 
LENINGRAD, USSR (KOLON'AGI APT"! 
LIHIIE, KAIIAt HAWAII, USA 
LI(U» PERU 
MILAN,' ITALY-FORLANINI-LINATE 



U S 
LJU 
LON 
LOS 

"LPA ' 
LPB 
LP» 
LUX 
HAA 
KID 
MBA 
MBJ 
HCT 
HDL 
HOY 
MEL_ 
MLV 
MMM 
MNl 
MOW 
HSY 
MVD 
MHII" 
MXP 
H2T 
NAN 
NAP 
HAS 

"NAT " 
NPn 
NCE 
NLK 
OAK oos 

""GHV 
GtG 
GUM 
GVA 
HAN 
HAV_ 

" HBA 
HFL 
HGS 
HIR 
KKG 
HLZ_ 
IINL 
HRK 
tAI) 
I AH 
lez 
ico 

"lev 
IKT 
IND 
IPC 
ISP 

_<ST_ 
ITQ 
I XM 
IVK 
I IN 

311.43 
4 6 . 3 3 
5 1 . 4 0 

ft.37 _ 
2 a . 06 

- 1 6 . 3 0 
19 , W. 
4 9 . 3 7 
I t . 0 0 

_ 4 0 . 2 8 _ 
- 4 . 0 1 
1 8 . 3 0 
2 3 . 3 t 
2 2 . 0 0 
2 8 . 1 3 

- 3 7 . 4 9 _ 
6 . 1 3 

-77.50 
14.34 
55.45 
2 9 . 5 8 

_-34.5J_ 
- 2 2 . 1 6 

4 5 . 3 8 
2S .13 

- 1 7 . 4 3 
4 0 . 5 1 
2 5 . 0 5 _ 
- 5 . 4 7 
- 1 . 1 7 
4 3 . 4 0 

- 2 1 . 0 3 
3 7 . 4 7 
4 6 . 2 8 _ 
6 9 . 15 

- 2 2 . 5 0 
13 .29 
4 6 . 1 3 
2 1 . 0 2 
2 3 . 0 8 

- 4 2 . 5 1 
6 0 . 1 0 

8.30 
- 9 . 2 1 
2 2 . 2 0 

J : 3 7 . 4 7 _ 
2 1 . 2 0 
5 0 . 0 0 
3 8 . 5 7 
3 9 . 5 9 
3 8 . 5 4 
3 5 . 1 1 
5 0 . 2 6 " 
5 2 . 1 6 
3 9 . 4 6 

- 2 7 . 0 8 
4 0 . 4 4 
4 0 . 5 8 
1 9 . 4 3 

9 . 5 6 
3 5 . 3 9 
3 8 . 2 5 

- 9 . 0 8 
1 4 . 3 1 

. 1 5 
3 . 14 

15 .24 
- 6 0 . 0 9 
102 .08 

6 . 1 0 
7 8 . 1 5 
- 3 . 3 4 
3 9 . 4 0 

-77.55 
5 8 . 3 5 
9 6 . 0 5 

- 1 7 7 . 2 6 
_ 1 4 4 . 5 8 _ 

-10.47 
166 .25 
121.01 
37.42 

- 9 0 . 0 7 
_ - S 6 . 1 1 _ 

166 .27 
8 . 4 4 

- 1 0 6 . 2 5 
177.25 
14.17 

-77.21_ 
-35.13 

3 6 . 4 9 
7.14 

1 6 7 . 5 6 
- 1 2 2 . 1 3 

30 .44 _ 
- 5 3 . 3 3 
- 4 3 . 1 5 
144.48 

6 . 0 9 
1 0 5 . 5 1 
- 8 2 . 2 2 
1 4 7 . 1 9 

2 4 . 5 8 
- 1 3 . 1 5 
1 5 9 . 5 7 
114 .12 
175.17_ 

-157.55 
3 6 . 1 5 

- 7 T . 2 7 
- 9 5 . 2 7 

1 .26 
3 3 . 2 3 _ 
30.31 

104.20 
- 8 6 . 0 9 

-109.23 
-73.13 

- a . 4 9 _ 
-155.05 

78.08 
- 1 1 7 . 4 9 

2 7 . 0 9 

LI Sans, PORTUGAL 
LJUBLJANA, YUGC1SLA"IA 
LONDON 
LAGOS-IKEJA ARPT, NIGERIA _ 
LAS PALMA5. CANARV I S 
LA PA;., niuiviA 
LUANG PRA8ANG, LAOS 
LUXEMBOURG, LUXEMBOURG (FINDELI 
MAORAS, INDIA 
MADRID, SPAIN IBAKAJASL 
MOMBASA, KENYA 
MONTEGO RAY, JAMAICA 
MUSCAT, OMAN (MASQAT) 
MANDALAY, BURMA 
MIDWAY ISLAND, PACIFIC OCEAN 
MELBOURNE-TULLAMARINE ARPT, V I C . AUSTRALIA 
MONROVIA, LIBERIA 
MC NURDO, ANTARCTICA 
MANILA-INT. ARPT, PHILIPPINES 
MOSCOW 
NEW ORLEANS, LA., Ml* 
MONTEVIDEO, URUGUAY _ 
NOUMEA, NEW CAL-HAGENTA ARPT 
MILAN, ITALY-NAtPENSA ARPT 
MAZATLAN, MEXICO 
NANDI, FIJI IS. 
NAPLES, ITALY (NAPOLII 
NASSAU, 3AHAHAS . 
NATAL, BRAZIL 
NAIROBI, KENYA (ENTEBBE! ' 
NICE, FRANCE (COTE O'AZURI Jj 
NnRFtlLK, IS. PACtflC OCEAN I 
OAKLAND, CALIF., USA 
C1DES.SA, USSR _ _ 
SnnilAVN, GREENLAND 
RIO OE JANEIRO, BRMIL IAEP.OPORTO DO GALEAnl 
GUAM, MARIANAS (AGANA NASI 
GENEVA-HEYRIN 
HANOI, K VIETNAM 
HAVANA, CUBA _ _ _ . 
HIIBART, TASMANIA 
HELSINKI, FINLAND 
FREETOWN, SIERA LEONE 
HONIARA, GUADALCANAL, SOLOMON 
HONG KONG, BR CROWN COLONY 
HAMILTON, NEW ZEALAND „ _ 
HONOLULU, 0AI1U HAWAII, US iT 
KHARKOV, USSR 
WASHINGTON DC-DULLES INTERNATIONAL AIRPORT, USA 
HOUSTON (INTERCONTINENTAL APT I TEXAS, USA 
IOIZA, SPAIN 
NICOSIA., CYPRUS 
KIEV, USSR 
IRKUTSK, USSR 
INDIANAPOLIS, I HO., USA 
EASTER ISLAND, PACIFIC OCEAN 
ISL1P, N.Y., USA 
ISTANBUL, TURKEY (HAVA_ALANIJ_ . 
HILO, HAWAII, USA" 
MADURAI, INDIA 
INYOKERN, CALIF., USA 
IZMIR, TURKEY 



JRK 37 .57 - 1 2 2 . 2 8 
JFI) 2 4 . 3 0 4 6 . 4 3 
JFK 4 0 . 3 8 - 7 3 . 4 7 
JKT - 6 . 1 0 106.48 
JLT 50 .26 3 0 . 3 1 " 
JUN 5 8 . 20 - 1 3 4 . 2 7 
KBL 3 4 . 3 0 6 9 . 1 0 
KOH 31 .32 6 5 . 3 0 
KDI - 3 . 5 7 122 .35 
KEF 6 4 . 03 - 2 2 . 3 6 
KH1 2 4 . 5 1 6 7 . 0 2 
KIE - 6 . 1 3 155 .38 
KIM - 2 3 . 4 3 2 4 . 4 6 
K I N I S . 0 0 - 7 6 . 5 0 
KNU 26 .28 BO. 20 
KOA 21 .24 -15 7.44 
KOI SB. 59 - 2 . 5 8 
KRX 5 0 . 0 3 19 .58 
KRN 6 7 . 5 1 20 .16 
KRT 1 5 . 3 6 3 2 . 3Z 
Kr« 17.42 8S.20" 
OGG 20 .54 - 1 5 6 . 2 6 ' 
OKA 26.22 127.45 
[IKC 3 5 . 2 * - 9 7 . 3 2 
OKD 4 3 . 3 0 141 .21 
nMA, 4 1 . 1 6 - 9 5 . 5 7 
ONE 6 4 . 3 0 - 1 6 5 . 2 4 
(INS 5 1 . 0 0 73 .24 
npo 4 1 . 1 1 - 8 . 36 
nfto 4 1 . 5 9 - B 7 . 5 4 
I1RY 4 8 . 4 5 2 . 2 4 
OSA 3 4 . 4 7 135.26 
OSL 59 .55 10 .45 
DTP 4 4 . 2 6 26 .06 
OTZ 66 .53 - 1 6 2 . 3 9 
nvn 5 5 . 0 2 8 2 . 5 5 
PAP I B . 32 - 7 2 . 2 0 
I'AR 4 8 . 4 5 2 ; 24 
POX 4 5 . 3 3 - 1 2 2 . 3 6 
PEK 38 .47 116.23 
PEk - 3 1 . 5 7 115.58 
PHL 3 9 . 5 3 - T 5 . 1 4 
PHX 33 .27 - 1 1 2 . 0 5 
PIK 5 5 . 3 0 - 4 . 3 6 
PL2 - 3 3 . 5 8 25 .40 
PN1 6 . 5 8 

- 9 . 3 0 
158.13 

POM 
6 . 5 8 

- 9 . 3 0 147 .10 
PON 6 . 5 8 158.13 
POS 10 .39 - 6 1 . 1 1 
PPG - 1 4 . 1 6 - 1 7 0 . 4 2 
ppT - 1 7 . 3 2 - 1 4 9 . 3 4 
PRG 5 0 . 0 5 1 4 . 2 6 
PSA 4 3 . 4 1 10 .23 
RAN - 4 . 1 3 152 .11 
RAK 3 1 . 4 7 - f t . 00 
RAH - 3 1 . 1 4 - 1 5 9 . 4 6 
RilA 3 4 . 0 2 - 6 . 5 1 
RPK 6 4 . 0 2 - 2 2 . 3 6 
RGN 16 .47 9 6 . 1 0 
RIO - 2 2 . 5 5 - 4 3 . 1 0 
RML b.56 7 9 . 5 1 
RND - 2 6 , 0 8 2 8 . 1 4 

BERKELEY, CALIF., USA 
RIYAOH. SAUOI AHA8IA, AR-RIYAD 
NEW YORK, NY-KENNEDY INT ARPT. 

_DJAKARTA, JAVA. INDONESIA 
KIEV, USSR-JULIAN! ARPT, 
JUNFAU, ALASKA, USA 
KAHIIL, AFGHANISTAN 
KANDAHAR, AFGHANISTAN 
KENDARI, CFLEBES, INDONESIA 

^REYKJAVIK, ICE. KEFLAVIK ARPT. __ 
KARACHI, W. PAKISTAN 
KIETA, BOUGAINVILLE SOLOMON IS 
KIMBERI.f.Y, PEP OF S AFRICA 
KINGSTON, JAMAICA 
KANPUR, INDIA 

_KONA, KAIL'Wl, HAWAII, USA 
KIRKWALL, ORKNEY IS. SCOTLAND 
KHAKD*, POLAND 
KIPIINA, SWEDEN 
KHARTO'IM. S"DAN 
KATKANOII, NEPAL 

__KAHHL«I, HAII1 HAWAII, USA _ _ _ 
OKINAWA, RYUKYU IS. (KADENA'j 
OKLAHOMA CITY, OKLA., USA 
SAPPORO, JAPAN (OKADAMA ARPT| 
OMAHA, NFB., USA 
NOME, ALASKA, USA 
OHSK, USSR 
OPORTO, PORTUGAL 
CHICAGO, ILL-OHARE ARPT, (ISA 1 
PARIS, FRANCE-ORLY ARPT Z 
OSAKA, JAPAN (K0KHSA1-KUK0) I 
OSLO, NORWAY 

_ BUCHAREST, ROII-OTOPENI ARPT 
KOTZEBUE, ALASKA, USA 
NOVOSIBIRSK, USSR 
PnRT AU PRINCE, HAITI 
PARIS-ORI.Y ARPT. FRANCE 
PORTLAND, ORE., USA 

_PF.KtNG, PEIPINO, CHINA (NANYANGCHANG! 
PERTH, H AUSTRALIA 
PHILADELPHIA, PA., USA 
PHOFNIX, ARIZ., USA 
GLASGOW, SCOT-PRESTHICK ARPT 
PORT ELIZABETH, REP. S . AFRICA 

_ PONAPE, CAROLINES, PAC. OCEAN . 
PORT MORESBY, PAPUA, N GUINEA 
PONAPS, CAROLINFS 
PORT OF SPAIN, TRINJOAD 
PAGO P. fin, SAMOA 
PAPEE:£, TAHITI, FR POLYNESIA 
PRAGUE, CZECHOSLOVAKIA 
PISA, ITALY 
RABAUl, NEW BRITAIN, N. GUINEA 
MARRAKSCH, MOROCCO 
RAROTONGA, COOK IS. S PACIFIC 
RABAT, MOROCCO 
REYKJAVIK, ICELAND 
RANGOON, BURMA 
RIO OF. JAMERIO, BRAZIL ISANTOS OUHnNT ARPT) 
COLOMBO, CEYION-RATHALANA 
JOHANNESBURG, R S AFRICA (JAN SMUTS I 



RND J9.31 -119.40 
ROM 41.46 12.13 
SAf 35.42 -106.57 
SAN 
SAO 

32.43 
21.32 

-117.09_ 
-46.3T 

SAY -17.50 31.03 
sa -33.30 -70.40 
snu -22.55 -63.10 
SEA •7.27 -122.18 
set 
SEZ 

37.32 
-4.35 

126.56 
55.40 

SFJ 67.00 -50.511 
SFO 37.37 -122.23 
S«N 10.49 106.40 
SUA 31.12 121.23 
SIN 1.21 103.54 
SJH IB. 29 -66.07 
SKO 39.40 66.58 
SLC 40.46 -111.53 
SNN 52.30 -9.53 
SOP 42.40 23.18 
SPK 4 3.03 1*1.21 
SPN ts.io 145. 45 
STO 59.37 17.55 
STT 13.21 -64.59 
sva 55.45 37,35 
svo 37.23 5.59" 
SYO . 
SZG 

-33.52 
4 7.40 

151.13 
13.02 

TAB 11.15 -60.40 
TAS 41.20 69.18 
THf 52.29 13.25 
THII -21.17 -175. OB 
THR 35.40 51.26 
T I J 32.32 -117.01 
T I P 32.59 13.12 
TKE 39,20 -120.11 
TKK 7.23 151.43 
TLS 43.36 1.2'; 
TLV 32,07 34.45 
TNN 23.00 120.11 
TNR -1D.55 47.31 
TOH 16.46 3.01 
TPE 25.03 121.30 
TPJ IB. 00 -7S.50 
TRN 45.03 7.40 
TRR B.34 81.14 
TRV 3.23 76.57 
TRU 1.25 173.00 
TRZ 17.43 33.19 
TIM 30.10 -B5.41 
TUN 36.48 10.11 
T IIS 32.13 -110.59 
TVl 33.54 -120.00 
THF 42.34 -114.28 
TYD 35.33 139.46 
TZA 17.30 -8B.12 
ULN 47.55 106.53 
LIMR -31.31 137.10 
VCL 48.45 2.10 
VCP 23.00 •7.08 
VIE 43.13 16.20 

RFNO, NEV., USA 
ROSE. ITALY 
SANTA F E , N . H . , MSA 
SAN DIEGO. C A L I F . , USA 
SAO PAMin, BRAZIL " ~ 
SALISBURY, RWinEStA 
SANTIAGO, CHILE 
RIO DE JANERIO. BRAZIL I SANTOS PI'MONT A«PT| 

SEATTIE-TACOHA I N T . ARPT, WASHINGTON, USA 
SEOUL, REP OF KOREA 
SEVCHELLFS I S . , INDIAN OCEAK 
SONDRE STROMFJORD, GREENtAND 
SAN FRANCI5CI1, C A L I F . , USA 
5Jiir.ru, r. VIETNAM ITAN SON NHUTI 
SHANGHAI. CHINA 
SINGAPORE, SINGAPORE IPAVA-lERARj 
SAN JUAN, PUERTO RICO 
SAMARKAND, USSR 
SALT LAKF CITY, UTAH, USA 
SHANNON, IREIAND (LIMERICK! 
SOFIA, BULGARIA (SflFIVA) ' 
S4PPl1Rn, JAPAN 
SAIPAN, MARIANA I S 
STOCKHOLM, SWEDEN (ARIANDA) 
ST. THOMAS (HARRY TRUMAN APT) VIRGIN I S . USA 
MOSCOW, I'S (MOSKVA-SHEREHETYEVn ARPTI USSR 
SFVILLE, SPAIN 
SYDNFY-XINnSFHRD SMITH ARPT, NEH SOUTH WALFS. AU5. _ 
SALZBURG, AUSTRIA 
TCBAOn, TRINIDAD ANr TOBAGO t 
TASHKENT, USSR tv> 
RERUN-TEMPIFHOF IZEt.TRALFLIISHAFFN) GER. FED. REP. > 
TONGA, TONGATAPU (FUAAMOTII ARPTI NEH HEBRIDES 
TEHERAN, IRAN (TEHRAN? . . . _ 
TIJUANA, *FXICO 
TRIPOLI , ARAB REP. OF LIBYA 
TRIICKEE, CALIFORNIA, USA 
TRIIK, CARDI IHES. PAC. OCEAN 
TOULOUSE, FRANCE 
TEL AVIV, ISRAEL _ 
TAINAN, REP OF CHINA (TAIVAN) 
TANANARIVE, MALAGASY REP. (ANTANANARIVO! 
TOHBOUCTOM, MALI 
T A I P E I , REP. OF CHINA (TAIWAN! 
KINGSTON* JAMAICA-TINSON PFN 
TURIN, 1TA1Y (TORINO! _ 
TRINCOMALEE, CEYLON 
TRIVANORtlH, INDIA 
TARAVA, GILRERT I S . , PACIFIC OCEAN 
TRICHIN0P3LY, INDIA (TIRIICHCHIRI 
PANAMA CITY, PAN-TOCUMEN ARPT 
TUNIS, TUNISIA • 
TUCSON, A R I Z . , USA 
U K E TAHOE, CALIF., USA (SO. 1AKE TAHOE ARPTI 
THIN FALLS, IDAHD, USA 
TOKYO -KOK'ISAl-KUKO ARPT. JAPAN 
BELIZE, BR. HONOURAS-HUN ARPT (BfllCEl 
III AN BATOR, MONGOLIA (t'LAANRAA'AP I _ _ 
WUOHERA, S. AUSTRALIA 
PARIS-V11.LACUU8LAY AERODROME, FRANCE 
SAO PAULO, BRAZIL-VIRACOPOS AEROPORTO 
VIENNA, AUSTRIA (MIEN, VIENNEI 

http://5Jiir.ru
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RSI 4 7 . 3 3 7 . 2 5 
ant 
BEY 

1 3 . 2 8 
3 3 . 4 9 

- 1 6 . 3 9 
3 5 . 3 0 

UFG <.4.50 2 0 . 3 0 
lit I T . 30 - 8 8 . 1 2 
Ml - 1 9 . 5 5 - 4 3 . 5 6 
JBK 3 T . 5 7 - 1 2 2 . 2 8 
BE* _ 
THF 

5 2 . 3 1 
5 2 . 2 9 

1 3 . 2 4 _ 
1 3 . 2 5 

M M 3 2 . 2 0 - 6 4 . 4 5 
HHX 9 2 . 3 0 - 1 . 5 0 
BOS 3 3 . 2 8 - 9 5 . 1 3 
BON 1 9 . 0 5 7 2 . 5 2 
BOB _ 

'" BOS 
- 1 f t . 3 0 

" ' + 2 . 2 1 
- 1 5 1 . 4 5 . _ 

- 7 1 , 0 4 
OTS 4 8 . 1 0 1 7 . 1 0 
92V - 4 . 1 * 1 5 . 1 4 
HNF - 2 7 . 2 7 1 5 3 . 1 1 
BRS 5 1 . 2 7 - Z . 3 5 
BRH 5 0 . 5 4 4 . 3 0 . 
tvilll 4 4 . 2 6 2 6 . 0 6 . 
ntF 4 4 . 2 6 2 6 . 0 6 
BID 4 7 . 3 0 1 9 . 0 5 
SHE - 3 4 . 4 9 - 5 8 . 3 2 
cite - 3 4 . 4 9 - 5 8 . 3 2 
IMF 4 2 . 5 2 - 7 6 . 4 3 
RtlR 3 4 . 1 2 - 1 1 8 . 1 8 
CNS - 1 6 . 5 1 1 4 5 . 4 3 
r«I 3 0 . 0 8 3 1 . 2 4 
ecu 4 4 . 5 0 - . 3 4 
CtT 3 4 . 0 8 - 1 1 8 . 0 8 
C M 2 3 . 0 6 113 .16 
CPT - 3 4 . 0 2 1 0 . 2 8 
CVQ 
M S 

- 2 4 . 5 3 
3 3 . 3 9 

113 .40 
- 7 . 3 5 

ORn 
CMC 

4 1 . 5 9 
- 4 3 . 4 2 """" ' 

- 8 7 . 5 4 
" 172 .38 

CUM 5 3 . 3 5 - 6 4 . 2 7 
eve 1 9 . 0 6 8 4 . 3 1 
CIK 
CM* 

9 . 5 8 
6 . 5 6 

7 6 . 1 5 _ 
7 9 . 5 1 

RHL 6 . 5 6 7 9 . 5 1 
CPH 5 5 . 4 0 1 2 . 3 5 
CFV . . 5 5 . 4 0 1 2 . 3 5 
OAC 2 3 . 4 2 9 0 . 2 2 
DKR 
OAH 

1 4 . 4 0 
3 3 . 3 0 

- 1 7 . 2 6 
3 6 . 1 9 

OAR 1 2 . 2 3 130 .44 
DIM - 1 2 . 2 8 130 .50 
YDA 6 4 . 0 4 - 1 3 9 . 2 5 
YIK) 5 5 . 4 6 - 1 2 0 . 1 4 
DEL 
UEH 

2 8 . 3 5 
3 9 . 4 3 

7 7 . 0 7 
- 1 0 5 . 0 1 

DTT 4 2 . 1 3 - 8 3 . 2 2 
OTW 4 2 . 2 5 - 8 3 . 0 1 
OCT 4 2 . 2 0 - 8 5 . 0 3 
OHA 2 6 . 1 8 5 0 . 0 8 
JKT - 6 . 1 0 106 .48 
DOH 2 5 . 1 7 5 1 . 3 2 
OLA 4 . 0 3 9 . 4 2 
DXB 2 5 . 1 8 5 5 . 1 8 
OUR - 1 9 . 5 5 3 0 . 5 6 

BASEL. SWITZERLAND (BALE) 
BATHIIRST, GANBIA 
BEIRUT, LEBANON. 

_8ELnRAUE, YUGOSLAVIA 
BELIZE, BR. HONDURAS-HUN ARpT IBELICE) 
HELD HORIZONTE, BRAZIL 
BERKELEY. C A L I F . , USA 
BERLIN, CER. FED. REP. 
BERLIN-TEMPLEHOF 1ZENTRALFLIIGHAFEN) GER. FED. REP. 
BERMUDA, ATLANTIC DC6AN 
BIRMINGHAM, ENGLAND 
BOGOTA, COLOMBIA 
BOMBAY, INOIA-SAHTA CRUZ ARPT 
BORA-BORA, POLYNESIA 
BOSTON, MASS., USA 

^BRATISLAVA, CZECHOSLOVAKIA 
BRAZZAVILLE, CONGO REP. 
BRISBANE-EAGLE FARM ARPT, QUEENS., AUSTRALIA 
BRISTOL, ENGLAND 
BRUSSELS, BELGIUM 
BUCHAREST, ROUMANIA 
BUCHAREST, RO'J-OTOPENI ARPT 
BUDAPEST, HUNGARY 
BUENOS AIRES-EZEIZA AEROPUERTO, ARGENTINA 
BUENOS AIRES-EZEIZA AEROPUERTO, ARGENTINA 
BUFFALO* N . Y . , USA BUnDANK. CALIF., USA CAIRNS, QUEENS. AURTRALIA _ , CAIRO-INT. ARPT. ARAB REP. OF EGYPT CALCUTTA, INDIA & CALTECH * 
CANTON, CHINA (GUANGZHOO.ZHG) ' 
CAPETOWN-MALAN ARPT, REP. S . AFRICA 
CARNARVON, W. AUSTRALIA 
CASABLANCA, MOROCCO 
CHICAGO, ILL-OHARE ARPT, USA 

~~~ CHRISTCHI'RCH, N . Z . 
CHURCHILL FALLS, N F L E . , CANADA 
C I N C I N N A T I , OHIO, USA 
COCHIN, INDIA 
COLOMBO, CEYLON 
C010MBO, CEVLON-RATMALANA 

' COPENHAGFN 
COPENHAGEN, DENMARK 
DACCA, BANGLADESH 
DAKAR, SENEGAL _ 
DAMASC'IS-MEZIE ARPT, ARAB REP. OF SYRIA 
OAR ES SALAAM, TANZANIA 
OA.RHIN, NT. AUSTRALIA. 
DAWSON CITY, Y.T, CANADA 
DAWSON CREEK, B.C. CANADA 
OFLHI-PAIAM INT. ARPT, INDIA 
DENVER, COLO., USA 
DETROIT-METROPOLITAN WAYNE CO. ARPT., MICH., USA 

"" DETROIT, MICH-METROPOLITAN APT 
DETROIT, MICH., (ISA 

"' OHAHRAN, SAUDI ARABIA IAZ-ZAHRAN) 
DJAKARTA, JAVA, INDONESIA 
DOHA (AD-DAWHAHI QATAR, ARABIA 
DOUALA, CAMEROON 
DUBAI IDUBAYYI, TRUCIAL OMAN 
DURBAN, REP OF S. AFRICA 
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1 ris " 6.37 . 3.16 
TVt 38.54 -UO.OO 
LPS -16.30 -68.09 
LAP 24.10 -110.IB 
LPA 28.06 15.24 
LAS 36.11 -115.08 
L I D 60.01 30.17 
L I H 

" L I H 
21.59 

-12.03 
-159.21 

-77.03 
I I S 3B.43 -9.08 
LJ ' I 46.03 14.31 
LON 51.40 .15 _ 
LGW 51.09 - . 2 1 
I Hit 51.27 

42.59 
- .28 

YXH 
51.27 
42.59 -81.14 

LAX 33.56 -118.24 
LAO -D.48 13.14 
IPO 
LBH 

19.52 
33.35 

102.08 
-101.51 

LUX 49.37 6.10 
NAA 11.00 78.15 
MAO 40.28 

9.56 
-3.34 

IXM 
40.28 

9.56 78.08 
AGP 
MOL 

34.43 
22.00 

-4.25 
96.05 

MNL 14.34 121.01 
RAK 31.49 -8.00 
MIT 23.13 -106.25 
MMM -77.50 166.25 
MEL -37.49 144.58 
MDV 28.13 -177.26 
L I N 45.27 9.16 
HXP 45.38 8.44 
MBA -4,03 39.40 
HlW 6.18 -10.47 
HBJ 18.30 -77.55 
CSO -34.52 -56.02 
MVD -34.53 -56.11 
TIIL 45.20 -73.45 
Mnw 55.45 37.42 
DME 55.25 37.35 
5VO 55.45 37.36 
VKO 55.37 37.17 
HCT 
NBO 

23.37 
-1.17 

58.35 
36.49 

NAN -17.48 177.25 
NAP 40.51 14.17 
NAS 
NAT 

25.05 
-5.47 

-77.21 
-35.13 

HSY 29.58 -90.07 
JFK 40.38 -73.47 
NCE 43.40 7.14 
ico " i . U 33.23 
OME 44.30 -165.24 
NLK -?9.03 167.56 
HWIJ - ^ . 1 6 166.27 
ova 55.02 82.55 
nAK 
nos 

3 7.4 7 
46.28 

-122.13. 
30.44 

OKA 26.22 127.45 
OKC 35.28 -97.32 
DMA 41.16 -95.57 

LAGOS-IKFJA ARPT, NIGERIA 
LAKE TAHOE, CA1IF.. IISA ISO. IAKE TAHOE ARPTI 
LA PAZ. BOLIVIA 
LAPAZI xexir.n 
LAS PALMASf CANARY IS 
LAS VEGAS. NEV.t USA 
LENINGRAD, USSR IKOLOM'AGI APT) 
LlHUEf KAUAI HAWAII. USA 
LIMA, PERU 
LISBON, PORTUGAL 
LJUBLJANA, YUGOSLAVIA 
LONDON _ 
LONDON, ENGLAND-GATWICK ARPT 
LONDON, ENGLAND-HEATHROW ARPT 
LONDON, ONT. , CANADA 
LOS ANGELES-INTERNATIONAL ARPT, C A L I F . , IISA 

"LUANDA, ANGOLA 
LUANG PRABANG, LAOS 
LUBBOCK, TEXAS, USA 
LUXEMBOURG, LUXEMBOURG IFINDILI 
MADRAS, INDIA 
MADRID, SPAIN I8ARAJASI , 
HADURAI, INDIA 
MALAGA, SPAIN 
MANRALAY, BURMA 
HANILA-INT. ARPT, PHILIPPINES 
MARRAKECH, MOROCCO 
HAZATLAN, MEXICO 

~«C HIJROO, ANTARCTICA 
MEinoURNE-TIILLANARINE ARPT, V I C , AUSTRALIA • 
MIDWAY ISLAND, PACIFIC OCEAN § 
MILAN, ITALY-FORLANINI-LINATE I 
MILAN, ITALY-MALPENSA ARPT 
MOMBASA, KENYA 
MONROVIA, LIBERIA 
MI1NTEG0 BAY, JAMAICA 
HONTEVtDEO-CARRASCO AEROPUERTO, URUGUAY 
MONTEVIDEO, URUGUAY 
MONTREAL, QUE., CANADA 
MOSCOW 

~ MOSCOW, IISSR-DOMODEDOVO ARPT 
MOSCOW, US IMOSKVA-SHEREMETYEVO ARPTI USSR 
NOSCnW-VNUKOVO ARPT, USSR 
MUSCAT, OMAN IMASOAT' 
NAIROBI, KENYA (ENTEnHEl 

_NANDI , F I J I I S . 
NAPLES. ITALY (NAPOLI) 
NASSAU, BAHAMAS 
NATAL, 0RA2IL 
NEW ORLEANS, L A . , USA 
NEW YORK, NY-KENNEDY INT ARPT. 

_ N I C E , FRANCE (COTE D 'A t l lR ) 
NICOSIA, CYPRUS 
NOME, ALASKA, IISA 
NORFOLK, I S . PACIFIC OCEAN 
NOUMEA, NEW CAL-MAGENTA ARPT 
MOV IB IRSK, USSR 
<>AKL»Nn, CALIF. ,_USA 

"ODSSSA, USSR 
OKINAWA, RYUKYU I S . IKAOENAI 
OKLAHOHA C I T Y , OKLA.. USA 
OMAHA, N E B . , USA 
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SNN 5 2 . 3 0 - 9 . 5 3 
S IN 1 .21 103 .54 
SOF 4 2 . 4 0 2 3 . 1 8 
SFJ 6 7 . 0 0 - 5 0 . 5 9 
YJT 4 8 . 3 3 - 5 8 . 3 5 
STO 
BMA 

5 9 . 3 7 
5 9 . 2 1 

17 .55 
17 .55 

STT 1 8 . 2 1 
- 3 3 . 5 2 

- 6 4 . 5 9 
SYD 

1 8 . 2 1 
- 3 3 . 5 2 151 .13 

TNN 2 3 . 0 0 1 2 0 . 1 1 
TPE 2 5 . 0 3 121 .30 
TNR 
TRW 

- 1 8 . 5 5 
1 .25 

4 7 . 3 1 
1 7 3 . 0 0 

TAS 4 1 . 2 0 6 9 . 1 8 
THR 3 5 . 4 0 51 .26 
TLV 3 2 . 0 7 3 4 . 4 5 
T I J 3 2 . 3 2 - 1 1 7 . 0 1 
TAB 11 .15 - 6 0 . 4 0 
TYD 3 5 . 3 3 1 3 9 . 4 6 
TOM 1 6 . 4 6 3 . 0 1 
THH - 2 1 . 1 7 - 1 7 5 . 0 8 
VYZ •43.41 - 7 9 . 3 8 
TLS 4 3 . 3 6 1 .26 
TRZ 
TRR 

17 .43 
8 . 3 4 

8 3 . 1 9 
8 1 . 1 4 

T IP 3 2 . 5 8 1 3 . 1 2 
TRV 8 . 2 8 7 6 . 5 7 
TKE 3 9 . 2 0 - 1 2 0 . 1 1 
TKK 7 .23 151 .43 
TUS 3 2 . 1 3 - 1 1 0 . 5 8 
TUN 3 6 . 4 8 1 0 . 1 1 
TRN 4 5 . 0 3 7 . 4 0 
TWF 4 2 . 3 4 - 1 1 4 . 2 3 
IILN 4 7 . 5 5 106 .53 
VIC 3 9 . 2 8 . 2 2 
YVR 4 9 . 1 1 - 1 2 3 . 1 0 
YYJ 4 8 . 2 5 - 1 2 3 . 2 2 
VIE 4 8 . 1 3 16 .20 
VTE 1 7 . 5 8 1 0 2 . 3 6 
WAK 1 9 . 1 7 166 .37 
WKE 1 9 . 1 7 1 6 6 . 3 6 
WAL 4 7 . 2 8 - 1 1 5 . 5 6 
WLS - 1 3 . 1 8 - 1 7 3 . 1 0 
HAW 3 2 . 1 5 2 1 . 0 0 
MAR 5 2 . 1 5 2 1 . 0 0 
i An 3 8 . 5 7 - 7 7 . 2 7 
ncA 4 2 . 1 9 - 8 3 . 2 5 
WLG - 4 1 . 1 8 174 .46 
YWG 4 9 . 5 3 - 9 7 . 0 9 
IIMR - 3 1 . 3 1 1 3 7 . 1 0 
YAP 9 . 3 4 13B.09 
YZF 6 2 . 2 7 - 1 1 4 . 2 1 
ZAG 4 5 . 4 8 1 5 . 5 8 
ZAM 6 . 5 4 1 2 2 . 0 5 
ZNZ 6 . 1 0 3 9 . 1 1 
ZKH 4 7 . 2 7 8 . 3 3 

SHANNONi IRELAND (LIMERICK) 
SINGAPORE, SINGAPORE (PAYA-I EBARI 
SOFIA, BULGARIA CStlFlYA) 
SONDRE STROMFJORO, GREENLAND 
STEPHENVILLE, NFLD. CANADA 
STOCKHOLM, SWEDEN (ARLANDA1 
STOCKHOLM! SNE0EN-BRO1MA ARPT 
ST. THOMAS (HARRY TRUMAN APT1 VIRGIN IS. USA 
SYDNEY-KINGSFORO SMITH ARPT, NFW SOUTH WALES, AUS. 
TAINAN, REP OF CHINA (TAIWAN) 
TAIPEI, REP. OF CHINA (TAIWAN) 
TANANARIVE, MALAGASY REP. (ANTANANARIVO) 
TARAWA, GILBERT IS., PACIFIC OCEAN 
TASHKENT, USSR 
TEHERAN, IRAN (TEHRAN) 
TEL AVIV, ISRAEL 
TIJUANA, MFXICO 
TOBAGO, TRINIDAD AND TOBAGO 
TOKYO -krwJSAi-miKn ARPt, U£PA.N 
TOMROIJCfnU, MALI 
TONGA, TONGATAPU (FUAAMOTl) ARPTl NEW HEBRIDES 
TORONTO-INT. ARPT, QUE,f CANApA TOULOUSE, FRANCE 
TRICHINOPOLY, INDIA (TIRUCHCHJR) 
TRINCOMALEE, CEYLON 
TRIPOLI, AR»B REP. OF LIBYA 
TRJVANDRt'M, INDIA 
TRUCKEE, CM IFORNIA, USA 
TRIJK, CAROLINES, PAC. OCEAN 
TUCSON, ARIZ., USA i 
TUNIS, TUNISIA * 
TURIN, ITALY (TORINO) i 
TWIN FALLS, IDAHO, USA 
IIL/1N BATOR, MONGOLIA (Ul AANBAATAR I . 
VALENCIA, SPAIN (VALENCE) 
VANCOUVER-INTERNATIONAL ARPT, B.C., CANADA 
VICTORIA, B.C., CANADA 
VIENNA, AUSTRIA IWIEN, VIEMNE) 
VIENTIANE, LAOS 
y&KF. AIRPORT, WAKE ISLAND, PACIFIC OCEAN 
WAKE ISLAND, PACIFIC OCEAN 
Wail ACE, IDAHO, USA 
WALLIS RES, S. PACIFIC OCEAN 
WARSAW, POLAND (WARSZAWA) 
WAKSZAWA (WARSAW) 
WASHINGTON OC-OULLES TNTERNATjriN*L_AlRPOP.T,_USA 
WASHINGTON DC-NATIONAL ARPT, USA 
WFUINGTON, N.Z. 
'•MNNIPEG, MAN., CANADA 
VITJOMERA, S. AUSTRALIA 
YAP, CAROLINES, PAC. OCEAN 
YELLOWKNIFE, N.M.T., CANADA__ 
ZAGREB, YUGOSLAVIA 
ZAMBOANGA, PHILIPPINE IS 
ZANZIBAR, TANZANIA 
ZURICH-KLOTEN FLUGHAFEN, SWITZERLAND 



NEW YORK TO PARIS AT MACH 1.2 

RATE OF'CLIMB<FEET/MIN>« 3333.333 
CL»nene OROUN ~SPEEDIMILES/HOUR>.570.00 

SCHEDULE BLOCK TIME ON ONE WAY«HRS)« *,T 
CRUISING ALTITUDE(FEET)» 40000 RATE OF DESCENT(FEET/MIN(" 3333.333 
CfUISIMO' SPEED(*!ILEVH0UR)» 792«0Q " DESCENDING GROUND SPEEDtMlLES/H0UR)»570«00-

FLIGHT ALTITUDE AND DISTANCE PROFILE IN 1/I<> HOUR INCREMENTS. 
ALTITUDE 
20000 40000 40000 40000 40000 4nooo 40000 40000 
40000 4O00O 40000 40000 40000 4QOO0 40000 40000 
40000 40000 40000 40000 40000 4n000 40000 40000 
40000 40000 40000 40000 40000 41)000 40000 40000 
40000 40000 40000 40000 40000 4J000 

"ESOOO" 
40000 40000 

40006 40000 "" 40000 "40000 ~ 40000" 
4J000 

"ESOOO" 6 ' 
DISTANCE 
57,00 
79.20 . 
79.20 
79.20 
79.20 
79.20 

57.00 
79.20 
79.20 
79.20 
79.20 
79.20 

79.20 
79.20 
79.20 
7«J20 
79.20 
79»20 

79.20 
79.20 
79.20 
7».20 
79.20 
79.20 

79.20 
79.20 
79.20 
79.20 
79.20 
79.20 

79.20 
79.20 
79.20 
79.20 
79.20 
57.00 

79.20 
79.20 
79.20 
79.20 
79.20 57.66 

79.20 
79.20 
79.20 
79.20 
79.20 

*• * 

TOTAL INPUT PROFILE DISTANCE • 3633.to STATUTE! HIL'ES 
FLIQHT PROFILE TIME 4«70 H0U3S IN THE AIR 
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CHARGED PART. 
GAMMA R«Y 

TOTAL FLIGHT DOSE FOR SOLAR MINIMUM CONDITIONS » i .62793 

'OTAL FLiaHT OOSE FOR SOLAR AVERAGE CONDITIONS • l.*3168 
>VO, OOSE / FLIGHT PROFILE HOUR (SOLAR MIN.) » .3*637 
WG, OOSE / FLIGHT PROFILE HOUR (SOLAR Av3',l « .30*61 
AVO. OOSE / BLOCK TIME HOUR (SOLAR MINIMUM) » .32868 
AVG, OOSE / BLOCK TIME HOUR (SOLAR AVERAGES » ^28923 
.EG BLOCK TIME • PROFILE; TIME » b'Z> HOURS 

NEUTRONS TOTAL 

,46587 2.09381 MILLIREMS PER FLIGHT PROFILE 
.*0967 1.8*135 MILLIREHS PER FLISHT PROFILE 
.09912 .4*5*9 MILLIR4DS PER HOUR 
.08716 .39178 MILLIREMS PER HOUR 
o09*12 .42299 MILLIREMS / (BLOCK TIME) HOUR 
.08276 .37199 MILLIREMS / (BLOCK TIME! HOURi 



APPENDIX D 
WEIGffiffiT AVERAGES ADD STATISTICAL ERRORS 

1. NORMALLY DISTRIBUTED VARIABLES 
In computing the sample mean of some function F(A) of the 

kinematical variables A of the decay, events with one pion in the 
CO mass region are given weight one and counted once while events 
with both pion triplets in the CO mass region are given weight 
one-half and counted as separate eventB. 

<F(A)> = 
1=1 

A' A' 
V w t F(A±)/ V w ± (D-l) 

= _ y v

±
 F < V 

H fit 
where ?(A.) is any function of the kinematical variables A of the 
i 'th event, v = lor 1/2 is the weight function, N is the number 
of events with at least one pion triplet in the 10 mass region, and 
N' = N + the number of events with both pion triplets in the 60 mas6 
region. 

The statistical errors are approximated by the expression 

( f t "* ) l "?[ l i '*] <D"2) 

* I; i "> ***> - (; I N H 

2. NON-OTRMALLY DEiTKIVJTED VARIABLES 
2 

The variables RTj and J(J+1) giver, oy Eqns. (C-7) ar.d (3-5) ar<! 

not normally d i s t r i bu ted . However, for each hypothesis of such 

var iab les one can ca lcula te a chi-square and different hypotheses 

can be compared using a l ikl ihood r a t i o or confidence leve l . 

Suppose one has n equations of the form 

R = <\>/<%) (D-:) 

for k = 1, 2, — , n where (F ) and (G ) are expectation values of 
n functions of the kinematical variables A which are approximated 
hy 

<Fk> = y v± \(*j/ y \ (v-1*) 

N 1=1 

and (G ) = - V w Gk(A ) 

where w = 1 or l/2 is the weight function, N is the number of 
events with at least one pion triplet in the 60 mass region, and 
H1 = if + the number of events with both pion triplets in the CO 

mass region. 
The equations to be satisfied by the parameter can be written 



COMPUTED 9HEAT CIRCLE LEO DISTANCE » 
LEO START LATITUDE » 

LEG END LATITUDE » 

L«T, LONG 

34.00 

40.72 

COURSE 
ANGLE 

GEOMAG. 
L A T . 

3 * . 24 
34.73 
35 . 22 
35.TB 
3<|.33 
36.91 
37.49 
38.06 
38.63 
3 ' . ? 0 39.77 
40.33 
40.99 
4 1 . 4 * 
42,00 
42.55 
43. 0« 
43.64 
44.17 
44.71 
45,24 
45,77 
46,29 
46.01 
41 .32 
47,33 
+8,34 
48,93 
49,33 
4».B2 
50.30 
50.77 
51.24 
51.71 
52.16 
52.61 
53 .05 
53 .49 
53.92 
54.33 
54.75 
55 .15 
5 f . 5 4 
55,92 
56.30 
56.66 
57,02 
57,36 
57,69 
SB. 01 
59 .32 

-117.94 
- U 7 . 5 2 
-117,10 
- U 6 . 6 3 
-116,10 
-115.5T 
-115.03 
-114,49 
-113.93 
-113.37 
-112.79 
-112.21 
- l l l . ' . i 
-111.01 
-110.40 
-109.76 
-109.14 
-108.49 
- U 7 . 8 4 
-107. ;r 
-106,48 
-105.79 
-105.08 
-104.35 
-103.62 
-102.87 
-102.10 
-101.32 
-100.52 
-99.71 
•98.88 
-98,04 
-57.17 
-96,29 
-95.39 
-94,47 
-93.54 
-92,58 
• " ' i M 
-90,6J 
-89.60 
-88.56 
-97,50 
-66.42 
-95.32 
-34,20 
-93.06 
-91.90 
-80.71 
-79.56 
-78.28 

39.20 41.26 
39.31 41,8! 
39.42 42.35 
39.55 4?, 95 
39.69 43.61 
39.83 •- 44.26 
39.98 44,91 
40.13 45,56 
40.29 46,21 
40.45 46,85 
40,61 47.50 
40.77 ' 48.14 
40.94 48.78 
41.11 49.42 
41.29 5n.o5 
41.47 50.69 
41.65 51.32 
41.93 51.94 
42.02 52.57 
42.20 53.19 
42.40 53.81 
42.59 54.43 
42.79 55.04 
42.98 55.65 
43.18 56.25 
'3.3D 56.BA 
43.59 57.45 
43,79 58,05 
44,00 58,63 
44.20 59,22 
44.41 59,80 
44,62 6(1,37 
44.83 6o.94 
45,03 61.50 
45,24 62.05 
45,45 " 62,60 
45.65 63.14 
45.85 63.67 
46.06 64,1' 
46.25 64,7 V 
46.45 65.21 
46.64 65,70 
46.63 66,19 
47.02 b&,6*> 
47.20 67,12 
'.7.37 67.57 
4T.S4 68,01 
47.70 68,43 
47.85 68.83 
•8.00 69.22 
48.14 69.59 

LEG START LONGITUDE 

LEG END LONGITUDE » 

AT^OS, 
DEPTH 
GR/sa. 

CM. 

827 .93 
516.42 
307.49 
233.31 
233,31 
233.31 
233.31 
233.31 
233.31 
233*31 
233.31 
233.31 ' 
233.31 
233.?1 
233.31 
233.31 
233.31 
233.31 
233.31 
233,31 
233.31 
233.31 
233.31 
233.31 
233.31 
233.31 
233.31 
233.31 
233.31 
233.3) 
233,31 
233.31 
233.31 
233.31 
233.31 
233.31 
233.31 
233.31 
233.31 
233.31 
233.31 
233.31 
233.31 
233.? l 
233.31 
233.3] 
233.31 
233.31 
233.31 
233.31 
233.31 

THE INlTUL COUDSE ANGLE = 

-118.15 

2.36 

35.038 

C H A R O E O P/ 1R7ICLES AND GAMMA NEUTRONS 
DOSE Ri iTF (MREMS/HS) DOSE BATE (MREMS/HR) 

S O L A H M[N, , SOLAR AVB. 50LAR H1N. SOLAR AVG. 

.0S66U •055174 .011776 •011539 

.lU'lO .106939 ,030042 .02B504 

.152000 .140911 ,042821 .039697 

.329444 •210069 .065;02 .059696 

.232B27 .212709 ,066411 
.067618 

.060673 
•236203 ~ • .215330 " 

,066411 
.067618 • .061642 

.239571 .217931 ,068821 ,062605 

.242930 •220512 ,070022 ,063566 
•246291 •223074 .071220 ,064509 
,349622 •225616 .072414 

,0'3605 
,06b450 

.252954 .228137 
.072414 
,0'3605 .066383 

,?5627S " ,230638 " " ,074792 — .067310 ' 
.259586 •233118 .075975 ,066228 
.262886 .235577 .077155 .069140 
.266172 .238048 .078270 .070000 
.269420 .240867 ,07 B72o .070377 
.272656 .243672 .079167 .070751 
.275878 •246464 .079612 .071124 
•P79086 .249242 .080056 .071495 
.261479 .251317 .080509 •071B62 
.282067 .251842 .0ao996 .072308 
.282652 •252365 .06)461 .072732 
.283234 •252B84 .0B1933 .073154 
.283813 " " .253401 .0B2403 .073573 
.284146 .253693 .08i7l8 .073653 
.2S4146 •253679 .082826 .073945 
.284146 .253665 .0°2932 .074035 
.284146 •25365) .063037 .074126 
,?84146 .253637 ,083142 .074215 
,284146 " .253623 • 053246 - -— ,074304 
.784146 .253610 ,083349 •D74392 
,284146 .253596 .083451 ,074479 
.284146 •253583 •683552 .074565 
•284146 •2S3ST0 .083652 .074650 
•284146 •253557 .063750 

.063949 — 
.074734 
.074616 .284146 •253544 ' 

.063750 

.063949 — 
.074734 
.074616 

.284146 •253532 ,083944 .074900 
•264146 •253519 .084038 ,074980 
.264146 •253507 •08»132 •075060 
.284146 .253495 .084223 .075138 
,264146 •253484 .064276 •075162 
.284146 " .253476 ,084276 - - .075179 " 
.284146 .253467 ,084276 .075177 
.284146 •253459 • 0 e ,>276 ,075174 
•284146 •253450 .084276 ,075172 
.284146 •253443 .084276 ,075169 
•264146 •253435 •06*276 .07516. 
.284146 ' .253427 ,084276 • — .075165 
.284146 •253420 ,084276 .07S163 
.264146 .253*13 •oa«*76 .075161 
.264146 .253407 .084276 .075159 

TOTAL* DOSE RATE 
DOSE RfcTE l«REHS'X»> 

SOLAR MIS. S 0 L t « AVG-. 

068397 .067014 
142752 .135*43 
194821 .180608 
294646 .269765 
,299239 .273382 
30 3621 .276972 
309392 ,260536 
,312952 .26*073 
,317500 .297582 
,322036 .291065 
,326558 .294520 
,331067 .297946 " 
,335561 •301347 
,340041 .304717 
,344443 .306049 
,348140 .311243 
,351823 .314423 
,355490 .317566 
,359142 .320736 
.361998 .323199 i, 
.363053 .324150 w 
,364113 .325097 1 
,365167 .326039 
,366215 " .326974 — 
,366865 .327546 
,366972 .327623 
,367078 .327700 
,367194 .327776 
.367298 ,3r952 
,367392 .327927 
,367495 .328002 
,367597 .329075 
,367696 .32B14S 
,367798 .329220 
,367696 •32B292 
,367994 .329362 -
.368090 .329431 
,369195 ,326500 
,368278 .329567 
,366369 .329633 
,363422 .326666 
,369422 .326656 -
,363422 .329644 
.368422 •329633 
.365422 .326622 
.369422 .329612 
.368422 .329602 
.369422 .328592 
.3i8422 .328583 
,363422 .329574 
,368*2i .32656°. 
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TOTAL FLIGHT DOSE FOR SOLAR MINIMUM CONOUlONS 
TOTAL FLIGHT DOSE FOR SOLAR AVERAGE CONDITIONS 

„ AVG. DOSE / FLIGHT PROFILE HOUR (SOLAR MlN.I 
AVG. DOSE / FLIGHT PROFILE HOUR (SOLAR AV9.) 
AVG. OOSE / BLOCK TIME HOUR (SOLAR MINIMUM) 

„.AVG. DOSE / BLOCK TIME HOUR (SOLAR AVERAGE* 
LEG BLOCK TIME • PROFILE TIME • 0.25 HOURS 

CHARGED PART. 
GAMMA R 4Y 

3111855 
2.TB923 
.27118 
.2*25* 
.265*1 
.23738 

NEUTRONS TOTAL 

.91522 •.03377 MILLIREMS PER FLIGHT PROFILE 

•B18+* 3.60767 MILLIREMS PER FLIGHT PROFILE 
.07958 .35076 MILLIRADS PER HOUR 
.0711T .31371 MILLIREMS PER HOUR 
.07789 .3*330 MILLIREMS / (BLOCK TIMEJ HOUR 

•06965 •3076+ MILLIREMS / (BLOCK TIME) HOUR. 



LONDON tO LOS AMQELES AT MACH 1.2 

SCHEDULE BLOCK TIME ON ONE WAY(HRS)* 7.3 
RATE OF CLIMB(FEET/HIN)* 3333.333 CRUISINS ALTITUDE(FEET)« 40000 RATE OF DESCENT<FEET/MIN)» 3333.333 

"CLIMBING 6ROuN^SPEE?(MILES/HOURJ»570.00~-CRUISINS SPEE5<MILES/HOUR>« 792.00 DESCENDINO SROUND SPEED (MlLES/H3UR'l*ST0>00 

FLIGHT ALTITUDE ANO DISTANCE PROFILE IN 1/10 HOUR INCREMENTS. 

ALTITUDE 
20000 40000 •OOOO 40000 40000 •0660 40000 40000 
40000 40000 40000 40000 40000 •oooo •oooo 4000" 
40000 40000 40000 40000 40000 40000 40000 4O0O0 
*OO0O 40000 40000 40000 40O0O •j«00 40000 40000 
40000 40000 40000 40000 40000 4g000 •oooo 4oo6o 4.0000 40000 ~" "40000 " ' 40000 "' — 40000 4g000 40000 — 40000 
40000 40000 40000 40000 40000 40000 •oooo 40000 
40000 40000 4O0co 40000 40000 40000 40000 40000 
40000 40000 40000 40000 20000 0 
DISTANCE 
5T.00 57.00 79.20 79. £0 79.20 79.20 79.20 79.20 
79.20 79.20 79.20 79.20 79.20 79.20 79.20 79,20 
79.20 79.20 79.20 79.20 79.20 79.20 79.20 79.20 
79.20 79.20 79-20 7'»20 79.20 79.20 79.20 79.20 
79.20 79.20 79.20 79.20 79.20 79.20 79.20 79.20 
79.20 79.20 79.2Q 79.20 "" 79.20 79.20 79.20 79.20 
79.20 79.20 79.20 79.20 79.20 79.20 79.20 79.20 
79.20 79.20 79.20 79.20 79.20 79.20 79,20 79.20 
79.20 79.20 79.20 79.20 57.00 ST.00 

TOTAL INPUT PROFILE DISTANCE • 54SS • 20 STATUTE' HIpES 
FLIGHT PROFILE TIME • 7»00 HOURS IN THE AIR 



COMPUTED GREAT CIRCLE LEG DISTANCE • 5»50.5 THE INITIAL COURSE ANGLE • 311,9*7 
LEO START LATITUDE 

LEO END LATITUDE • 

LAT, LONG. COURSE 
ANGLE 

51.»0 

"34.00 

GE0MA8, 
LAT. 

LEG START LONGITUDE • 
"LEO EN5' LONGITUDE • 

• is 

'118.15 

51.67 
52.32 
52, B6 
53.58 
5*. 29 
54.97 
55.6* 
56.28 
56,90 
57.*9 
58,05 
58.59 
5».10 
59.57 
60.02 
60.42 
60.90 
61.13 
61.43 
61.69 
61.90 
62.08 
62.21 
62.30 
62.35 
62.35 
62.31 
62,22 
62.09 
61,92 
61.71 
61.45 
61,16 
60,93 
60,46 
60,OS 
59.61 
59,14 
58.64 
S8.10 
57.54 
56.95 
56.33 
55.69 
55.03 
54.35 
53.64 
52.92 
52. )S 
51.42 
50.65 

-.35 
-1.35 
-2,59 
•4,08 
-5.61 
-7.20 
•8.B4 

-10.5* 
-12,30 
-14.11 
-15.98 
-17.91 
-l9.9 0 

-21,95 
-24. f)5 
-26.21 
-28.42 
-30.68 
-32.99 
-35.33 
-37.72 
-40.13 
-42.57 
-45.03 
-47,49 
-49.9T 
-52.43 
-54,89 
-57.33 
-59,75 
-62.14 
-64,49 
-66,80 
-69.06 
-71.28 
-73.44 
-75.55 
-77,60 
-79.59 
-91,53 

-85.22 
-86,99 
-89,69 
-90.34 
-9l.»3 
-93.47 
-94.96 
-96.40 
-97.79 
-99.14 

312,78 
312,20 
311.50 
310.69 
309.B7 
309,05 
308.23 
30T.41 
3o6,S9 
305.78 
304.98 
304,18 
303,40 
302,62 
301,86 
301,12 
300,39 
299.68 
298.99 
298.31 
297.66 
297.02 
296.39 
295.78 
295.19 
294.60 
294,01 
293,43 
292,85 
292,25 ' 
291,64 
291.01 
290.35 
289.64 
288,89 
288.08 
287.20 
286.23 
2B5.17 
283,98 
282,67 
281.20 
279.55 
277.69 
275.61 
273.27 
270.63 
267.66 
264.34 
260.64 
256.55 

54.48 
55.20 
56.05 
57,02 
57,99 

' 58,95 
59.89 
60.82 
61.74 
62.64 
63.52 
64.39 
65,23 
66,OS 
66,84 
67.60 
68.34 
69.03 
69.69 
To.30 
70.B7 
71.39 
71.85 
72.25 
72.58 
72.85 
73,04 
73.17 
73.21 
73.J8 
73.08 
72,90 
72 .65 
72.33 
71.94 
71.50 
70.99 
70.44 
69,83 
69,19 
68.50 
67.78 
67.02 
66.23 
65.42 
64.58 
63.72 
62.84 
61.95 
61.03 
60.11 

ATHOs, 
DEPTH 
GR/So, 

CM. 

710.12 
307,4.9 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.2T 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.2T 
193.27 
193,27 
193,27 
193.27 
193,27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.27 
193.2T 
193.27 
193.27 
193.27 

C"AKGEO PtPTlCLES AND GAMN* 
DOSE RtTE (HRE1S/HR) 

SOLAR HIN. SOLAR AVG> 
NEUTRONS 

.DOSE RATE (HREHS/HRI 
S&LAR HIN. SOLAR A V O . 

.092639 .089001 .024094 .023148 

.181134 .165177 .054379 .049589 

.365627 .320927 .104627 ,091836 
,365732 .321015 .104866 .09204! 
.365836 .321102 .105103 ,092251 
.365940 .321139 .106338 ,092456 
,366042 .321274 .105569 ,092658 
.368142 .321358 .105791 

.106023 
.091857 

,366241 •321440 
.105791 
.106023 ,093053 

,366338 •321522 .106244 ,093246 
.366434 •321601 .106460 ,09343s 
.366527 .321679 .106672 .093620 
,366593 •321729 .106823 .093750 
,366593 i321710 • U6823 .093744 
,366593 .321692 .106823 .093739 
,366593 •321675 .106823 .093734 
.366593 •32165B .106823 .093729 
.366593 .321642 • ~ .106823 — — - ,093724 
.366593 .321627 .106823 .093720 
,166593 •321613 .106B23 .093716 
.366593 •321600 .106823 .053712 
.366593 .321588 ,106623 ,093708 
.366593 .321578 .106823 ,093705 
.366593 " .321569 .106823" — .093703 
.366593 •32156J .106B23 ,093700 
.366593 .321555 ,106823 ,093699 
.366593 •321550 .106823 ,093697 
.366593 •321547 .106823 .093697 
.366593 ;3215»J .106823 

.106823 
,093696 

,366593 .3215 ' " 
.106823 
.106823 .093696 

.366593 .32154 .106823 .093697 

.366593 •321554 .106823 .093698 

.366S93 •321559 .106823 .093700 
,366593 •321567 .106823 .093702 
,366593 •321575 .106823 .093705 
,366593 •321586 ,106823 ,093708 
•366593 •321597 .106823 .093711 
,366593 •321610 .106823 .093715 
.366593 •321624 .106823 .093719 
.366593 .321639 ,106823 .093723 
.366593 •321654 .106823 ,093728 
.366593 ~ — «321671 " ,106823 .093733 
.366593 .321688 .106823 ,093738 
.366593 •321706 .106823 ,093743 
.366593 •321725 ,106823 .093749 
.366548 .321697 ,106720 .093662 
.366455 •321619 ,106509 • 0 9 3 4 7 A 
.366360 .321540" — — ,106294 - .093290 
.366264 .321459 • 106074 .093098 
.366165 .321377 ,105850 .092903 
.366065 •321293 .105622 .092784 

TDTAl DOSE RATE 
DOSE RA •E (MREHS/HRI 

SOLAR <4I1 . SOLAR 1VG. 

.116713 .112148 

.235S13 .21*766 

.470253 .412763 
,470598 .413060 
.470940 .413354 
.471278 " .413645 — 
.•T16U •413931 ,41421$ .411940 

•413931 ,41421$ 
.472244 .414494 
.472532 ,414768 
.472894 ,415036 
.473199 .415299 • 
.473416 .415479 
.473416 .415455 
,473416 .415431 
,473416 .415409 
.473416 .415387 
.473416 .415366 " 
.473416 .415347 
,473416 .415329 ui 
.473416 .415312 B> 
.473416 ,415297 ' 
.473416 .4152B3 
.473416 .415271 -
.473416 .415261 
.473416 .415253 
.473416 .415248 
.473416 •*152»* 
.473416 =415243 
,473416 ,»15?*3 • 
,473*16 .415247 
.473416 .415252 
,473416 .415259 
.473416 .415569 
.473416 .415280 

- .473*16 ,415293 -
.473*16 .415308 
.473416 .415325 
.473416 .415343 
,473416 ,415362 
,473416 .415382 
.473*16 ,415*03 -
,473416 .415*26 
.473416 .415449 
.473*16 .415*73 
,473258 .415359 
,472965 .415097 

- .472654 .414930 
.472338 .414557 
.472015 .414200 
.471697 .413998 
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CHARGED PART. 
GAMMA R*Y 

TOTAL FLIOHT DOSE FOR SOLAR MINIMUM CONDITIONS » 2.AJ943 
TOTAL FUI8MT DOSE FOR SOLAR AVERAOE CONDITIONS • 2.13681 
SV9. DOSE / FLIQHT PROFILE HOUR (SOLAR MIN',1 • .3*706 
AVG. OOSE / FLIOHT PROFILE HOUR (SOLAR AVS.I " .3065* 
AVO. DOSE / BLOCK TIME HOUR (SOLAR MINIMUM) • .33509 
AVO. DOSE / BLOCK TIME HOUR (SOLAR AVERAflEJ « «??5<>I 
LEO BLOCK TIME 3 PROFILE TIME • 6.25 HOURS 

NEUTRONS TOTAL 

.70196 3.13139 MILLIREMS PER FLIGHT PROFILE 

.61791 2.TS672 MILLIREMS PER FLIOHT PROFILE 

.10028 .4*73* MILLIRAOS PER HOUR 

.0BBZ7 •39382 MILLIREMS PER HOUR 

.09682 .43192 MILLIREMS / (BLOCK TIME) HOUH 

.08523 .38026 MILLIREMS / (BLOCK TIME) HOURf 

o 



LOS ANQELES TO MEW YoRK SUBSCNjC PLIGHT (0.?5 MACMI 

SCHEDULE BLOCK TIME ON ONE WAYIHHS)= 5.1 
RATE OF CLIMB(FEET'MIN)B 2000.000 CRUISING ALTITUOE(FEET)* 36000 RATE OF DESCENTIFEET/MIN)• 2000.000 
CLIMBING GROUN SPEED (MILES/HOURS«4l3.00 CRUISING SPEED ('llt.ES/'HOUf')- 495.80 OESCENDING OROUND SPEED(MlLES/HSU^lai.ia.00 --

FLIGHT ALTITUDE AND DISTANCE PROFILE IN 1/10 hOUR INCREMENTS. 

ALTITUDE 

1S000 24000 3600(1 36000 36000 36O0O 36000 36000 
36000 36000 36000 36000 36000 3*000 36000 36000 
36000 36000 36000 36000 36000 36000 36000 36000 
36000 36000 36000 36000 36000 3*000 36000 360D0 
36000 36000 36000 36000 360O0 36000 36000 36000 
36000 36000 36000 36000 36000 3«.6oo 36000 36000 
24000 22000 0 

DISTANCE 

41.30 41.30 41.3n 49.58 49.58 • 9.58 •9. 58 •9.5B 
49.58 49.56 •9.58 ' 4 9»S8 " 49.56 """' 49.58 •9.58 49.58 . 
49.'"D 49.58 •9.58 49,58 • 9.58 • 9.58 •9.58 •9.58 
49. 58 49.58 •9.58 49.58 49.58 • a. 58 •9.58 •9.58 
49.58 49.58 •9.58 49.58 • 9.58 • 9.58 •9.58 •9.5B 
49.58 49.58 •9.58 • 9.SB 49.58 •9.58 •9.58 •9.58 
«1.30 41.30 • 1.30 _. _ _. 

TOTAL INPUT PROFILE DISTANCE - 2478.90 STATUTE Hi! ES 
FLIGHT PROFILE TIME » 5.10 HOURS IN THE AIR 



COMPUTED GREAT CIRCLE LEO DISTANCE • 2 * 5 3 . 1 THE IN IT IAL COURSE ANGLE • 65 .482 

LEO START LATITUDE • 

~LEO END LATITUDE. • 

LAT. LONG COURSE 
AMOLE 

3 * . 0 0 

• 6 . 6 3 

GEOMAG, 
L A T . 

LEO START L01GITUDE • -116.15 

' LEG ENDI LONGITUDE » -73.77 

34.12 
34.36 
34.60 
34.95 
35.13 
35.40 
35.66 
35.12 
36.17 
36.41 
36.65 
36,99 
37.12 
37.34 
37,55 
37,76 
37.17 
36,16 
30.35 
38,54 
39.71 
39.39 
39.05 
39,20 
39.35 
39.49 
39.63 
39.75 
39.97 
39.941 
40.09 
40.19 
40.28' 
40.37 
-0.4» 
40.51 
40.57 
40.62 
40.67 
40.70 
40,73 
40,76 
40.77 
40.78 
40.79 
40.77 
40,75 
40.72 
40.70 
40.66 
40,63 

-117,82 
-117.16 
-116.49 
-115.75 
-114.94 
-114.13 
•113.31 
-112.48 
-111.65 
-110.81 
-109.97 
-109.12 
-168,27 
-107.41 
•106,55 
-105,68 
-104.81 
-103.93 
-103.05 
-102.16 
-101.27 
-100.38 
-99.48 
-98.57 
-97,67 
-96.75 
•95.84 
-94.92 
-94,00 
-93.07 
-92.15 
-91.22 
-06.29 
-89.35 
-99,41 
-87.47 
-96.53 
-95,59 
•94.64 
-83.70 
-92,75 
-81.80 
-90,85 
-79,91 
•78,96 
-78,01 
-77,06 
-76.11 
-75.2s 
•74.4: 
-73.67 

99.29 
99.56 
99.83 
100.14 
100.49 
100.86 
101.23 
101.62 
102.03 
102,45 
102.99 
103,35 
103.83 
104,33 
104.85 
105.40 
105.98 
106.59 " 
107.23 
107.90 
109.61 
109.37 
110.16 
111.01 
111.92 
112.69 
113.91 
115.01 
116.18 
117.45 
118.91 
120.28 
121.96 
123.57 
125.43 
127.44 
129.68 
131.99 
134.57 
137,36 
140,39 
143,66 -
147,19 
150.97 
154.99 
IS',24 
163.69 
168.30 ' 
172.60 
176.55 
180.49 

41.16 
41.50 
41.84 
42.21 
42.61 
43.01) 
43.39 
43,77 
44,15 
44,52 
44,89 
45,23 
45,58 
4S.92 
46,25 
46,58 
46,90 
47.21 
47.51 
47.81 
48, 09 
48.37 
48.64 
«B.9I> 
49.15 
44,40 
49,63 
49,85 
50.07 
50.27 
50.47 
60.65 
5i').82 
50.99 
51.14 
51.29 
61.41 
51.53 
5].64 
51.74 
51,93 
51,90 
51,96 
52*02 
52,06 
52.0« 
52,11 
52.11 
52.11 
52.10 
S2.0B 

ATMOS. 
DEP1* 
GR/Sj. 
CM. 

827.93 
516.42 
307=49 
233.3 
233.3 
233.3 
233.3 
233.3 
233.3 
233.3 
233.3 
233,3 
233.3 
233,3 
233.3 
233.3 
233.3 
233.3 
233.3 
233.3 
233.3 
233.3 
233.3 
233,3 
233.3 
233.3 
233.3 
233.3 
233.f 
233.3 
233.1 
233.3 
233.3 
233. i 
233.3 
233.3 
233.3 
233.3 
233-3 
233.? 
233.3 
233.3 
233.3 
233.| 
233.3 
233.3 
233.3 

" 233.3. 
307.49 
516.42 
827.93 

CHARGED PiRTICi.ES AND GAMMA 
DOSE RjTEi (MREMS/HRI 

SOLAR H[N. SOLAR AVg, 
NEUTRONS 

DOSE RATE (MR6MS/HR) 
SOLAR HIN, SOLAR AVG. 

.056497 

.111879 

.150056 

.225611 
,2?7674 
.?2»?or 
.»317Q9 
.233679 
.235618 
.237523 
.?3'39> 
.241231 
.243032 
.244796 
.246523 
.24B2U 
,249860 
.251469 • 
,253037 
.254563 
.256045 
.257484 
.258878 
,260227 " 
.261529 
.562783 
.263999 
.265146 
.266249 
.267296 
.765292 
.269235 
.270126 
.270963 
.271746 
.272473 
.273146 
.2737^2 
•274322 
.»T*92* 
,275269 
•,275656" 
.575985 
.276256 
.276*66 
.276618 
.276711 

-.2767*5-
.181132 
.135168 
,06663* 

.055366 

.106197 

.139260 

.207063 

.208683 

.210275 
• 2U83B 
•213372 
.21*876 
•216351 
.217795 

',219208 
•220596 
.2219*6 
.223259 
•22454* 
.225796 

" .227015 " 
.228200 
•229356 
•230465 
•2315*5 
.232599 

- .233597 -
•23*567 
.235501 
.236396 
.23725* 
.238115 

-•239023 -
•239887 
•240706 
•241478 
•24220* 
•242883 

- .243514 
•2440'7 
.244631 
•245116 
.•245651 
,245937 

-.246272 
.2*6557 
,2467»1 
.246973 
.2*7105 
•2*7l86 

-•247215-
•16S1TS 
•126685 
•66*969 

•0?9397 ,0'9467 
,6'9528 

- ,079582 ,079627 
,079664 
,079„93 
.07971* 
.0797J7 

-.1)79732 
,052933 
.037707 
.015010 

roTAu DOSE RATE 
DOSE RATE IHOEHS/HRI 

SOLAR n i t SOLAR «VQ. 

.066972 

.134469 

.178435 

.265647 

.267966 
,2700*7 
.272189 
,»7*t9» 
.276351 
.278371 
,.'80349 
,25 2286 
•294i79 
.296029 
,297936 
,299597 
.291313 
.242983 
.294606 
.296183 
.297711 \ 
.294191 
.300621 
.302002 
.303333 
.304612 
,3059*0 
.307015 
.30 8124 
.309154 
.310133 
,311061 
.311936 
.312769 
.313529 
.314244 
.31*905 
.315510 
•316060 
•316553 
.316990 
,317370 
,317643 
.317958 
.318165 
.31931S 
.319406 
•316*39 
•213446 
.162026 
.079604 

http://PiRTICi.ES


TOTAL FLIGHT DOSE FOR SOLAR MINIMUM CONDITIONS 
TOTAL FLIGHT DOSE FOR SOLAR AVERAGE CONDITIONS 
AVO. DOSE / FLIGHT PROFILE HOUR (SOLAR H H , ) 
AVB. DOSE / FLIGHT PROFILE HOUR (SOLAR AV3.) 
AVGT DOSE / BLOCK TIME HOUR (SOLAR MINIMUM 
AVG. DOSE / BLOCK TIME HOUR (SOLAR AVERAGE) 
LEG BLOCK TIME • PROFILE TIME • 0.85 HOURS 

C1ARGE0 PART. GAMMA RAY 
1O23432 
1,11310 
__.2*2oa_ 
.2)885 
.23071 
.20806 

NEUTRONS TOTAL 

.35626 1.59058 M I L L I E S PER FLIGHT PROFILE 

.32116 1.43*26 MILLIREMS PER FLIGHT PROFILE 

.06985 .31188 MlLLIRAOS PER HOUR 
•0629T •28123 MILLIREMS PER HOUR 
.06659 .29730 MILLIREMS / (SLOCK TIME) HOUR 
.06003 .26809 MILLIREMS / (SLOCK TIME) HOUR. 



uos ANOELES TO NEW YOR< AT 1.4 HACH 

SCHEDULE BLOCK TINE ON ONE NAY<HRSI« 5.8 
RATE OF CLIH9(FEET/MINI- 3333*333 CRUISING ALTITUDEIFEETU 40000 RATE OF DESCENT(FEET/MI^)» 3333.333 
"CLIMSIMO 8R0UN SPEED(MILES/HOUR)-665.00" C&UISINB SPEED<HlLES/HOUR)« 924*00 " " DESCENDING GROUND SPE£D<HlLES/HJUR)"66S»00 

FLIGHT ALTITUOE AND DISTANCE PROFILE IN 1/10 HOUR INCREMENTS. 

ALTITUDE 
40000 
40000 
40000 
40000 

40000 
40000 
40000 
20000 

40000 
40000 
40000 

0 

40000 
40000 
40000 

4g000 
40000 4(j0?0 

III 20000 
401)00 
40000 
40000 

40000 
40000 
40000 
40000 

40000 
40000 
40000 
20000 

40000 
40000 
40000 

0 

40000 
40000 
40000 

4g000 
40000 4(j0?0 

III III 

DISTANCE" . .. . — • — 
66.50 
92.4s 
92.40 
92.40 

66.SO 
92.40 
92.40 
92.40 

92.40 
92.40 
92.40 
66.50 

92.40 
92.40 
92.40 
66.50 

92.40 
92.40 
92.40 

9?. 40 
97.40 
92.40 

92.40 
92.49 
92.40 

92.40 
92. *0 
92.40 

TOTAL INPUT PROFILE DISTANCE • 2483.60 STATUTE HitEs 
FLIGHT PROFILE TIME « 2.BO HOURS IN THE AIR 4* 
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TOTAL FLI8HT DOSE FOR SOLAR MINIMUM CONDITIONS 
TOTAL FLIOHT DOSE FOR SOLAR AVERAGE CONDITIONS 
AV8. DOSE / FLIOHT PROFILE HOUR ISOLAR MIY.) 
AVG. DOSE / FLIOHT PROFILE HOUR (SOLAR AVS.) 
Ava. >)OSE / BLOCK TIME HOUR ISOLAR MINIMUM) 

AVG. DOSE / BLOCK TIME HOUR (SOLAR AVERAGE) 
LEO BLOCK TIME • PP-i »LE TIME • 0.25 HOURS 

CHARBED PART. 
OAMMA R«Y 

.85334 

.7594* 

.30*76 

.27123 

.27978 

.2*900 

NEUTRONS TOTuL 

.2*209 1.09S43 MILLIREMS PER FLIGHT PROFILE 

.215*1 .97*85 MILLIREMS PER FLIGHT PROFILE 

.086*6 •39122 MILLIRAOS PER HOUR 

.07693 .3*816 MILLIREMS PER HOUR 

.07937 .35916 MILLIREMS / (BLOCK TIME) HOUS 
•07063 •31962 MILLIREMS / (BLOCK TIME) HOUR, 



WASHINGTON TO MOSCOW SUBSONIC FLIGHT (Q.75 MACH) 

SCHEDULE BLOCK TIME ON ONE WAY(Hf»s>« 1 0 . 0 

RATE OF CLIM8<F£ET/MIN)« 2000 .000 CRUISINS ALTITUDE(FEET)» 36000 RATE OF DESCENT (FEET/MIM)« 2000 .000 

"CLIMBING GROUN SPE£D(MILES/hOUR)«4l3«00 "'" CRUISIN5 SPEED(MILES/HOUR)n *9S»eO DESCENDING GROUND SPEEDlMlLES/H3URi)«^13.00-

FLIGMT ALTITUDE AND DISTANCE PROFILE I N 1 /10 HOUR INCREMENTS. 

ALTITUDE 

12000 
36000 
36000 
36000 
36000 
36000 
36030 
36000 
36000 
36000 
36000 
36000 
36000 

DISTANCE 
• 1.30 
• 9,58 
•9.58 
• 9,58 
• 9.58 
• 9.58 
• 9.58 
• 9.58 
• 9.58 
• 9.58 
• 9.58 
• 9.58 
•9. 58 

£•000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 
36009 
36000 
36000 
24000 

• 1.30 
•9.5B 
•9.58 
•9.58 
•9.58 
•9.S8 
•9.58 
•9.58 
•9.58 
•9,58 
•9.58 
•9,58 
• 1.30 

36000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 
12000 

• 1.30 
•9.58 
•«.58 
•9.58 
•9.58 
•9,58 
• 9.58 
•9.58 
•9.58 
•9.58 
•9.58 
•9,58 
• 1.30 

36000 
3*000 
3*000 
3*000 
3*000 
3*000 
36000 
36000 
36000 
3*000 
36000 
36000 

0 

• 9.58 
•9 .58 
• 9.58 
• 9.58 
• 9.58 
• 9.S8 
• 9.58 
• 9,58 
• 9.58 
• 9,58 
•9 .58 
•9 .58 
• 1.30 

36000 
3*000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 
36000 "" 

• 9.58 
49.58 
• 9.58 
• 9.58 
• 9.58 
• 9.58 
•9 .58 
•9 .58 
•9 .58 
•9 .58 
• 9.58 
•9 ,58 

3^000 
36000 
36000 
3«,000 
3*000 
36000 
3j,000 
36000 
3iO00 
36000 
3*000 

" 36000 

•9 .58 
•9 .58 
•9 .58 
• 9.58 
• 9.58 
• 9.58 
• 9.58 
• 9.58 
•9.58 
•9.58 
•9.58 
•9.58 

36000 36000 
36066 36000 
3600Q 36000 
36000 36000 
36000 36000 

" 36000 36000 
36000 36000 
36000 36000 
36000 36000 
36000 36000 
36000 36000 
36000 36000 

•9.58 
'•9.58 
•9.58 
•9.58 
• 9.5S 
• 9.58 
•9.58 
•9.58 
•9.58 
•9.58 
•9.58 
•9.58 

•9.58 
•9.58 
•9.58 
•9.56 
•9.58 
•9.58 
•9.SB 
•9.58 
•9.59 
•9.58 
•9.58 
*9.sB 

TOTAL INPUT PROFILE DISTANCE • A908.32 STATUTE MlpES 
FLIGHT PROFILE TIME • 10.00 HOURS IN THE AI« 
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CHARGEO PART. GAMMA RAV 
TOTAL FLIGHT OOSE FOR SOLAR MINIMUM CONDITIONS • 2.7*359 
TOTAL FLIGHT OOSE FOR SOLAR AVERAGE CONDITIONS • 2.45099 

AVO. DOSE / FLIGHT PROFILE HOUR ISOLAR MIN>.> « .27436 
AV8. DOSE / FLIGHT PROFILE HOUR (SOLAR AV3'.J » .24510 
AVO. DOSE / BLOCK TIME HOUR (SOLAR MINIMUM * .26767 

AVO. DOSE / BLOCK TIME HOUR (SOLAR AVERAOEI) » ,23912 
LEO BLOCK TIME • PROFILE TIME • 6.25 HOURS 

NEUTRONS TOTAL 

.80593 3.54952 HILLIREMS PER FLIGHT PROFILE 

.71987 3.170S6 MILLIREMS PER FLIGHT PROFILE 

.08059 .35495 MlLLlRAOS PER HOUR 

.07199 .31769 MILLIREMS PER HOUR 

.07863 .34630 MILLIREMS ' (BLOCK TIMED HOUR 

.07023 .30935 MILLIREMS / (BLOCK TIMEJ HOUR. 
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NEW YORK TO RIO DE JANEIRO SUBSONIC FLIGHT (0.83 MACH) 

SCHEDULE BLOCK TIME ON ONE WAVlHRSd 8.6 
RATE OF CLIMB(FEET'HIN)- 2J0O.00O CRUISING ALTITUDE(FEET>» 36000 RATE OF DESCENT(FEET/MIS>« 2000.000 

"CLIMBING GROUN SPEEO (MILES/HOUR) .457.00 " CRUISIN9 SPEEOC^U-ES/HOUR)- 548.60 -- DESCENDING GROUND SPEED(MlLES/HOUS)••57.00 — — 

FLIGHT ALTITUDE AND DISTANCE PROFILE IN l/l» HOUR INCREMENTS. 
ALTITUDE _ . ... . 
12000 24000 36000 36000 36000 36000 36000 36000 
36000 36000 36000 36000 36000 3*000 36000 36000 
36000 36000 36000 36000 36000 3*000 36000 36000 
36000 36000 36000 36000 36000 3*000 36000 36000 
36000 36000 36000 36000 36000 3*000 36000 36000 
36000 36000 360O0 36000 36000 3*000 36000 • 36000 
36000 36000 36000 36000 36000 3*000 36000 3600ft 
36000 36000 36000 36000 36000 3*000 36000 36000 
36000 36000 36000 36000 36000 3i. 000 36000 36000 
36000 36000 36000 36000 36000 3*000 36000 36000 
36000 36000 36000 36000 36000 24000 12000 0 

DISTANCE 
•5.70 • 5.70 •5.70 54,86 54.86 51.96 

54.86 
54.86 54.86 

54.86 54.36 S4.86 54.86 54.16 
51.96 
54.86 54.86 54.86 

54.86 54.96 54.86 54.86 54."6 51.36 
54.36 "~ 

S4.86 54.86 
Si.86 54.36 54.86 54.86 54.96 

51.36 
54.36 "~ 54,86 ~ 54.36 

54.86 54.96 54,66 54.86 54.96 54.96 54.86 54,86 
54.86 54.86 54.86 54.86 54.86 5Z.96 

54.96 
54.86 54,86 

54.86 54.86 54.86 54,86 54. 9* 
5Z.96 
54.96 54.86 54,86 

54. 86 54.96 54.86 54,66 54.96 54.96 54.86 54.86 
54.86 54.86 54.86 54.86 54.96 54.96 54.86 54,86 
54.86 54.86 54.86 54.86 54.B6 '4.96 54.86 "" " 54.8* 
54.86 54.86 54.86 54.86 54.86 45.70 45.70 45.*0 

TOTAL INPUT PROFILE DISTANCE • 6772.') •> STATUTE. MILES 
..FLIGHT PROFILE. TIME • 9«B0_ HOURS-..IWjME_AIR 
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TOTAL FLIGHT DOSE FOR SOLAR MINIMUM CONDITIONS 
TOTAL FLIOHT DOSE FOR SOLAR AVERAGE CONDITIONS 
AVO. DOSE / FLIGHT PROFILE HOUR (SOLAR MIM.^ 
AVG. DOSE / FLI6HT PROFILE HOUR (SOLAR AV(S.) 
AVOo DOSE / BLOCK TIHE HOUR (SOLAR MINIMUM) 
_.AVG. OOSE / BLOCK TIME HpUR_(2pLAR»yER»6Ej 
LEO BLOCK TIME • PROFILE' TIME • 0.2S HOURS. 

CHARGED PART. 
GAMMA RAV 

1.43*30 
1.36099 
_ . 16298 
.15*66 
.158*7 
.15039 

NEUTRONS TOTAL 

.33158 1.76578 MILL1WEMS PER FLIGHT PROFILE 

.31292 1.67391 MILLIREMS PER FLIGHT PROFILE 

.03766 .20066 
.19022 

MILLIRAOS 
MILLIREMS 

PER HOUR 
•03556 

.20066 

.19022 
MILLIRAOS 
MILLIREMS PER HOUR 

•0366* .19511 MILLIREMS / IBLOCK TIME) HOUR 

•03*5B .18*96 MILL1REHS / (BLOCK TIME, HOURt 
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