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Introduction

This is a continuation of SSC-N-305. SSC-N-305 examined the effects of field strength
modulation, when the modulation frequency (fmoa) was equal to zero (i.e., current offset).
The objective of this study is to examine the effect of field strength modulation with
modulation frequencies other than zero. To this end, the tracking routine TEAPOT is
modified to simulate frequency modulation of the current output from the 10 main SSC
magnet power supplies. The amplitude (A4;) and phase (¢;) of the modulation for the
i*» power supply are chosen randomly. Effects of bore tube shielding! are included only
when studying 60 Hz modulation frequency. Bore tube shielding is due to the copper
coating on the bore tube walls. This coating modifies the amplitude and phase of the
modulation inside the bore tube. Figure la shows that the bore tube is more effective
at shielding the dipole field and it becomes most effective as the modulation frequency
increases. Modulation of the field strength is given by the expression:

AB

T = R(fmod) . A| . Sin(zﬂfmad + ¢i - ﬁbR(.fmod))

where R(fmod) and ¢r(fmod) are the amplitude reduction factor and the phase shift pro-
duced by the bore tube, respectively. For the particular thickness of copper coating and
bore tube radius used in this study, the quantities R{fmoa) and ¢5(fmoq) are shown graph-
ically in figure la and 1b, respectively. The amplitudes A; are chosen randomly using a
flat distribution between 0 and 10~*, and the phases ¢; are chosen randomly using a flat
distribution between 0 and 2x. This study deals with only one set of 4; and ¢; (i = 1,10).
The particular set used is shown in table 1.

Lattice Settings

As in the previous note (SSC-N-305), the SSC realistic lattice, with clustered-IR’s is
used. This lattice has a 60° phase advance per cell and is set up using collision optics.
Random errors are assigned to each dipole using a gaussian random number generator.
The rms width of the gaussian distribution for each of the multipole errors is given in
Table 2. The linear tune is adjusted using the correction quadrupoles in the primary arc
spool pieces (one focusing and one defocusing quadrupole per cell). The main quadrupole
strengths are fixed by the main power supply to which they are connected, and they are
modulated along with the main dipoles. For all of the results presented here the x-tune
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is set at 78.265 and the y-tune at 78.285. Chromaticity is adjusted using two families
of sextupoles located in the primary arc spool pieces. The x and y chromaticity is set to
zero. Horizontal and vertical motion is not decoupled in this analysis. However, a modified
version of TEAPOT is used which evaluates the 4 x 4 linear transfer matrix. Therefore
the effects of linear coupling can be calculated. Since there are no skew quadrupoles in the
sysiem and no solenoids in the IR’s, the coupling comes only from higher order multipole
feeddown.

Smear

The effect of field strength modulation on the smear is examined. In this study the
smenr is evaluated at one point in the lattice. It is assumed that if the observation point
is moved the smear is not changed . In order for this assumption to be valid, the closed
orbit (z.,2.,y.,y.) at the observation point must be known and its effect on the smear
must be removed. When the field strength of the magnets is modulated, the closed orbit
at the observation point is not a constant. The closed orbit is then a function of turn
number as is shown in figure 2a through 2d. Figures 2e through 2h show that the closed
orbit in the vertical plane is not affected by the modulation. To simplify the calculations
the modulation frequency (fmod) is chosen to be an n** of the revolution frequency (frey ).

n- fmod = ffeu

For the lattice and particle energy being considered here, the revolution frequency is 3614.5
Hz. The modulation frequencies is chosen so that n is equal to 5 and 60 (i.e., 722.9 Hz
and 60.24 Hz). In these cases, the modulation repeats itself every n turns. The closed
orbit correction to z,z',y,y’ is a constant, if the analysis is restricted to observing every
nt® turn while ignoring the intervening n — ! turns. The smear that is calculated using
every n** turn is valid only if the smear is independent of turn number chosen to start
the sequence. This point will be clarified at the end of this section. A modified version of
TEAPQT? is used to calculate the n-turn closed orbit and the n-turn 4 x 4 linear transfer
matrix T. The n-turn 4 x 4 linear transfer matrix, when operating on a state vector
(z,2',y,y'), transforms it into the state vector after n-turns. The matrix T allows the x-y
coupling, the eigentunes, and the smear in the eigendirection to be calculated. The x-y
coupling is evaluated using the method discussed in reference 3. The transfer matrix is
used to calculate how much the z,z',y,y' directions are tilted relative to the eigendirection
(designated as ¢ in ref. 3) for 722.9 Hz and 60.24 Hz modulation. For a particular seed
(1234567), the tilt increases with decreasing modulation frequency from ~ 7 mrad at 722.9
Hz to =~ 80 mrad at 60.24 Hz. The smear (S;) is defined as follows:

maz min
CATes 4T

Sz =2 A;naz + A;n.in

where

Wz :Az/ﬂz
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A, = \/.z2 + (azz + B:2')?

2= T Y~ VYe

d=d2 -2y -y
The expression for W,, when linear coupling is present, is given in reference 3, and it is-
used to calculate the smear in the eigendirections (u,v).

Figures 3a and 3b show the smear vs launch amplitude, without field strength mod-
ulation, in the horizontal and vertical plane, respectively. Here the launch amplitude is
a particular value (' = y' = 0) of z,z', and y,y’, which lie on the invariant ellipses
W, and W,, respectively. It is generally assumed that the smear is independent of the
particular intial point as long as it lies on the invariant ellipse. There are four curves in
each figure. Each curve represents a different distribution of random errors in the dipole
magnets. Figure 4a,b and 5a,b show how the smear varies with launch amplitude, when
the field strength is modulated by 722.9 Hz and 60.24 Hz, respectively. Comparison of
these figures indicates that modulation has little effect on the smear, when the launch
amplitude is less than W, = W, < 0.15 x 10™° meters (or 4, = 4, < 7.0 mm at G,y =
320 meters). This statement is quantified by defining the linear aperture as that launch
amplitude (4, or A, evaluated at § = 320 meters) for which the smear first reaches 30%,
in either the xx' or y,y' plane. Table 3 shows the linear aperture for each of the cases dis-
cussed above. Averaging these results for the different random seeds, shows that the linear
aperture gets slightly smaller as the modulation frequency is increased. In the worst case
with 722.9 Hz, the linear aperture is 6.4+0.5 mm, in comparison to 7.4+0.5 mm without
modulation. However, bore tube shielding is ignored in the case of 722.9 Hz modulation.
Figure 1 gives R(722.9Hz) = 0.10. Hence, if bore tube shielding is included, the effect on
the linear aperture would be greatly reduced. In the case of 60.24 Hz, where bore tube
shielding is included, the average linear aperture is 6.7+0.7 mm. For launch amplitudes
greater than W, = W, =~ 0.15 x 10~® meters, the smear in the horizontal direction is
noticeably increased by the modulation. Whereas, in the vertical direction the smear with
and without modulation are comparable. The large amplitude behavior is quantified by
defining a dynamic aperture. The dynamic aperture is the largest launch amplitude for
which the particle remains in the beam pipe for at least 500 turns. Table 3 shows the
dynamic aperture for each of the cases discussed above. The dynamic aperture in all cases
are comparable. There is only one case where the 722.9 Hz modulation shows a large
reduction in the dynamic aperture, but here again bore tube shielding should help in this
case.

Figure 6a,b show the smear vs launch amplitude, for 60 Hz modulation, in the u,v
eigendirections, respectively. Comparison of figures 6a,b with 5a,b show that the x-y cou-
pling increases the smear for launch amplitudes less than W, = W, < 0.15 x 10~ meters.
At this point, it is worth examining the assumption that the smear is independent of the
turn number. Figure 7a,b shows the u,x smear vs turn number for 60.24 Hz modulation,
with a particular random error seed (1234567). The smear is a function of which turn
number is chosen as the observation point or turn. As before, starting from the observa-
tion turn, every n'* turn is observed thereafter. The closed orbit and 4 x 4 linear n-turn
transfer matrix is calculated for the new observation point. However, the particle is still
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launched at turn zero with W, = W,. Therefore, the intial amplitude at the observation
point is not in general the launch amplitude. These results indicate that the turn by turn
smear is in general greater than the smear calculated using a particular intial turn then ev-
ery n'* turn thereafter. Figure 7a,b give an estimate of the increase to expect. Therefore,
the linear aperiure is somewhat smaller than what is shown in table 3. The 4 x 4 linear
n-turn transfer matrix is used to calculate the change in x-y coupling from turn to turn,
which is =~ 80 + 10 mrad, for the particular random error seed tested (1234567). It is not
clear what would happen if we tried to remove the coupling with the skewed quadrupoles
in the spool pieces. It seems apparent that it can not be totally removed since there is a
variation in the amount of x-y coupling from turn to turn.

Tune

The tune for a given launch amplitude is calculated using the tracking results from
TEAPOT. The x and y positions of the particle after every n turns are fourier analyzed.
The maximum fourier component (for each launch amplitude) is taken to be the tune
for that particular amplitude. The tune defined in this manner differs from the normal
single turn tune by a factor of n. Therefore, the normal single turn tune shift Av is
equal to a n-turn tune shift of n - Av. Figures 8a and 8b show the variation of tune
with launch amplitude without field strength modulation. Figures 9a,b and 10a,b show
the tune vs launch amplitude when the field strength modulation is 722.9 Hz and 60.24
Hz, respectively. comparison of the tunes with and without modulation confirms the
conclusion of SSC-N-305, which states that the tune variation should not be affected by
field strength modulation. It should be noted that for f,,,q = 60.24 Hz the tune spectrum
was not a sharp peak when the launch amplitude (W, = W, ) was greater than 0.10 x 10~°
meters. In a typical tune spectrum, without modulation, the peak would be about 4 db
above background. However, for 60.24 Hz modulation this was reduce to 2db at a launch
amplitude (W, = W,) of 0.20 x 107° meters. Also, the peak was broader for 60.24 Hz
modulation. Since this anomalous behavior only occur at very large amplitudes it should
not create a problem.

One interesting result occurred when examining a particular random seed (7654321)
with 60.24 Hz modulation. When the x and y tunes were 78.265 and 78.285, it is found
from the 4 x 4 linear n-turn transfer matrix that the eigentunes do not lie on the unit circle.
The eigentunes in complex space look mmilar to Fig. 2d in Courant and Snyder page 31
(ANNALS OF PHYSICS: 3, 1-48 (1958)). Courant and Snyder state, "that this behavior
cannot arise without coupling, and represents a type of instability that is generated only by
the coupling.” However, when the x tune is changed by +0.0002 the instability disappeared.
No long-term tracking was done to examine what would happen to a particle due to this
instability. For this particular random seed, the linear horizontal tune is set to 78.2652, in
this analysis (figures 5a and 10a) instead of 78.265.



Conclusions

There is no evidence that field strength modulation (‘%3—) at the 10~ level causes any
real reduction in either the linear or dynamic aperture. Nor does changing the distribution
of random errors in the dipole magnets (i.e., random seed). It should be noted that this
conclusion is based on a single set of A; and ¢; (i = 1,10). The fact that the smear (for
slow modulation frequencies) is a function of turn number could effect this conclusion and
may need to be examined more closely. However, this effect may be an artifact of how the
launch amplitude is defined.

Field strength modulation produces x-y coupling. The amount of coupling depends on
the modulation frequency. The slower the modulation frequency the stronger the coupling.
In the case of 60.24 Hz modulation the strength of the coupling is different for each turn,
repeating every 60 turns. This may contribute to the variation of the smear with turn
number.

The closed orbit deviation due to field sirength modulation is a simple sine wave:

. 2w
zcsin( — + x)

where z. is either z. or z., n, is the turn number and x is an arbitrary phase angle.
This simple behavior is somewhat unexpected since A; and ¢; are randomly chosen. It
may be interesting to examine the closed orbit for different sets of A;’s and ¢;’s. Figure
2a through 2d indicate the maximum deviation in the cdosed orbit z, is independent of
modulation frequency, whereas the maximum deviation in the closed orbit z!, is larger for
slower frequencies.

The tune variation with launch amplitude, within the linear aperture, is not aﬂ'ected
by the field strength modulation for any of the cases studied here.



Power
Sector Supply Phase Amplitude
1 é; (rad) A; (1074)
ARC 1 3.453 0.6547
ARC 2 2.781 0.9951
ARC 3 4.620 0.2209
ARC 4 4.086 0.8202
ARC 5 1.578 0.9010
ARC 6 4.716 0.2081
ARC 7 2.589 0.6725
ARC 8 2.364 0.1535
LOW g 9 1.524 0.1159
MEDIUM 5 10 2.346 0.5831

Table 1: The particular set of phase angles (¢;) and amplitudes (4;) given to the i** power
supply. The set was chosen using a random number generator which generated random
numbers between 0 and 27 for ¢; and 0 and 10~ for 4;.

n ay by
1074 em™ 10~% em™

0 0.0000 0.000
i 0.0000 0.000
2 0.6100 0.400*
3 0.6900 0.350
4 0.1400 0.590
5 0.1600 0.059
6 0.0340 0.075
7 0.0300 0.016
8 0.0064 0.021
9 0.0056 0.003

Table 2: Random errors are assigned to each dipole using a gaussian random number generator.
The sigma associated with the gaussian distribution for each of the multipole errors
(8n,bn) is shown. The following expression define these errors:

(LBy +iLB.) = BoL + BoL ) (b, + ian)(z + iy)"



Linear Dynamic
Random seed frmod Aperture Aperture
Hz mm mm
1234567 0.00 7.5 9.5700
60.24 7.7 9.6103
722.90 6.1 7.2%08
7654321 0.00 7.9 10.67 0%
60.24 6.2 9.3;§;§
722.90 7.0 9.8%0
6543217 0.00 6.8 9.81(,810g
60.24 6.4 9.8702
722.90 6.1 8.91%°%
5432176 0.00 7.0 8.970%0
60.24 6.5 9.810
722.90 6.2 8.9%00
Average 0.00 7.310.5 10,0 £ 0.8
60.24 6.740.7 10.0 + 0.8
722.90 6.4+0.5 9.0 + 1.2

Table 3: The linear and dynamic aperture is tabulated for various modulation frequencies and
random error distributions (random seeds). The final column shows the average effect
of the different different random seeds at the three modulation frequencies studied.



*buiptays
aqmy a40q AqQ paonpoud “sajodnupenb
pue safodip 7SS 94yj UL “Aouanbady
uorjenpou ayl sA 1 Jrys aseyd ayj :q[ aInbi4

(ZHy P4
O0v 00c

—-—_ﬁ_-_u_J__-

G009

O

O

Qc

aTodnupenpg

Ot

g9

08

(8]
“burpratys aqna aJoq Ag pasned

*sajodnJapenb pue sajodip OG5S ay3
ur “Aousnbadj uOTIR[NPOW BYY SA
Jol9oeJ uoT1oNpad apnitjdwe ayj :ef aunbr

(zH) 7y
¢09 ooV ¢0c O
T 1 1T T 1 1T 1T 1T | F T F 1 OIO
_ _ _
a10d1(] ]
— G0
® 1
mm . aTodnupenp
— 0°1
1 1 _ L1 1 1 — 11 .1 1 1 1

"4 o



"UOT3DUng auUls e 03

squtod eaep G aya Jo 11§ @ ST auif

pajop ay] -uorjenpow yibua.tas

P19y ZH 6°CCZ YaTA Joqunu uuny
SA (°X) UOT1RIAAP 1140 PAsO[] :qg aJnbi

d3WNN Nanl
G 14 £ C ! ¢

____-___ﬁ_______—-___—_ﬂ-—-

_—___-——_w__—-_w_—______—___l

(61

(PRI} 11840 03S013 «X

"UoT3IUNJ BUTS R 03

sautod eaep G aYy1 Jo a1y e ST aI]

pajop 8y] ‘uotiernpow yybus.dys

PT3TJ ZH B°cC/Z YatM Jaqunu udny
SA (°X) uoljRIASp 3Iq40 paso[] eg sJunbi4

d3GWNN Nanl
G 14 £ C ! G

__—_-__-_________-____-_____

.___-—_——-__—__—_—_—_-____m_—

© 5
(WA) 11880 03s010 X !

o
o



UoLI3ouUnj suis © 0y

saurod piep Qg 9ya Jo 114 @ SI BULY

pajop ay) -uotrjelnpow yibuauys

PT1214 ZH +2°09 YI11m Joqunu uany
SA (.°X) UDIIRIAIP 31440 pasO]]) :pg aanbi 4

H3GWNN NJNL
09 O 02 0

T _ | e S _ | B S | 4 T T T _ T
- i
A
- &, 3
- +*
* -+
b — - + R —
-+ +
| + + -
. ¥
- +‘ .ﬁ.. —
- * F .
f +* "
+ * .
| s ¥ 1
,, : =
-, ’ .A
1 . :
- + ; ’
+ * + .4
j— + .... —
. + £
- + . ]
. . :
. + ..H -]
* ¥
- e
+++++.’*
- 4
1 _ L1 1 1 _ 111 .L I DS I | _ |

(en

"U0T3IUNG BULS B 0]

sautod eiep Q0 3yl JO AL4 € St aur]

(PRJM) L1840 Q3S01D «X

pajop ay| -“uornyernpow yjbusuis
PT9L4 ZH #C 00 YITM Jagqunu uangy

$A (°X) UOTIRIASD JLqJe pasof]) :ag oJnbi

dIGWNN NaN 1

— | L LI ~ T 171 1 1_ T T 1 _ T
= -
B T
— —

.-.n-.\--.h..‘-
+ +
- ++ u-.u-‘ L
* + .
+ + .

+ + O
i ¥ * +

: + ¥
Vv.. + +
- k¢ S
. »-. .+

+ .W
r— 1* |J
*
- . -
‘-
- ..m' -
-+
- * - -]
+ +
t, .W
— -1
» |_
1 — | S | 1 1 \— i | 1 | —! i

S 2
(W) L1840 Q35010 X

<
o



G

“uorieynpow yars
.24 ut abupyo arqesriou ou
ou s1 aday] -uorjejnpow yibua.uas

PT1214 ZH 6°CC/Z YA Joqunu uJsny
SA (.°A) uoT1RTAGP 31QJO POsSO[) iyg AJINDL 4

dIGWNN NdNL

14 €

C 1 0

—

-——_—_

ﬁ_-_____-__u__-—__-______

_—-_—hh-

(10

(PRJUM) 11840 03S013 <A

‘'uotje[Npow YyiiMm
°& ur abueys sjqeoIlou ou

ou ST aJay| -uoriefnpouw yibuadas
PTI] ZH B°CCZ YA Jaqunu udny

$A (°K) UOTIRLIAGP 3IQJO PasSO[]) 92 aJ4nbiq

HIGWNN NdN L
S 14 £ c ! 0

1 LI --ag-_-—_-—- —-_____

—

-_n____._____-__-_—Fb-_h__-_—

o
i

(WN') 118480 035070 A

Q
o



SUCLLRTNAPOW YJTA

A ur sbueys ajqesriou ou

ou $1 aJay] -uorjejnpow yibuaays

PI314 ZH $S° 09 Yaima Jaqunu udniy
sA 74y UoTIRIAAP 1QJ0 POBSO]) iy aJdnbi

AJGWNN NadilL
09 Gv Gc O

o

dl_.|_l_______._...._

(cl

)

(peJn) L1840 03S013 A

. yorie[npow yiim
2k urt abueys ajqesijou ou
ou s1 auaxy] ‘uorie[npow yrbuaugs
PI3T4 ZH P 00 YITM 43qunu udnjy

sA [74) uorjRiAsp 3IqJ0 paso[) :bg sunbiy

HIGWNN NNl

i

09 Ov Gc 0

—q_‘_ﬁﬁﬂ—*_—Jﬁ_JA

T -
_l

|

- R R R R R R R ——
T

B

_.—_.LL__LF_—u_Lu__

© B
(wr) L1880 d3S010 A !

Q
O



~uo1jejnpou yibusuys p[aty
1noyatm opnatfdue youne] sa auejd
[ea131J9A 8yl UL KRows d8Y| :qg aJnbi 4

(W 4 0D “M HONNVT

€n

-uotriefnpow yirbuadis pIaty
anoyita apmijdwe yauneyl sa euetd

[RIUOZTIJOY 8yl Ul Jeaws ay| :eg asuanbi4

(W 5 01y “M HONNVT

¥ 0 £°0 c |4 G +°0 £°0 'O | X4 G
i 1T 7 1 _ LI — I 1 7 1 _ 1T 171 | l_ T F 1 _ 1T 11 — | L LI _l
||. ] I e - ! —_
- - - m\\ .... . + _
| - = ..a + |
i ﬁ. s 1 F ; o -
- ) N — — I N -

| m : m
| | m ) m_|
o ! & 4 A
" ! - - _

. Q/ITEYG+ 9/IZEVG+
i ! IgErS3e | T LIZEPGTo ]
_ ﬁ 12eveas/a | L 12EPGO/n
. £9G¥ETT0 £9G¥ET10
B { poog JOJJT Uopuey p29Sg JoJJdT] uopuvy |
I : NOILVINGoOW | | NOILVINADW
¢ HI9N3HLS 01314 ON HLON3Y1S 01314 ON

—__F____——___-__—__

_____—_-__________.

0 0

G0

G°1

G'1

¢°c



.0l X G0 = §/8V abessae pue
AausnbaJ J uotrie[npow zZH 6°¢C/

e yatm apnirjduc youne] sa aueid
[e2TaJ3A aY) UL WS dY| :qp aanbi 4

(W o 0D “M HONNVT

(¥T)
.01 X G*0 = 8/9v ebeJsase pue

Asuanbsdy uotiefnpol ZH 62/
e yiytm apnirjdwe youner sa suejd

TR@IUOZIJOY BY) UT Jeaws ay] o4 danbiq

(W 5 OT) “M HONNY

70 £0 20 "0 0 v €0 2 0 "0 0
T ¥ T 1 _ 1 I T 1 _ 1 T I 1 _ 1 I 1 ] T T T 1 _ T © 1 —J L _ 1 1T 1

i g 1 L 1

i o i L i

B A 1 L n” i

[ +... .... — — —

- / 1 F - .

" , 1 L I’ i

: ; {1 L s i
o o w

B =X A B =<
im m

| LN [ m_|

- L2 4 F A

H Q/ICcErG+ | ] Q/lceErg+ A

ZICEPGge B L1ICE¥Gge T

- _ eevso/o | ICEFGO/D

i £95¥EClo £95¥EC10 |
poag JOoJug uopuey paag JoJddJdq] uopuey

H butptioys aqny aJdoq pN | [ buipTtays agqna adJoq Dzu

i zH 6'cesL =" | | ZH Bees = P9

| S | 1 _ [ | 1 1 _ L1 1 1 — | 1 I ] | i L 11 _ 111 _ 11 1 1 _ i1 .1 ]

00

G0

071

G°1

0°c



(GT)

",.GL X G°0 = §/8v ebe.esc pue "y-01 X §°0 = 8/89V sbeusae pue
douanbad j uoriernpow ZYH ¥2°09 Aouanbadgy uotimInpow IH 7 09
e ya1m apnaTTdur youney sa aueld e yars apmrjdwe younel sa auerd
[RAUCZTJIOY 64 ULl JedsWws oy] 4G mLDmvﬁl._ TeAIUDZTJOY Byl Ul JeoNs ¢4] eg w;:m_au_
(W 5.01) M HONNV (W 5 01 *M HONNYT
VG €0 c @ 1o O ¥0 €0 ¢ 0 | §¢ 0 .
________-______-___ _-_____-___________OO
R 4 L
— G0
. w1 T
- _.Mu_ - -
— > 01
- H — freer
-
I ageers+ || 9/1eEvS+ |
: LIEEYG9o L1EE¥GQ0
. ) leeysoso 4 b IZEPSS/0 4
: £9SYESTo £asreeio | .
[ pa8g JoJJ3 uopuey posg JOJJJ uopuey
i butprteys:aqna aJoq H1IM | | butpTTays agny 8Joq HIIA |
i CZH pEog =Py ] [ ZH ¥209 = MYy
. + 1 L i
| 1 1 1 _ 1 1 L1 _ 1 ] 1 1 — 1 | T | i L1 1 I — il .1 1 _ L1 1 1 _ Ll 1 1 OIW




Q1)

"-0l X §°0 = 8/8V ebruesr pue +-01 X G'0 = 8/9v ebruese pue
Aouanbady uoriornpow 2y $2°09 fouanbauy uotaRinpow IH $+Z°09
R Yi1M apnmitjdwe yaunef sa @ y1TM Ipnarrdue youne] sA
uotavedrpuebie A eya ur ueews ey :qg eJunbI uotaceJdtpuebre ) eya ul Jeews ey) ieg eunbig
(W 500 A HONNY W 5. 0T) "M HONNY T
¥°0 £ 0 cQ [ ¢ ¢ ¢¥0 £ 0 c O | X o .
1 _|_ T 1T 1 1 LI _ T 1 1 ‘ O O
N o.\@@\\\\%‘\@\b _
a R 1
R
b4
- o’ ] .
— S G0
— <& -
" o
~ m -
| v 01
| U
-
T - = -
_ QLICEFS+ | i 9/lcErS+
. ZIEERG9 ¢ £1eE¥Sae
- : TeEPSa/o0 o L I2EYSO/0 A
| : £DGYECIo £95¥€clo G
peag JOJJ3] uopury poe9g JOoJJ] uopuey
i butprteys:-eqny edoq HITM | | butpytays eqna ad4oq HiIA |
i ‘ZH 209 =My ] [ ZH $2°09 = ™Yy
" +
1 T )
.”-_—’_-mL_-L’_-.—_-- ___LI__.-—____-—__L_AV!N




-uoTjenpow yibuasuas pjoiy
ZH 09 Yite Jaqunu uJany sSA
UOT100JIp-X aYy} Ul Jeaduws ayj :q7 aunbiy

d3gWNN Ndnl
Ot

W, 01 X GO0 +
W o 0T X OI°0 x
w01 X ST'0 o
w0l X 0270 o
F0NLITdWY HONNY T

(£1)

1

<
Y
dVIWS X

419

Ov

G

~uoriernpow Yibusuis p1aij
ZH $C 00 YIIM JOQUNU UJNY SA

d4WNAN Nanl

09 av 0c

uory2aJ1pusbra- aya utl Jesus ayj ey aJnbig

“w oI X 500+
" 0l X OT'C x
", 0l XGTCe
w0l X 0c 0o

IANLI 1KY HONNVYY

—_—_____F

O
_—_-d__

h______

o)
—

=)
§Y
d¥3IWS N

0E

Ov

06



¥a

"uotjeTnpow yibuauys
pratj 1noyitm apnitjdwe younej sa

(W 401 ‘A HONNVT

10

UQTA00JIp [ROTAJeA BYL UT BUNL oY) :g8 ednbi4

8N

~uotiernpow Yjbusadajgs

pIa14 1IN0y 1M spnirfdwe youne] SA
UOTA08JIP [RIUCZIJUOY OYs UT BUNY €y) ieg eunbi4

Y

m.o N.o,
_.___n_.__,___

-__|__-|-I

prd
O
—
—
«« O

9LICEPS+

FA oty 42100
IcEyS9/o
£95¥ECTO

J3 uopuRy T

:

-

SL{C8L

d8e'8s

06284

S6C8s

(W 4 0T) “R HINNY

T -
_ ’. / i
. f.. -
| ... .6\ .4
-/ ofEte: —
- K4 mmm%mnn -
PN £9GFERTO
- Pasg J0JJg uopuRy
- NOILVYI1NJOW -

HLION3dLS 01314 024

S5¢°8L

(9¢'8L

c'8L

0s28L

_-u_—--___-—__—-

Gle8s



'(,. X QI = 9/aV 61 ", X OI = 8/6V

obeusar) uotgeynpow yjbuseujgs ebeusar) uoryernpow yjbuedss

pratjd 4314 apnatjdue youner p1314 Yy3im apngirdwe yoauney

$A UOL10aJ1p Teorldaa 9yl Ul SA UOL39aJip Teluoztidoy ayl ut
(UdND .tm hJoro JOJ) eum ey | 48 @Lauu (UJdMm .ﬁD fJoap JoJ) eunl ey] eH 0:_:@.”“_

A
(W 5 07 "M HONNY (W 5. OT) “M HONNV
ra £0 c O 10 G I €0 co ro 0
________J__4__—___4mhmam_____4_.__.______ﬁ__mhm.l5m

j — - —

0a¥1e8E [— C0E"IBE

. CZFIGE |— GCE"IBE

5 i | _

i ] _ _

| Q/12E4G+ | 0/12E 4G+ _|
£igErsns OSv7IBE /T2EpGDe | BEETEE

— cevG9/o0 - = [eEvG9/n
Z9GbEeTo Z9GKECIO |

- Pees JOJJT UOpURY - - P95 JOJJJ UOPURY T

1
I

. oEEEcw mn:p 8J0q buipfreys aqny aJoq
_ ZH 6°cc/ = _xD_z ZH B6°ccs = b_ﬂl

_-_-—-_—-_-—__—-__— E.‘-ﬁam -F.—-—.-T-P—.--Eﬁl—g

Il
!




(- X QI = 8/8v

ebrJsar) uotgenpow yibuedss
pP1at4 Wyaim apnitdwe younar

SA WOA23JIp TeITIJIA Yl Ut

(QC)

(Udna .09 Adese Jog) aund ey) 2qQT eunbr

W o 01 *A HONNVT

o £0 c 0 10 0
1T 1 _ T T _ YT T 1 _ T 1705969
.. N
B : .
= \ -
L _ i
— . —< —5, 969y
| & - 4
| AY c
i v < |
- + %, i
— + T —ooze9v
B N
— —iSC /069F¥
n O/ICEPSH
LIcErS0e
- [cEPGl/0 -
i peag JoJJd3] uopuery _
B butpTiays aqni sdoq :__L.z |
i (ZH) +¥c°0Q = J
I 1 1 — i 1 ] 1 _ 1 1 1 1 _ b 1 1 [

1. X C1 = g/8V

ebrJeAr) uotyejnpow yYyzbusazs
PT214 yaim apnjiyduk youney
$A UOLIZBJIP JRIUOZIJOY 3yl ul

(UJn3 0D AJBAe Jag) Buny eyl QT ednbiy

(W 5 O1) *M HONNV

LAY €0 c0 0 0
LR L _ | — LI _ LILIBLEL

T -

e —QG"G09¥
- V_A .

o — -

. n —

=z

B m o

— SL°G00F
N . e

. P \ﬂll -

- a : —00°96G¥
I / )

n / -

i _, |

- | s -

| ! FIEEENS  lczosor
- ; Z9S¥Ecio |

i peeg: 4044 uopuey |

I butpyteys dqnay edoq H LA

i (ZH) +S°09 = "7 J

1 L1 1 — 1 L1 L ﬂl— L1 [ — L 11 ¢t

04°900Y



References

1} R.E.Shafer, NAL Report TM-991, ,September 22,1980)
2) Code developed and written by Eteine Forest (LBL) (1987)
3} D.A.Edwards and L.C.Teng, IEEE Trans NS-20, p.885 (1973)

21






