UNCLASSIFIED

UNIVERSITY OF MICHIGAN

ENGINEERING RESEARCH INSTITUIE

19 March 1956
Willow Run Laboratories
Willow Run Airport
Ypsilanti, Michigan

Signal Property Officer
Building No. 1150

Fort Monmouth

Little Silver, New Jersey

Subject: Contract DA-36-039-SC-64748, Phase I-A

Notice is hereby given that all technical aspects of the sub-
jeet phase. of the subject contract have been completed.,

This letter is incorporated as part of the final report of
Phase I-A, of the contract.

o Donald M. Brown
S "Project Supervisor
WRL Project 2411

DMB:enm

UNC




UNCLASSIFIED

UNIVERSITY OF MICHIGAN

COMPUTATION OF SPATIAL RADIATION
" PATTERNS OF RHOMBIC ANTENNAE

Final Report
on

‘Contract DA36-039-5C-6L 78-Phase T-A

To

Signal Corps Radio Propagation Agency
Fort Monmouth, N. J,

Period 15 July 1955 to 31 March 1956

James H. Brown °
-

ERI Project 2l11
Report 2411-1-F

Donald M, Brown
Project Supervisor

UNCLASSIFIED



UMRZ +64



UNCLASSIFIED

UNIVERSITY OF MICHIGAN

2U11-1~F

ABSTRACT

A method of numerical analysis to compute the antenna gain for
determination of the spatial radiation patterns for the various types
of rhombic antennae is formulated. A program for sdlving the problem
on the Michigan Digital Automatic Computer (MIDACS is listed in exter-
nal MIDAC language. Parameters for computing fourteen different types
of antennae are listed (Table I), and an example of antenna gain for

one type is given (App. B).

iii
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1. Statement of Problem,

thase Ia of contract Di=30-039 $C=6L7L3 requires the computation
of the antenna gain for 1L different types of rhormbic antennas, This
gain is to be calculateg for the pararmeter variations listed in
section 1.2,

Y

1.1 Equations for intenna Gain,

The antenna gain, 4, in decibels, ds given by the equaticn

o Ry m R
(B, + B/

. (1.1)
(136, 3)°

A
A =10 log
é;lo
Tne horizontal and vertical polari-ation co ponents, EH and EV
respecti.ely, are expressed in millivolts per meter at ons mile by

the equation

g, =" Gt )
n =
Ev s GR ) 3
where 7' = K cos g U}UQ(cos P = sin g cos 4), {1.2)
=¥ cos § U,U, sin [ sin 8, {(1.L)

- % The derivation of the following equations is given in reference 1.
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-0
= censtant )
)
n LK )
Q"\ \
. S Py \/ .
1 ! (1.5)
Kl i
)
i v L K2 )
y, = A ’
[ K2 /
K1>= 1 =cos Asin (8 + 1) )
) (1.6)

K, =1 -cos b sin (6 -£) )

figure 1,1 defines the geometric quantities of the above equations,

fig, 1,1

Geometry of i‘hombic iutenna
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~ilpt + (LwHA )si
G% D ilp! (LuH/\ )sin 4] (1.7)
-3pn W/ )si
G =1 - oI+ (bnE/A)sin o] (1.8)
X 2, vi
-7 ot 5! - (9! - cos =
where g1 g7 plo o sind cos’ 4) (1.9)

(
sin & + (51 - coszA)E

3
g o) P! . 8l sin b - (8 - cos’h)* (1,10)
€' sin A + (81 = 00525)2

5 -5 6 @ o107 (1.11)

(O]
1]
L
i

€ = constant, ratic of earth-zir dislectric

ke .
constants,.

o= ground conductivity, emu,

Fal

The quantities G} and GY are the ground reflecticn facters for

R R

torizental and vertical polarization, respectively,

le2 Yarameter Varistion,

“ters for the calculation of the antenna gain arve:

L = leg length, in feet,

s
(oo
it

height avbove ground, in reet,

one-half the iucluded angle, in deg,

> o
u

= vertical angle of wave arrival or departure,
in degrees,

azlruthal angle of wave arrival or departure,
in degrees,

L = 300/f = wave lencth in meters, where f = frequency
in mc,
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]| -
The first three parameters are functions of the antenna type,

.,

m. 1.
e other

I
|

. . . N
re are 1L of these types, ihich are listed in Table T,

2me < £ <30 me

2 degyo< b < 05 deg, (1,12)

N N N N N

0 deg, <

The calculation of the antenna gains is made for =ach tvpe of

antenna for:

29 freguencies, 2 through 30 me., inclusive,
N - 0 )
each two degress from & = 2° to L2~, and
o

) values ol B,

each five

P,

values of [,

[
(6]

each five

. o) :
degrees from A = 45 to 857,

cach two degree

]

fron £

= 0° to 300, and

3 “~ C, "JO
degrees from # = 35 to 1807,

Tt is nives a total of 560,200 values of tre antenna cain recuired,

TASLE T

Antenra Types

Tyre L, {t, {, It, g, deo
A 375 65 7e

o 315 57
D 290 5g

5] &=
no o
= -3
ASa 8 O
T
o

6245
60

(cont,)
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Tyve L, ft. H, ft, $, des,
RD=~1 100 130 67
RD=2 400 130 68
RD=3 10O 130 69
Rij=l 1,00 120 71
wes 150 130 60
RD-6 150 130 ly
RD=7 1,50 130 70

2. Solution,

2.1 Ground reflection coefficients,

The ground reflecticn coafiicients, G%
1

A

and (i} of equations (1.7)

and (1.8) are complex quantities; therefore, the wagnitudes of the

polarization compornents used in eguation (1,1) may be expressed as

™ /2 ) ‘\'? R B
/E‘}I/ = P17(G! G

)

b3

Lt o= (31 A _; Ny
Let UR Gl + 3 u2 2
/

e (AN 3 U
(rR Ll + (;? )

S

N N S

(2.1)
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o

-3 Ln HA sin A

e "= cos § + J osin ¥, (2.1)
Then,
G} = 1+ 00+ 5 08
T 179 % (2.9)
L
Gl o=l e wd )
S

where

ces

e e e
—~
~n
L ]

ON
~—

e
H
e
&=

’

2= e
3

=

PO -

(%))

*J.

i

(=8

+ R cos

sin Q

nS
=
b}
o
f

r"-h

W o

B

=/

| P pend

; o
v Q
2 [}
berl =8
i

s

)
) (2.7)
)

+ R} cos §

"M, T
Tl e v e
JIEINCIOT0

it
+ A
.

Gl Ul = (1 + 7 )2 2

EAY £

2

NN N
N
N
e
<o
N

o ‘ ;I' :/-\’ ' Q"
R "R “1 2

s e & ey o ! o~ - "y - ‘4 1 'l
Lguations (1,%) and (1,10) contain the term (€7 = cos“A)< .
Since €' 1s a complex quantity, it is necessary te determs

te be used upon taking the square root.

et €' =c¢cos™b =c+ jn=3 ev” (2

o)
e/ /

L Lont 2o qTvrave viemadd e PRSI A . X
The factor n iz always negative, and the factor ¢ 1s always positives

therefore, the angle 6 is in the fourth cusdrant,

B e U RN B y 1 1 sl
requires 9/2, The sign was clesen so that the half-ang

! iyt bl e el oL . vy
e lourtn quadrante  Subsequent checks with kmown values proved that

-

this was the correct assumition,
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o2 intenna Gain,
The factors f' and F" used in determining the antenna gain involve

Stru-g ~forwerd algebraic and trigconometric cowrutations, dor

N

. e 7 < .
purpeses of digital computation, ejuations (1.6) were expanded in

terms containing the sines and cosines of § and ¢,

3o Mechanization,

The coﬁrutation of fhe arhenna gain by the I'IDAC involves not only
the solution of the civen equations, but also an organization of the
progran so that as 1ittle time 1s srent in the computation of each

alue Qf antenna gain.as possible, This is necesssary because of the
large number of values to be computed,

i

The complete problem was divided into four parts, Fart I controls
the peramcter variation, and some sines and cosines are computed in this
part, . Yart II computes the ground reflection cosfficients; Fart IIT

completes the comzutation of the antenna gain. FPart IV is the print-

outl pro-ran,

3¢l Part I, Paraneter Variation,

=

ie paraticter variation was chesen so as to minimize the amount of

=
Y

elculation reguired, Zach of the 1y antenna tzvos requires the

caiculation of MO,GQQ values of the antenna gain, This constitutes a
run, wWithin a run, the ang le p is varied the pesty the frequency. [,
and the angle A follow in decreasing order of variation, Thus, the

Ceyorigtion

-

5 cousidered to be irn the "inner locp", with the f=

i
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variation in the middle loop; and the A-varietion eing the outer loop.

rart I controls the A~ ana {-variation, .ssociated with these two
parameters are two tallies, 1 and j, respectively, By setting thesce
tallies to the proper integral value, as shown in Table IT, any
desired combination of the parametsr variation for A and f for this
proolem may be obtained, The S-variation is controlled by Part TII,

Part I also computes the quantities: sin &, cos 4, sin ¥, and
cos Y. This is done at this peint to belp minimize the amount of

m

computation, These values are stored and used later on in the other

parts,

N

Yart 1T, Ground Reflection Coefficients,

Lo
L ]

The computation of the ground reflection coefficients reguires

the square root of a complex quantity (equation 2,7); thus

v

(€1 = cos?h)= = B*(cos 16 + j sin .8) (3.1)
where
B o= [(€ = costn)? + (=6-om\ 1012 )2]% (3.2)
, 12
= tan-l :Q—E:L~l%—~ (2e3)
€ = cos"A

In order to minimize com utation, sin 56 and cos @ are found

<
fl"OI!} t}; re J.d'i.;:‘ ons:e
: 1 1 ] -2“1‘
51n ‘,3'9 F - (.'2‘ s 72 c08 @)

(3e4)

N e

[¢]
o]
0
-
O
L}
—~
A
+
13
Q
o
2]
L
~—r
Lt
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Tne real and imaginary parts of equations (2,3) are obtained

from equations (1.9) and (1.1C); thus,

: . 2 .

] sin"h = 3

ﬁ]’n = 3.__...5.5_.... (3.5)

_. =2 3%sin b sin 18 o

‘é - S D'A in e (3.6)
vihere

2

.2 . Nl
DY = 5in"h + B + 2 B%in A cos - (3.7)

l) .
ﬂ“sin2A - B

o

2 \ 2 ,
2(n B*sin A cos =8 - £ B®sin A sin 8)
Ra = T (309)
where
D" = Hsin & + B+ 2(n D sin p sin 36 + € B sin 4 cos 26)  (3,10)
Ho=8% 4 p? (3.11)

Note that if the single underscored terms in equations (3,8) to
(3.10) are replaced by 1, and the double underscored terms are replaced
by 0, these equations reduce to the corresponding equations (3,5)
to (3.7)s This fact is used in prosramming the equaticns, Teble IIT
lists the equations for the computation of the ground reflection

coefficients which were actually programmed, Equations (211) through
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363

=10

(220) are common to both the horizontal and vertical coelficients,
Lquations (221) thrcuéh (23L,) are repeated twice, with the modifications
as indicated in equations (221) through (22l;) for the horizontal and
for the vertical coefticients, The final results are the magnitudes,

squared, of the ground reflecticn coefficients.,

Part 11T, Antenna Gain,
rart III completes the calculation of the antenna pain, Table IV
lists the equations used in the program for this calculation, The

*

values of the sine and cosine of ﬁ'are stored in a table, rather than
computing the sine and cosine of each © as it is used, FYart ITI is the
inner loop, and is computed L6 times for each time Parts I ahd 1T are
computed, The table look-up of the sines and cosines of B is faster
than the computation of the functicn would be each time,it is needed,

The L6 values of the antenna gain are stored, to be used by the

print-out routine in Part TV.

Part IV, Print-out,

The print-out program for this prchlem was desisgned around the
fact ol the large amount of output required, The antenna gain is
required to one decimal aigit accuracy., The limii on the magnitude
of the pain is less than 100; thérefore, only three mumbers need be
printed out for each value of antenna gain, 3By using a fixed-proint
print=-cut (alwayS'printing out three decimal digits, even ttuough the

first are zero), the decimal point need not be printed, This reduces
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the number of characters to be printed out, If the value of the
antenna gain is rezative, the negative sign is printed after the
number., Two print-out formats are available; éingle colunn and page.
The running variable for the column is 8§, A page consists of 10 columns,
with the column variable being A; three pages are used for one value of £.
Before the gain is printad out, it is converted from binary
(the internal language of the MIDAC).to decimal, Also the number is
rounded in the second degimal nlace,
In case the aﬁtenna gain becomes equal or larcer than 100 in
magnitude, the print-out propram indicates this within the 1list of

) . , - N . )/
values, 4n identity word is printed out preceding the group of 16
values of gain for each A-f variation,

Creanization,

= &
e e e

Operation,

The program for the calculaticn of the antenna gain on the HIDAC
is given in Agpendix A, The program was divided inte two sections
to best 1it into the high-speed storace space of the ELDAC. Tre first
section contains parts I and II, and the.second section contains varis
IIT and IV, These two sectiors are stored on the drum, and are called
into the acoustic memory when needed.,

The program starte by reading in the parameter tape specifying the
antenna tvpe, Toe first secticn (parts I and II) is called in to

icients for a

stie merory, and the ground reflection coel

-t
a
o
¢
O
fusd
W

narticular A-f combination are computed. and stored, The second
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NS

section is then called in, The enterna cain for the L6 values of
5oare computed anc stored, the computer cycling threough Part TIX
L6 times, The print-out routine is then entered, and the A- and
f-tallies and the L6 values of the antenna gain are printed out,

chesen and the

w

svection 1 is recalled, a new value of f 1

process repeated, .aen the progran has cyeled throurh all the values
of I, ¢ A i1s chosen. This continues until a run is comnleted,

A run consists of L0,020 values of antenna gein,

The program is designed so that it may be halted at any point,
and the computation continued from that peint at a later date, fThis
15 accomplisied by setting the A- and fetallies to tlie desired value
(cfo Table II) after reading in the antenﬂa-type rarameters, Table
V is the flow diagram for the computation of the antenna rain,

The progfam is written to be uwsed with the HAGIC I system of

~ E T ™ A Y

avtenatic prograrming, developed for the TIDAC. (cf. . ref. 2).

rror Talhs,

During the reriod of continuous operation of the 1047,

random machine ralfuncbions will occeur,

qc

hese occur at such

ab]

.

frequency, that Ior runs over an hour in length, it is advisable to

)
[&2]

L

provide recovery procedures; The recovery procedures should he
utamatic as pessible, and this may e Jdone Uy prograrmed recoveries,
the main method of recovery after 2 machine malfunciion is the

A

use of a "rollback", At specified intervals durinc thz computation,
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the contents of the acoustic wemory is stored on the drum, Then, if
a recovery is required from a computer malfunction, tnis stored
coritents is bLreught back into the scoustic memory, and comvutetion may

ve "rolled back" to the roint at which the aconstic remory was shored,

Thus, the entire comuutation need not be repested,

The programminz ol a rollback routine requires the consideration
of some factors, The first factor is the assurance that the contents
of the accustic memory is corract belfore it is stored, i,:., the

essurance that registers in the acoustic remory have not picked up or

lost informstion, 4 hullt=-in chec hnE circuit in the computer. auto-

1

notically indicates such an error as each register is used, Thus,
pricr to storing for rollback, a cycline reutine is used which refers

to every reglster in the acoustic memory, If everythine is correct,

the acoustic memory is stored and the prégram continues, If there is
an error, the computer halts automaticelly, The faulty component
must be corrected,’ and the program may be continued by calling in the
previcus rollback,

When thelrollback is used, the computer must be started in the

at the time of storage for roliback,. This requires that

5'.7

geme state as
the instructicn counter and the “ase counter be stored as rert of the
rollback, The first instructions of a rollback use these stored

values to reset the counters,
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A rollback routine has been incorporated in the program for
calculation of the artenna gain, Tt consists of two parts: ichecking
the acoustic Merory, storiné the counters, and storing the acoustic
rerory; and recalling the stored memory, resetting the counters, and
continuing the program,

The checking‘of the acovstic memory is accomplished by adding
each register to a sum-register, This uses every rcgister in the
acoustic nemory and will cause an error halt if inrormation has been
altered by a malfunction, This sum is also stored, to be used by the
second part., The values of the instruction and base counters are
also stored,

The second section performs the actval rollback, TheAstored
nerory is recalled to the acoustic nemory, sumred and checkéd against.
the sum obtained in the first section. This checks the call-in from
the drum, Ii there is a discrepency, the stored memory is called in
arain, This is repeated three times, after which the computer halts.,
such a halt usually indicates major trouble, so the run is discontinued
at this point,

Sometimes the information called in from the drum can be called
in incorrectly., A drum read-in check program has been incorporated
into the program {rom calculation of the antenna gain, As each of
the two sections are called in from the drum, each word of the
section is automatically added to a sum register, Upon completion of

the call=in, this sum is compared with the knovn sum for that section,
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If the sums agree, the program continues. If the sums do not agree, the
call-in is refeated as many as three times, If, after the third time,
the sums still do not agree, the computer prints out the call-in order
and the two sums being compsred and halts, This gives information which
helps locate the ralfunction. Upon running again, the propram auto-
matically proceeds te the rollback routine and rolls back to the last
previous memory store,

It was nentioned in describing the rollback routine, that the
sum of the entire acoustic memory was taken prior to rollback, The
negative or this sum is stored as the last word of the acoustic memory,
Upon calling in this stored memory for rollback, the complete sum should
then be zero,

The program may be halted at any point and the computation resumed
at a later time with very little loss in computation time, ‘This results
from the use of tallies to cycle the parameters. The identity word
which is printed out before each group of antenna gains, indicates the
i and j tallies, as listed in Table II, 3Iefore beginning computation
again, these tallies are set to their next value. By this method,

the prozram will continue computation from where it left off,

Subroutines,
Standard MLUAG subroutines are used in the program for the
calculation of antenna gain, Part I uses the sin-cos subroutine;

Fart IT uses the square root subroutine., Part III uses the sine
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subroutine, anu the log subroutine. The sines and cosines of the
46 values of [ were computed separately, and werc incorcorated into

the main prorram as a table of values,

6. Results,

The 560,280 values of the antenna gain were punched out on paper
tape, via the high-speed teletype punch, Column format outppt was used
with types D, E, F, G, Editing with this form of output was difficult
because of the physical handling of the tapes and paper required., A4s
a result, the program was revised so that the output was in page form,
The output for the remaining types used this page format output.

The following statistics resulted from this problems

Output -- 1 runs,

87 pages/run 1218 pages.,
3290 characters/page 14,007,220 characters,
10 char./in, of tape 100,722 in. tape

6.3 mi, tape,
Production time on the MIDAC,

Computation of antenna gain 60,9 hours

Print-out 18.5 hours
Total 79.4 hours
Editing time -- 10 minutes/page 203 hours

LASSIFIED
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Appendix B is an example of the edited output, The sample used
is for Type C, with a frequency of 2 megacycles, The column variable
is A; the row variable is B, The first word of the column below the
column heading is the identity word,

One complete copy of the edited output (1218 pages) has been

supplied to the contracting officer,
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=y * i Asz
where:

i xi
hex dec 0
00 0 2
oL 1 N
02 2 6
03 3 8
ol L 10
05 5 12
06 6 1
or 1 16
08 8 18
09 9 2"
Ca 10 22
b 11 2l
0c 12 26
od 3 28
e 14 3
of 15 32
10 16 3l
17 36
12 18 38
13 19 e
U 20 L2

0

0

deg,
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Table II

PARAVETER VARTATION

NS
(o]
BA
.l_J-
A
)
\C

= 2 deg, AIXO = 2 deg,
O o 60 deg, Ax. =5 d
=0 Se 0%y = 2 deg.

1 Xg deg,

hex dec

15 21 L5
16 22 50
17 23 55
18 2L &0
19 25 65
la 26 70
L 27 75
lc 28 80
d 29 85
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f= Xj me
xg = xg + 3 AxB where: xg =2 me
AXB = 1 me
J xj ne

hex dec 3
00 0 2
01 1 3
02 2 L
03 3 5
ok L g
05 5 7
06 6 4
a7 9
08 8 10
09 9 1
Ca 10 12
Ob 11 13
Oc 12 1
04 13 15
Oe 14 15
0f 15 17
10 16 13
11 17 19
12 18 20
13 19 2"
Uy 20 22
15 21 23
16 22 2l
17 23 25
18 24 26
1 25 27

MICHIGAN

Y xdme
hex dec 7
la 26 26
b 27 29
le 28 30
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p=xg
xé = xg’ + k Aix
= xy +k A
k xg deg
hex dec
00 0 0
0l 1 2
07 2 N
03 3 6
oL 4 3
05 S 1o
06 6 12
or 7 1
08 8 16
Q9 9 18
Oa 10 2
Ob 11 22
Oc 12 2l
0d 13 26 .
Oe 1L 28
of 15 3.
16 16 35
11 17 L0
12 18 L5
13 19 50
20 i
15 21 60
16 22 65
17 23 70
16 24 75

UNCLASSIFIED
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Anx

=20
I
 for 0<kg 15 where Xg = Cs Alxé = 2 deg,
16 < k < I3 xg = L5 deg;
k XE deg

hex dec

19 25 80
la 26 85
b 27 90
lc 28 95
ld - 29 100
le 0 105
1f 31 110
20 32 115
21 33 120
22 3 125
23 3% 130
2L 36 135
25 37 140
26 38 15
27 39 150
26 L0 155
26 Ll 160
2a L2 165
2b I3 170
2¢ b 175
2d L5 180

= 5 deg,
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1. Radio Propacation Unit Technical Report 7: ILinear Communication

intennas, May 1949,

2o "Digital Computers and Jata Processors", lotes for the University
of Michigan Sumner Session, 1955, Cecetion IT,2,1: "Yrosramming
for the MAGIC I Cwstem',
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Appendix &

rogram for Calculation of intenna Gain, == Column print-out.
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0016££001
%}4 M¥  12-7-55 Antenna Gain Brown
EXPLANATION
adl025m
£dd39
ac008
cd
£2200 00 001 03 r1 call in part III 8
343 d37 200 ri call in part III S
£00 -0 a08 cm forced —-> 101
faaOl e00 €00 e00 su 0 —> 1% I
1e00 1e00 1e00 su 0]
2e00 2¢00 200  su 07k
faa02 Te10 00 511 mf ’s(md) 27
al3 001 1la03 fi file -> sin-cos
£00 510  hell ad  sinxg .27
£00 511 5ell  ad-  cos x; 271
faaOl e00 1600 405  cn  Is i3 217 100
€00 2¢00 206 en Is 1 > 30?
0 0 0 ri halt
£00 -0 a0l em forced -> I
£8a05 €00 5000 €01  ml  iAx. 278
3200 01  el0  ad- ) 414, x> -8
£00 -0 a07 cm forced
faa06 @00 6000 €01  ml  14,x0. 2™
| 4000 e01 el0  ad- xg" 1 by %) > xé . 270
£aa07 el0 000 511 e o, 27
a03 001 1a03 fi file => sin-cos
£00 510 2%e10 ad  sinxt . 2%

0



A2

£00 511 lel0  ad-  cos xé Jot
faa08 b15 001 1b15 fi store rollbatk 101
1e00 7¢00 a09 en Is §j > 307
8e00 200 e00 ad 1+i->i
1e00 1e00 1e00 su 0 -> 4
£00 -0 a0l cm forced = 100
£aa09 1e00 9¢00 e01 ml Jaxg. 20
10¢00 e01 e01 ad (£t x‘; $ibx) . 278 me
e01 11¢00 3el0  dv-  (\ = x‘; = 98l.3/ed) . 272 gy
12¢00 6e10 €Ol mr 2 x, . 2~19
e0l 2el0 e0l mr 2 xh Xy o 2"20
3610 0l 0l AV (2xmxy/x;) 278 (rev.)
01 14¢00 Ol 8n 0 (rev. 1270)
13600 e0l 511 mr- 246 . 27 rad.
a03 001 1a03 fi file -> sin-cos
-1
£00 510 ell su 1/7 = -sin (buxth/XB). 2
£00 511 lell ad- 1f6=cos ( * ).,2%
£00 -0 a24 em forced
faa03
da061
029024
038038038k (sinecos ;ubroutines
027028038e5
02611£002a¢
024115185
1££0290066d
1££0290036d
1££02a1f bl
02102200%ed
0271184
01£030030ek
0lelffo0O%ad
1felfelfeOl
01f0lelffe5
01b01c017ed
1££01£0056d
01¢0191fec5

1f£0181feltl



11 F1L£04
01601 feded
0lalfro27ab
0260260279
013011003e5
01201blffe5
0241rr1£ 189
1££0lalffhs
Ql1fffrefes
ffe00dffded
00e01d01de5
Olelffl1ff89
00¢01b00 ed
00b00allcel
00900d01ce5
00001a01bel
00801a019e5
0061ff1feB5
005006ff1led
0150041ffcl
003004 fdaed
1£f0lalffhs
1££0201FfU5
-00000000000
00000000001
00000100000
80000000000
FEeEeLerees
32431628886
96¢cbe3£9991
6487ed5110b
¢90fdaa221/
00000074 fba
-00001e28998
000541dad 70
-00996964021
0a335e333(c
-52aef3988ae
c90fdaa2211

QOO0

facO0

da003

def

Befa351294f
00000000015
0000000001e
.2

.60

.2

)

ld
2d
1d
14

A3

(sin-cos subroutine continued)

-8b
-8b
-8b
-8

c00
1cGO

2c00
3c00

Lec00
5¢C0
6cC0

r
7/180 . 2°
21 . 24m

30.2‘hh

or -8

X. o 2  init A!

2-8 init A"

Ax> 27



da002

def

da003

faell
cd
faa2h

faal8

00000000014
00000000001

.1

.2

.9843

ok
c90fdaa2216
00000000008

2clo
3e37
Je3(
lelO
e38
1c10
8e37
e38
az22
£o0
a22
£00
8e37
e37
6¢10
511
az2
f00
6c10

3el0
17¢10
3e37
lelO
4el0
e38
8e37
ka37
001
511
001
511
5¢10
e38
e38
7010
001
511
e38

frils

3e37
Je37

 Ye37

038
e38
8e37
e38
511
la22
e37
la22
5e37
e38
e38
511
511
1a22
6e37
511

n
[}

mr

mr
sn
su
mr
ad
fi
ad-
i
ad
sn
dv
ad
sn
fi
ad
su

an

7c00 29 . Z'hh

8¢00 J..'z‘hh

9¢00 A x3 . 2'8

0 -8

10c00 x., ., 2

3
1100 (984.3) . 2720

1200 2 . 277
13¢00 2% , 273

Uc00 ° 2"“‘

- 2. 8
(yz‘l; kl-xol)oz

V212, 2716
2 26

2 2
" =¥ * gy hm®
file <> sq, rt.

Yy .2-8

file sq. rt.
% <

(y3 75%) . 2

Y2y, .27

Y2y, /5,.2¢

-2

-1

yhoz
file -=> 8q. rt.

yh o 2-1

-1
2, % - 7p,1/%2) 2

(y
5

~
o ]
P  ©



A5

a22 001 la22 f1 file -> sq. -rt.
faa2l f00 511 Te37 su- y . 271
S5e37 2e10 e38 mro ¥, . %, . 27
e38 be37 le37 mr (y8 =¥y, x2) . 2'6
e38 1e31 2637 mr (y =y 3. %) . 270
faa25 £00 8c10 a26 ad 2a -2 1A
£00 1010 7e37 ad 1.2 sy
£00 1110 937 ad 1.20 5y
10e37 10e37 10e37 su 0 = Y10
5e37 5e37  5e3( U0 >y,
00 -0 a29 cm forced
faa30 £00 9¢10 a26 ad 93 o 2 1B
12¢10 be37 Te37 ad (v, = ki; yi) pol6
£00 1010 9e37 ad  (y =k) .27
3e37 le37  10e37 mr  (y;, =y, ¥ . 2~l
3e37( 2e37 5e37  mr (yl3 =¥y y9) .27
faa29 2el0 2el0 e38 mr xg . 272
Te37 e38 6e37 mr- (yy, = Y19 xg) . o718
faa3l 9e37 le37 e38 mr o ¥4 - ¥y 2
5e37 e38 5e37 ad 2(1{13 tyy, - ¥g) 2715
5e37 13¢10 5e37 sn (" ) . 212
e’/ 1410 38 sn ¥, . 2712
e38 5e37  5e37  ad [y, + 2y vy vg)l L 270
 6e37 15¢10 38 sn ¥y, - 2712
e38 5637 5e3T  ad- (yig = yy * ¥, * 2Ry ye T
faa32 9e37 237 38  mr (v
1037 e38 10637 su Ly (v g y8) 1o-15
6e37 13610 9e37  sn  yy .27
e37 16¢10 e38 sy, . 2~15
Se37 e38 Se>T su (YH =Vy - Yp) - 271



faa33 10e37 ell  6e37  mr (y5 ey, . 2716
9e37 lell Te37 mr (y19 = Y14 y6) . p~16
10e37 lell 10e37 mr (y21 " Y14 yé) . 2"16
9e37 ell 9037  mr  (yy, = ¥y, ¥y) L o716
Te37 6e37  e38 U (yyq - ¥yg) - z'lé
5e37 38 63T av  [yy =yg-y)vygl - 27
9e3T 10637 €38 ad (7 *yyy) - 28
5e37 e38 Te37 dv [y23 = (y22+y21)/y15] Lo
Te37 Te37 7637 mr  (y,,0) . 27 ‘
faa26 £00 -0 a2’ em o2
faa2’ 3¢10 6e37 2ell ad 1ty 24
2ell 2ell  2ell mr  (1+ y20)2
2ell Te37 201l ad- [y, = (leypg)®e y, 32] . 2‘8
| f00 -0 a30 cm Forced -> 1B )
faa28 3¢10 6e37 3ell su  (1-y) . 2~k 2B
3ell 3ell  3ell mr (1- y20)2 L2
3ell Te37  Zell  ad- [y, " (1-y20)2~y232] 28
£00 -0 a00 om forced
def
faclO 0 0d Ob cl0 <0
.10 2d -8b 110 k, =@ . 20
- 36756 -14 Ob 2010 (ky = -6 o 201%) . 2°
.1 1d 21 3¢10 1. 2
-.6 1d -44p 4elo <6 . gl
-2 14 -bh 5c10 1. 27
5 0d  -1b 610 .5, 27
-.1 1d -4hp 7¢10 -1 . 24‘1‘
cd £00 -0 a2( cm 8c10 2A
£00 -0 a28 cm 9¢10 2B
def 1 1d -16b 10¢10 1,2‘16



faa2?2
da0O27

013014000cd
0121£f002ad
011012ffeed
0101ff002ac
-0011f£0000f
1££00001426
01300f014eT7
013013012e5
1££01101167
01000¢010e 7
00900a00de5
00800e1ffe5
1££00900b67
1£f00c00b6b
00900a009e5
00000000cad
00300a00ael
1££0091F 4T
001002feeed
-00000000000
FELLLLeeeerse
-00000000001

e NoNaoNoN o

fae38
fae37
ac429
cd

fab00

fab0l

f00
00
00

-

1d
3d
1d
14
ld
1d
14

-0
b1l
-0

A7

-16b
-4y
-4y
-4 p
-4hp

“4p

0

1bl2
b05

cm

ad

cm

1lcl0 1. 2'8
12¢10 klz 28
1310 3, 27k
Uelo 4 . 274
15010 6 . 2%
16610 "7 . 2‘.1‘bv
17¢10 I . Z'hh
sq. rt,

e38 t,

e37

10e37

exit

xfer ZI

forced

| Rad




A8

fab02 £00 b1l 1bl12  ad  xfer &g
£00, -0 05 em  forced
fab03 £00 2bll Ibl2  ad  xfer Iy
f00 -0 b05 cm forced
fabOk £00 3bll 1bl2 ad  xfer ZIV
fab05 bOT7 -001 -001 -f1 file ¢, and clear
b00 5p1l hpi1 ex v of exit -> £
00 b1l b0O ad <) modHy extt
kp11 6b1l kp11 sn shift §,1+12 bite <> !
bp1l Tbll bl3 ex set up xfer order
fabl3 £00 0 b06 ad xfer r , 1 order
fab06 0 0 0 ‘I‘i r.i order
£00 £37 bl2 ad  xfer 3
p12 1bl2  blo en sy > T, ?
1p12 bl2 b10 on Is Zi >
fabO7 0 4095m -001 ba reset ¢
f00 -0 b00 cm forced => st
fab10 -001 003 006 ba  repeat ri 3 times
001 b06 0 ro  print ri order
002 bl2 0 ro- print 7, Zi and halt
£00 -0 blk cm forced -> rollback
fabll
da008 0 b1l ZI
000000001 wil 1. 273
0 2b1l ‘Z.m
0 3bll Zw
0 Lbll !
000000fff Sbll y exit
0000000000¢ 611 12 , 27k
000£ff Toll b exit
fabl? pl2 Z



A9

2c2b12 w2 £,
od
fablhs 0 4095m O ba set ¢, and ¢
bl5 -001 -001 -fi file ey and cleer
£00 0 617  ad save overflow
£37 £37 f37 s 0> I
£00 ™17 0 ad normal overflow
fab16 £37 ~0 £37  -ad
-001 511 b16 ba } -
£00 £37 511 su -2 51
512 0 d35 ro store menm,
£00 6b17 0O ad  reset overflow
£00 -0 - bl5 cm  forced -> exdt
vfablll 0 0 0 ba ¢lear c
fab09 -002 bl7 0 ro print rb
-001 517 © - ro print »b
512 d35 0 ri call in rellback
- £00 137 »18 om  is 2 = 0?
£00 6bl7 0 ad  reset overflow
£00 -0 bl5 cm forced = axit
fabl8 -001 003 b09 ba  try 3 times
-006 bl7 0 ro  print "rb ngv
003 €00 0 ro- print 4, J, k tallies and stop
£00 -0 blk om  forced
fabl?
da008 c8 bl?7
2¢ vl? b
40 2bl? sp
he P17 n

88 kol? ¢



410

a4 5bl7 ec.r.
0 6tl? store overflow
00000000001 7b17 normal overflow
adl408m
£ad35 d35 r.b, store
ac8bl7
fae00 €00 1 . 2'& A
1e00 j o 2" A
ac3e00 . . 2600 k . 2"”" g
faelO el0 xy = A . 27 deg
810 1610 xJ-cosA 2-1
ac8e
2e40 xzﬁsinA . 2 -1
0 2 .
faell 3e1D 13kx .2 .§t‘ o1l 77 5 1
ac008 bedo x = . 212 lell y, . 27
5el0 x, =1, 2 -8
ad1088m 6610 7 12 2ell Vo5 + 2 8
. o m b2 3ell yyq . 27
fdd3 7€10 xg =0, =8 Lell Vo - 9=l
-1
cd | 5611_’28 . 2
faa}lt b00 001 b01 i
* call in part I
231 d39 a00 ri
fab33 0 0 0 ba 0 > c,
faa35 2e00 c02 a3b en is k > 16?
2e00 1c02 a’f cn is k > L6?
2e00 2e00 2e00 su 0 ->k
00 -001 all fi forced clear cy
faa36 2e00 2c02 02  ml  kAx. P
3c02 02 Hel0 ad  (xf=xy +kax)2”
£00 -0 38 cm forced
faa37 2600 Be02 @02 ml  k A2x6 . 2‘8
5002 e02 4el0  ad (x6 - x° + kbyx,)
faa38 200 8c02 02 sn (2k) . 2“2“
b34 -001 -001 -f1 file cb and clear
e02 Te02 e02 ad
set up xfer order
e02 9e¢02 a39 ex

: -1
faa39 £00 -e04 -e03 -ad sin-cos x4 . 2



All

-001 002 a3  ba sif-o08 x, , 27
fab34 0 ~ bog5m -001 b2 . reset o
hell 1603  1e02 mr g y. 22
5ell e03 - 402 mr Yo Yo * 2
1e02 he02 €02 ad  (y =y, Yyt Tpg o) - 272
le02 he02 le02 su- - (332 * ¥p7 T30 Vo8 y29) o 2
fab2k 12002 510  he02 mr  (n.x,). 2~
3el0 ke02 2e03 av (y35 -y x.,/x,) . 2'6
2e03 2603 3e03  mr  (y; =¥y 2™
lel0 e02 e02 mr (xlyjl) . 23
10¢02 e02 e02 su. (y3’3 .] - x1y31) . 273
1e10 le02 1602 mr  (xy,) . 23
10¢02 1e02 le02 su- (th “l - xlyﬁ) L 273
fab25 e02 11¢02 120 en is Vi3 2 >€ 7
2e03 e02 510 mr (v =y vy . 27
28 001 b27 i file = sinc/6
£00 511 2002 ad~ (= siny, /i) . 271
© £00 -0 b2l om  forced
£ab20 £00 13002 2002 ad 1,2t oyg
fab2l 1e02 1102  b22 o sy, 28 ?
2e03 le02 510 mr (yoeyoyy). 2™d
b28 001 b27 i file -> sing/e
£00 511 602 ad- (= siny/fy,) . -1
£00 -0 23 om  forced
fab22 £00 13c02 302 ad 1,27t . Va5
fab23 18¢02 5ell 02 e (k) 79
002 3603 €02 L (D P 2~21
e02 2e02 e02 mr (w0 Yag - =22
02 3602 €02 mr- (- 3y28y3 ;. 1,, W) * p23
bell lel0  ke02 mr  (ypx) > &
1e03 19¢02  1e02 sn  yy 22



fab29

fab30

fab32

le02
le02
le02
e0>
leO2
le02
2e03
e02
e02
20c02
be0?2
e02
e02
e02
be02
2e02
3e02
3e02
22¢02
3e02
511
511
2e02
keo2
b31
511
2e02
2e02

3e02
-el2

6¢02

-001

ke02
le02
2ell
2el0
le0?2
3ell
3e05

heo2
he0?2
6¢02

e0?

2e02
2e02

21c02

2e02
2e02

e02

1le02
le02
2e02
001
25¢02
20c02
3e02

23c02
24c02

2e00

Ok

Al?2

1e02
leO2
2e0)
le02
le02
5e03
3e02
heo2
e02
beo2
he02
e02
2e02
e02
be02
3e02
2e02
3e02
2e02
511
le02
511
2e02
2e02
1b31
3e02
2e02
3e02

-el?2
-el2

2e00

a’3h

Ty T = ) 2
mr (3 ‘g))_z-h

meo (¥, " V)¥eg) 2

mr gy, ) 2

mr (e = yﬁh) 2™

nr (56 = g 2
ad (= ) 2
px  Px (y)) 2k

sn Yho 2-(23-})3()

su (23 - px) 2’“‘

sn 2(23 - px) 2'hh
2 ,=2(23-px)

mr yho

px  P'x (yio)

sn yio 2-2(23-px)+p1t'

su-  [2(23 = px) = pxt] 2
mr yh7(1/186°3) =12

px Px" QYL‘-?)

sn yh', 2-(12-pxn)
su (12 - px") 2'M‘
.58+px+px'+px"

mr o (30 2
px  Pxm (ymyio)

sn- (yh7yi0) 2'58+PX+PX'* px'"+px™ !
su (12 - o - o) 2

ad- . K = exponent of (yh7yﬁo)

i file => log2 routine

sn ].og2 2‘8

sn K 2-8

ad 1og2(yh7yﬁo)-(l+logz) 2'8

mr- )[YLB - 1010g10yh7yﬁo

-ad ) -1010g, 186, 3]2712

ad l+k=>k

ba Repeat L6 times



Al3

xiix . 2x xidx mk  mox
| £00 =0 b14 om  forced -> rollback
fab27  14c02 510 ke02 mr  (o/v) .27
 he02 15002 4e02  sn  (9/2w) . 2° (vev) frac. part
16¢02 Ke02 511 mr 8. 2™ (rad)
p26 001 1b26 fi file -> 8in rout. 
511 17¢02 402 sn  (sing) . 270
510 be02 511  dv  aing/e , 27
fab28 - £00 -0 0 om  exit
fab26
daoOh1 26 sin rout
01901a000¢d
0181ff002a¢
OlelfrireBs
1££01900a6d
1££0190036d
1££0191Fh4

013014002ed
0181£r1rr84
1££01400564
01001201ee5
1££00£01d61
00e0lalffes
00d00effhed
00f1ff0laab
oonoogeoues
0180180199
0100091ffe5
017111189
1££00f11TM5
007 fe5
ffe00krfded
01217r1rr89
003004 feaed
1£fO0F1LFlS
1£70151FL45
«-00000000000
00000100000
80000000000
32431648886
96cbe3r9991
¢90rdaa 2217
87ed5110¢
00000074168
-00001e28998
000541dad70
-00996964021
0a335e3337¢c
-52aef3988ae



¢90fdaa221
0

0

fab3l

da032

1

40000100006
1££01e0126¢
1£r01b11 148
101101064
1££01001065
01a019019eb
00£018018eb
017017018e9
40000900365
k000041145
1£0151£ 149
1££00c1fLh5
£rr010fffes
ffe005f fded

0101ff1f£8
1f700elfrh

k00001£r026
1f£00c1f 45
10111545
-0011f£0000f
5a827999f¢ f
2bec3330189
00000004232
000000b0£06
00001e44962
00059735kt
013e5065819
{ebbeT2¢c5fe

000001
8

0
0

def
fac02

def

.16

24

2d
14
0d
14
2d
ld
eOk
24

A

ri

b3l loga rout

1c02
2102
3c02

Lic02 4,

5c02
6c02
7c02
8c02

initial ginB add.
EliE’hh



Al5

da001 ooor;r | 9002 B ext
d@f 01 1d "3b 10c02 1.2"‘3
1 1d  -40p 1102 1.2 2
da001 0c90fdaazal 12002 w276
def .1. ld "lb 13002 1.2"3-
42001 517celb7272 Weo2 (1/n).2°
def .8 14 -4 15002 8,274
da001 c90fdaa2217 : 16002 27.2™3
def -9 1d -44p 17c02 <9,0~M
.128988 34 -8 18002 k2™
-.1 la -hhp 19c02 -1.27%M
.23 2d -4 20002 23,270k
.005367686 0d Ob 21c02 (1/186.3)
.12 24 -bkp 22002 12,270k
3010299957 1d -k 23002 10(1ggy2).2°
ZO921705486 ad -1 b 2002 (19308186, 3 =12
-.8 14 -k 25002 -8,27Ub
.36 24 -hbp 26002 36,2744
faeOl
da092 .
o0k sin-cos
00000000000 zé.z‘
80000000000 9160l
0477963270 .
Tfea09e2fel
08ede Th6b51
Tfb02de5e3 1
0461304d9e2
TrheTe53el9
11406696847
Tecllaa%e25
16321a7e0bb
Te0e2e32047
la9cdSach26
Td33£0c9e80
1ef74bf204a
gZa 67debe
815ba651

7b0a9f8d79e



278d4debe5fe
T9be3844114
2bo 7509140
7847490948p
2ff31bddob3
76adf5e6512
340 12420¢1
T4efOebbfe0
38108bb57¢0
7T30baged58e
3e1T7ahe848p
71046d3dpk9
3PLLLLLLLLS
ted9ebalbly
4g§af3e1f13
6 2f96h561
52464448103
620dbe8b3d5
52827999fef
5a827999f¢f
620dbe8b342
52464d48r07
68491964561
4gbafdelfrl’
6ed9ebalbll
ALLLPLTLFLS
T401edcOn 75
36185a 00615
T847d90948p
2be750e9141
Tpa3751d22e
21201083262
TeOe2e32046
163ala7e0bb
783440605
Ob27eb5c616
80000000000
~-00000000005

783440605

-0b27eb5¢616
TeOe2e32045
-163ala7eOba
Toa3751d22e
-21201p83262
784739094 8a
-2be750e9144
ThOleheObT5
-36185aee6f5
6ed9eba 1612
-40000000003
8491964557
-406a13elf17
620dbe8p3d2
~-52464448107
5a827999fcb
~-5a827999fd2
2246dd48fo
~-0620dbe8b3d
kg6af3elfOf

A6



~-68491964564

A7

IPLLLLLLLLS
-6ed9ebal61k
3618528610
-T401e4¢0b77
2be 75089140
-7847d9094 8
2120fp8325e
-Tba375ld22¢
163ala7e0bb
-TeOe2e32047
Ob27eb50611
~Tr834ed0605
~0000000000%4
-80000000000
ed :
fasll 3el5 Jel>  Jel5 su 0 -> p.o.
£00 Tels  6el5 ad  c.r, = pho.
e00 3e¢01 511 sn set up 1 for p.o.
faal3 al2 001 lal2 1 file -> digit store
| £00 510 -lel5 =-8d  store 4 for p.o.
-001 002 al3  ba  ba 2 times
1600 3001 511 sn  set up J for p.o.
faall al2 001 lal2 i file -> digit store
£00 510 -4el5 -ad  store j for p.o..
-001 002 ald ba  ba 2 tines
-007 el5 002 ro  print i and § (punch)
faal6  -el2 11¢01 -el2 -ad rownd & to 2 dec, 200
-el2 5¢01  al7  =-em 18 a > 1007
£00 6601 Jel5 ad
£00 6001 %15 ad (x>t t t3
£00 ~ 6e01 5el5  ad
£00 -0 la20 cm forced
faal7 -el2 7601 511 -mr &, 2%/3)
511 001 511 bd  conv, 511
511 8¢01 511 sh ~ conv, no. 2"6
a20 ~001 <001  ~fi  file c, and clear
faal9 al2 001 lal2 f1  file = digit store
£00 510 -3e15 -ad  %10(dyy)= by (ty)



A18

-001 002 alg b&  bg 2 times
faa20: 0 - 4095m -001 ba k> e,
-el?2 cO01l b35 -cnh is a, > 0?
£00 Tel5 bel5 ad Col's => DP.0,
~004 Jel5 002 rO  print+a
£00 -0 b36 em  forced
fab35 £00 9¢01  6el5 ad () - p.o.
-005 - 3el5 002 ro print -8,
fab36 -001 oké alb ba ba L6 times
-002 Tel5 002 ' print c.r. and stop code
2e00 2e00 2e00 su 0 >k
12¢01 1e00 100 ad 14§ > j
£00 -0 a00 cm foreed
cd
faal2 f0o0 -0 0 em exit
511 le01 510 ex  Dby-b, -> 510
¢01 . le01 511 ex  0->b,-Db
511 2¢01 511 sn shift 511 (+4) bite
f00 . -0 al2 cm forced <> exit
facOl
da007 -0 0l -0
fe | 1c01 b, -by ext
00000000004 , 2001 L.2~uk
00000000022 3001 34,2k
fre LeOl X ext.
064 5c01 100,212
5¢ | 601 x
def 4096 0d Ob 7001 232/10k 50
da004 00000000006 8c01 6,27Wk
60000000000 9c01 (2

01 10001 1 , 23
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defl .1

fael5 | ;

da009 dk
0
0
0
0
0
0
ds
8e

fae02

ache02

fae03

acke0?

fael2

boa01’

14

L7

~4kp

11601 d.2°%0 sx072
12001 1.2

el5 c.r.

lels
2e15

3el5 t,

 lels t,

5el5 t

6el5 c.r, or (2

‘7915 Cole

8615 stop code
]ﬂm!tl‘
2e02 ti

3602;t3‘

| 59021m

803 ¥, .27
1603 Yo+ 2
2003 Yy - 276
3603 yyg , « 272

el2
} a 2 “12
k L ]

hgelﬂ
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APPENDIX B

- The following are the values of the antenna gain for the types of

entennas as listed in the headings,

I}

The constants used are:

K = 128,980
g€ =10

)
o= 2010 L € oo e

Fach table gives the value of the antenna gain for the li6 values of

3 as listed in the table of parameter variations, The values of 4 and f

are listed in the heading,

The first word of each table is an identity word, indicatine the value

of 4 and f as listed in the table of parameter variations, (Table II),

-Bla

UNCLASSIFIED



Be

TYPE C f =2 me

A=2 4 6 8 10 12 14 16 18 20

00000 01000 02000 03000 O4000 05000 06000 07000 08000 09000
491- 429-  390- 361~ 336- 315- 295- 276~ 259-  243-
479- 419~ 383~ 356-  332- 312~ 293~ 275~ 258- 2h2-
455-  400- 367~ 343~ 322~ 304~ 287~ 270- 254. 239-
4%2.  379-  349-.  327-  309- 293- 278~ 263- 249-  235-
412- 361~  332.  312- 296~ 282~ 268- 226- 243.  230-
396~  345-  317- 298~ 283~ 271- 259~ 247- 236~ 224
382-. 331~ 304~ 286- 272- 260- 249-. 239. 228- 218-
370- 319~ 293~  275- 26l1- 250- 240- 231. 221-. 212-
359.  309- 283~ 265~ 252- 241- 232. 223. 214.  206-
320- 300-  274- 2?6- 243, 233. 224.  215. 207~ 199-
3h2.  292-  265- 248. 236- 225- 217- 209- 201- 194.
335. 285~ 258-  241- 228- 218~ 210- 202- 195- 188-
328~ 278- 252~ 235- 222- 212- 204~ 196- 189- 183
322. 272~ 246- 229- 216~ 206~ 198- 191~ 184. 178-
317- 267- 241~ 223~ 211- 201- 193- 186~ 179- 173«
312- 262- 236- 219~ 206~ 196- 188~ 181~ 174- 168-
303~ 253~ 226~ 209- 196- 186~ 178- 171- 165~ 159-
296- 246- 219- 201- 188~ 178- 170- 163- 157- 151-
292- 241- 214-. 196~ 183- 173~ 165- 158~ 151~  146-
291- 240~ 212- 194- 181~ 170- 162~ 154.  148-  142-
292- 240~ 213~ 194~ 181- 170- 161~ 154~ 147~ 141-
296- 244. 216~ 197- 183~ 172~ 163~ 155-  149.  143-
303- 251- 222- 203~ 189~ 177- 168- 160- 153- 147
314-  261- 232- 212- 198- 186- 176~ 168- 161- 155-
328- 275- 245. 225- 210- 198- 188~ 180- 172- 166-
347~ 293~ 263~ 243. 227~ 215- 205~ 196- 188- 181-
372- 318~ 287- 267- 251- 238~ 227- 217- 209- 202-
ko5-  3H1-  320- 298- 282~ 268- 256- 246~ 237~ 229«
453.  397-  365-  343-  325. 311-  298- 287- 277~ 267-
532-. 476~ 442.  418.  298-  381- 365~ 351~ 337~  325-
697- 650- 635- 645- 699~ 739- 600~ 535- 489-  45h.
539-  U483.  453. h34. 421. H13. 408~ 4O7T- 409-  h416-
505-  449.  418- 397~  382-.  371-  363- 357- 354~ 352-
b97-  440- 408- 387- 371- 358-  349-  3h2. 336~ 333
503-  445.  413-. 391~ 37h- 361~  3H5l- 342~ 336~ 331~
521- 463- 430- 407- 390~ 376~ 365~ 355~  348.  341-
555~  496-  463-  439- 420~ 405~  393- 282- 73-  365=
622- 562- 527- H501l-  480- 463~  Li7. 3h. 21-  410-
T773- 724-  707- T15- 769~ 809- 669- 605- 561- 526
600- 543- B512- 491. 478~ 469~  465-  hok- 467~ 475
551-  493.  161-  439.  42h.  B13. 405~ 400~ 398-  398-
525-  466-  433. 411~  395.  383.  374. 368~ 364 362
508~ 450~ 416~  3Q4.  I7T7a 362- 356-  349-  344.  341.
98-  439.  406- 383-  367- 32 - 345.  337-  332. 329
493.  434.  Boo-  I78- 361~  348-  338-  331.  326- 322-
491- 432~  399- 376~ 3859~ 346~ 336~ 329~ 324.  320-



TYPE C f =2 me

A=22 24 26 28 30 32 34 36 38 4o

0a000 ObOOO 0e¢000 04000 0e000 Of000 10000 11000 12000 13000
228- 214. 200- 188~ 176~ 165- 155~ 148K. 136. 128-
227- 213~ 200~ 188~ 176~ 165~ 155~ 145- 136~ 128
225~ 212~ 199- 187~ 175~ 164~  154. 145. 1%6. 128
222- 209~ 197~ 185~ 174- 163~ 153~  144. 13/ 127
218~ 206- 194. 183~ 172~ 162- 152~ 143 135. 127w
213~  202- 191- 180- 170~ 160- 151~ 142~ 134. 126
208~ 198~ 187~ 177- 167- 158~ 149-.  141-. " 132- 125-
202- 193~ 183~  174. 165~ 156~ 147- 139~ 131. 12k
197- 188~  179- 171- 162~ 153~ 145.  137- 130~ 123-
191- 18%- 175~ 167- 159~ 151- 143- 13- 128 121-
186- 179- 171- 163~ 156~ 148- 141- 133~ 127- 120-
181- 174~ 167- 160- 152- 145-. 138. 131- 125~ 119
176- 169~ 163- 156~ 149-.  142- 136~ 129~ 123~ 117-
171-  165- 159~ 152~  146- 140~ 13%. 127~ 121- 116
167- 161- 155~  149-.  143. 137- 131- 125~ 120~ 114«
163- 1gg- 151- 146~ 140~ 134~ 129- 123- 118~ 113
133- 148- 143~ 138~  133- 128- 123~ 119~ 114. 110-
146« 141~ 136~ 132~ 127- 123- 119- 115- 111- 107-
141-  13%6- 131- 127- 123%- 119~ 115=- 112- 108- 105
137- 133~ 128~ 124~ 121- 117- 113~ 110~ 107- 10k«
1%6- 132- 127- 124~ 120- 117- 113~ 110- 108- 105-
138~ 133~ 129~ 125~ 122~ 118~ 115~ 112- 110- 107-
142~ 137- 133~  129- 126- 122- 119- 117- 1ll4~ 112
149-  144.  140- 136~ 132~ 129- 126~ 123~ 121~ 118-
160- 155- 150- 146~ 142- 139- 136- - 133- 130- 127-
175- ~ 170- 165~ 160~ 156- 152- 148- 142~ 139-
195- 189- 184- 178~ 17k~ 169- 165- 161~ 158- 15k
222- 215- 209- 20%- 197- 192- 187~ 182- 177~ 173-
258- 250- 242- 235. 228- 221- 215- 208- 203~ 197-
313~  301- 291- 280- 270- 261- 252- 243. 235. 227-
4oh.  398.  3IT6- 356- 338~  321- 306~ 292- 279- 267
427-  448. 4B4. §73. 560-  U460- H10- 375- 347-  325.
353. 356~ 362~ 371~ 385~ U405~ 440~ 514. 565~  4i1.
330- 330-  331-  334.  339-  347- 358- 374.  398.  439.
327- 324~ 323~ 323-. 325~ 328~ 334.  3h2.  3/53. 369
3%6-  332-  329- 327~  327-  327- 330~ 334~ 340~ 349.
358~  3/2-  347-  343. 3h1.  330.  339. 340~ Zh2.  3Y47-
400- 390- 382- 375~ 369~  36k- 360- 358~ 357~ 359
ho8.  475.  4ss. 438. 423 K11~ 400 92- 386~ 383
489 )11 50-  6h2- 633- 236- 491. 62- 441~ 427
4n1- N6- 14~ 426- 4 69- 08- 588- 646~ 530-
362- 364 368~ 375~  384.  396- 12-  435. 466~ 16
340~ 341. 343. 3UB8. 34, 362. 37h. 389.  408- 33=
327- 327~ 329~  332- 337~ 34h.  353.  365- 380~ 400-
320~ 320~ 321~ 323. 328 334  3h2.  353.  367-  384.
318~ 317~ 318~ 321- 325~  331. 339-. 350~ 363~ 379-



Bl

TYPE C f =2 me

A=l42 45 50 55 60 65 70 75 80 85

14000 15000 16000 17000 18000 19000 12000 1b000 1:e¢000 14000
120- 110- 096- 086- 079- 076- 076- 081- 089- 102-
120- 110- 096- 086~ 079- O76- 076- 081- 089- 102-
120- 110~ 096- 085- 079- O76- 0O76- 081- 089- 102-
120~ 110- 096~ 085~ 079- 076~ 076~ 081- 090- 103=
119- 109- 096~ 085- 079- 076~ 077- 081- 090~ 103
119- 109- . 095- 085~ 079- 076- O77- 081- 090- 103-
118. 108- 095- 085- 079- 076~ 0O77- 08l1- 090- 103
117- 108~ 095~ 085~ 079~ 076~ 077- 082- 090~ 103«
116- 107- 094~ 085- 079~ 076~ 077- 082- 090- 103-
115- 106~ 094~ 085- 079- 077- 078- 082- 091- 103-
114~  10%- 094~ 08%5-. 079~ 077- 078- 083- 091- 103-
113- 105- 093~ 085~ 079- 077- 078~ 08%- 091- 10k-
112« 104« 093- 085- 079- O77- 079~ 083« 092- 104
110- 103- 092- 085- 080- 078~ 079- 084. 092- 10k4-
109- 102- 092- 085- 080- 078- 080- 084~ 092- 104-
108- 101- 092- 085- 080- 079- 080- 085- 093~ 105-
105- 099~ 091~ 085~ 081- 080- 082- 086~ O094k. 10H-
103- 098~ 091- 086- 082- 082- 084~ 088- 096~ 106-
102-  097- 091~ 087- 084~ 084- 086- 090- 097- 107-
101- 098~ 092- 089- 087- 087- 089- 093- 099- 109-
103- 099- 095~ 091- 090- 090- 092- 096- 102- 110-
105- 102- 098- 095- 094~ 094 095~ 099~ 104~ 111
110- 107- 103- 100- 099- 098- 100- 102- 107- 113
116- 113~ 109- 106~ 104- 104- 104~ 106- 109- 11k-
125- 122- 117- 114~ 111~ 110- 110~ 110- 112- 116~
136- 133~ 127~ 123~ 120- 117- 116- 115~ 116~ 117-
151-  146- 140~ 134~ 129- 125- 122- 120~ 119- 119-
169- 163~  154.  147-  140- 134~ 129- 125~ 123. 121~
192- 184~ 172- 161~ 152- 144~  137- 131- 126- 123-
220- 209- 193~ 178~ 166~ 155- 145. 137~ 130~ 12K-
256~ 240~ 217- 198~ 181- 166- 15k~ 143.  134.  126-
305- 281- 247. 220- 198- 179- 163- 140-. 138. 128-
388-  338-  284- 246~ 216~ 192- 173- 156~ 1h2- 130-
546~  B45.  331. 275~ 236~ 207~ 182- 162~ 146- 132~
304. 476~ 401- 309~ 258. 221- 192- 169~ 150- 134~
363- 397~ 273- 50- 281- 236~ 202- 175~ 153- 135-
355  376a 78~ 00- 305~ 251- 212- 182- 157- 137~
362- 374 U432  U65- 330~ 266~ 222- 187~ 160~ 138-
382-. 386~ 423. K569- 354. 280- 230- 193- 163~ 139-
417- 411~ 430- 692- 377~ 293- 239- 198- 166~ 1h1-
486- b54~.  451. B9B~ 397~ 304~ 246~ 202- 168~ 142
632~ H50- 486- 601~ 413~  Blh.  2852. 206~ 170~ 142«
469- 570- 548- 6485~  425.  I22-. 257~ 209- 172~ 143
435-  482- 716~ 787- 432- 327- 260- 211~ 173~ 1h4.
406~ U452~ 623~ 720~ 436~  331.  262- 212- 17k~ 1h44.
400-  4h44. B90- 682~ 437~  ZZ2. 263~ 213~ 17~ 144.
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