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| SPARK GAP. TRIGGER AMPLIFIER WITH
' 1-msec RECOVERY TIME '

C. C. Lo
Lawr ence Radiation Laboratory

- University of California
Berkeley, California 94720

'ABSTRACT

A spark-gap tr1gger amphﬁer w1th 1-msec recovery time has
been deve10ped for exper1ments u81ng Spark cha.rnbers with- fast recov-
ery t1me. " The system utilizes a spark gap operatlng under the ambient |
pressure as the high- current fast sw1tch1ng element and is entirely self-

contalned The system is capable of operating at 1 kHz for 1 sec burst,

or 400 Hz cqntmuously.
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INTRODUCTION

Advances in the state of the art of spark chamber de51gn, such as

- wire spark chambers and low- energy chambers, have reduced the recov-

ery time of the cha.znbers to 1 msec. A spark chamber usually is dr1ven |
by an energy storage element often a capacitor, and a high-current

switch, often a Spark gap or in some cases a hydrogen thyratron. To trig-

| ger a Spark gap a trigger pulse of- a few kV is needed To preserve the

efflclency of the spark chambers, a short delay between the sc1nt111ator
and the .ou'tpiit of the pulse amplifier, is required. Since spark chambers _ |
have. been operated with 1 msec dead tune, a compatlble pulse amphﬁer

is needed to complete the chain of operation.

DESIGN OBJECTIVES
Since the previous spark- gap trigger amp11f1er has been operating :
very successfully and serv1ng its purposes well, the design cr1ter1a have
been generally the same. However, the follow1ng objectives have been
added:
Dead ttme of 1 msec between pulses.

b. A prote‘ctive system to prevent almost all damage"chat might be
caused inadvertently.

c. A System for recharging the spark gap in 20 psec or less

d. A Spark gap that requires the least time to recover w1th the -

_ least amount of air flushing. |
e. Output:‘ energy per puise of 100 mJ or more.

f. The possibility of future increase energy by a factor of 2.
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'SEQUENCE OF OPERATION

Figuure 1 is a block diagram of the entire system. The main am-
‘plifier consists ef the preamplifier and the spark gep. A —0.5-V trigger
pulse goes into the trigger 1nput of the preamphﬁer 19 nsec later a —8- kV
pulse goes to the trigger electrode of the spark gap Another 16 nsec later,
the megawatt output pulse appears across the output connectors. Part of
the outpdt 'e'n:’e.r».gy is used to.trigger the timing clrcﬁlt, 'which provides the |
preset dead-,tirﬁe'of 1 r'nsee,. 25 iﬁééé, er 10 msec,‘ "a_fger'_which driving |
pulses are fed to the SCR charging circuit, ,rechargihg the sperk gep so
that it is ready for another.cycle of operetion The protectiye cireuit keeps
count of the pulsing rate of the spark gap as well as the dry-air flushing
pressure to determine whether operation of the system is within safe 11m1t'

The rest of the blocks are power supplies of the system.

THE PRE_AM.PLIFIER

The trigger arxiplifier shown in. Fi’g.l 2 em‘ploys"‘one avalanche trene A
sistor, four silicon-contr@lled rectifiers (SCR's), a‘nd-ohe plan-avvr triodelto
amplify the —0.50-V trigger pulse to a —8-kV pulse to tr1gger the spark-
gap wh1ch is the final stage of the amp11f1er

One selected avalanche transistor (Motorola type 2N2222) is used
as the input stage. The transistor is selected to run safely at 1 mA bias.'_.- :
Operating bias current is 300 pA. The delay of this»’_stage is about 2 nsec.
The amplified output pulse é,mplitude is approxirrlately 200 V, with a rise'
time of about 1 nsec. | o )

A 1'.0:1 transformer is used to eouple the a‘,mplifi_ed trigger signal

to the following SER stage. The transformer provides four separatei »
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Qindings driving the four SCR's, which are connected in weries. Four
1 -MR re._si's;co.frs are used to form a voltage—équalizing network fér the
SCR string to insure that each SCR has the same voltage across it; 500 V |
is aPplied a;ﬁrdss thé SCR string. The delay of this stage is less than 7
nsec,’ahdl.th'e rise'tiﬁie, driv;ing the,"c‘a‘thc.)de_ of the ML8538, is 10 nsec.
The SCR's wére_ selected with the system described in the appendix.

A Maéﬁlett-type ML8538 is used in this stage. The grid is

groﬁnded to provide shielding from thé spark gap. The cathode is con-

nected to the anode of the first SCR through a dc decoupling capacitor.

When the SCR 'string is turned on, a negative pulse is imposed across
the. cathodév,and groﬁnd, rha.king the tube turn on. The plate voltage falks
by 10% to 90% in about 10 nsec, driving the coi‘ona»ia;rnp and triggei' elec-
trode of thé spark gap. | |

| After more than 108 pﬁlées, the leakage cﬁrréht of. fhe tube hasv in-
c.rease'd from a few pA to 100pA The leakage current acrdss the tube
(with the filament off) is a good measure of the condition of the tube. The
188 pulses W¢re obtained b_y pulsing the tube at 460 Hz, 41 sec on and 1 sec
off, driving the spark gap, with 8 kV anode voltage on the tube. It wgs
6
pulses. The life of a tube for this application is considered to reach the |
end when the‘power dissipation of the tube exceeds 4 W. Wifh a plate
load resistor of 2 MR, this means an 800-V drop {40%) in anode voltage.

The increase in leakage current is believed to be due to the sputtering of _

' cathode material onto the internal structure of the tube every time it is

pulsed.
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SPARK GAP

The spafk'gep used in this oulser has a posi‘t‘i'v_e and a negative elee-__
trode, _and fhe Atrig'ger electrode is located midway bet'ween.the two main
electrodes_.’..' The trigge.r_ electrode normally is grounded through the 20-kf2
redistor. W‘hen the nevgative 8-kV pulse pulls the'tlri'gge'r electrode ciown
to a negative potential, the positivve eleetrode arc-s oi‘r:evr to the trigger elec-
trode, pulling it up to po'siti;re 5 kV; it then afcs overi to the v‘niega.ti've 5kkV
electrode, conﬁpleting the circuits. | The operating dc‘ potential is 10 kV;
however, the two storage caﬁaeitors do lose their cha;rg"e.s when the spark

gap is closing and the spark gap,' just like any other switch, has it resis-

tance. As a result the peak aniplitude of the output pulse is approximately' |

8 kV, with.R equal to 50 Q. A plot of output pulse amphtude vs load re-
51stance is g1ven in Fig. 3. |

The corona lamp is aimed at fhe trigger elecfrode, and phoeons
‘are emitted from the corona 'larhp wﬁen it fAirers at about 1 kV. Photoelee- _
trons are knocked off from the potentially negat1ve g01ng tr1gger electrode;
and then an avalanche of electrons follows, br1dg1ng the tr1gger electrode
and the p051t1ve electrode, and hence the negative electrode - This process
helps the spark gap to break down with shorter delay and jitter time. 1

The main electrode of the spark gap are shaped like bullets with the
round end faced down to a flat tip. The trigger elecfrode is like a screw- '.
driver with fhe tap-ered end flaftened out and grooved on the sides. See
Fig. 4 for detail. The grooves on the trigger electrode have no effect on
the spark gap operation; howe\'rer, the sharp edges .o'f the grooves ensure
that sparks will jump across the surface area of fh_e electrodes evenly,

thus avoiding hot spots due to minor misalignment of the spark gap. The
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flat surfaces of the main electrodes are used to provide more conducting
area than a round electrode, thus helping to prolong the life of the spark
gap. 'Under a 1-sec on, 2-sec off 400-Hz burst operating condition, the

rise time of the biitpu’t'pul'se increased to 20 nsec after 103 pulses. The

‘gap spacing and the dead time required under various conditions are given

on Table 1,

The ope'ra;ting repetition rate ‘and the off time in between bursts have
effects oﬁ the life of the'sI‘)ark gé.p. At lower repétiﬁon fates and longer
pauses betwee‘n bursté, the éieétrodes have more time fo cool o'ff; hence
a longer life of the spark gap can be expected.

The éir: flushing has three functions. It carries the particles away
from the spark gap aréa, hélps to cool off the electrodes faster, and helpé
to expel oioné from the spark gap chamber. The spark gap, with air |
flushing, operating at less than 10 pulses per second, .is expected to last
bejrond 109 pulses. | N

The s_éark gap is entirely enclosed iinva géstighf chamber (see Fig. 5).
Air flushin.g is provided by one inlet and two outlets. The small hole at the
end of the inlet tubing creates a jet-action air stream blowing at the spark’
gap. The high-speed air stream is quite effective in deionizing the gap.

| The spark gap chamber can be regarded as hydrogen safe, because
of the slighflf_ pressurized atmosphere insicie the chamber and because oti'v
its gastight characteristic.

A ._250'7-9 load is built into the chamber. Thus without any external

load, the outﬁut pulse has a decay-ﬁme constant of 625 nsec. The 250-Q2

lead is made out of eight resistor strings all connected in parallel.
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After the spark gap has been friggeréd;v part of the output signal
is picked off from the internal resistance load and fed to a delay circuit.
v Either 10 msec, 2.5 fnsec, oi‘ 1 mslec aﬁer&ards (depending on the dead-
time settihg) the spark‘ gap iéi charged up agaih and ready for andther
.cycle. The t1me between the initial tr1gger pulse at the 1nput of the pre-
amphﬁer and the output pulse at thé output connectors is apprommately
35 nsec. F1gu‘re 6 shows_ the time relation of the trigger and output- v

pulses.

TIMING AND SCR DRIVING CIRCUIT
The trigger pulse picked off from the spark gé.p is a negativé pulse, |
hence an inverting transformer is uséd to prc;vide .a positive pulse to
trigger>thev fir‘fiing éircﬁit. A one-shot multivibrator i.s used to delay the
trigger signalb for the dead iixne >se1ecte'd Which thén triggers another
one-shot mu1t1v1brator, prov1d1ng a 18- psec pulse wh1ch is a:nphﬁed and
fed to SCR:l through a2:1 stepdown transformer " The delayed tr1gger
signal is also used to trigger another one- shot mu1t1v1brator which pro-v
vides a fuvrther 40-psec delay for the trigger s1gnal,i which then triggers ..
a one-shot rhultivibrator providing a 10-psec pulse that is amplifiéd and
fed to SC‘R2 through a 2:1 stepdown transformer. The amplitude of the
pulses driving into the SCR's is 6 V. The positive 20-V supply to this
circuit goes through the pressure switch. For thé 1-msec and 2.5-msec
dead-time setting air pressure has to be present to activate thé switch
connecting the 20-V suiaply to this c;ircuit. The operating current fhr

‘this circuit is approximately 100 mA. See Fig. 7.
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CHARGING CIRCUIT
Two SCR's are used as two sw1tches in this c1rcu1t (see F1g 8).
The first SCR is connected between the dc power Supp‘l’y and a choke that
is .connect\e_d 1n series with the capacitor, C
v Wheu the. drivirxg signai from the timirig circuif goes to SCR, , the

SCR turns an and begms to charge up C By the end of th1s chargmg

' phase, the voltage across <C is tw1ce that of the dc power supply, 2

hence SCR be1ng back-blased, turns off. The tlme required to charge

'1’ v
up C, is -given’by the expression t = ww XLT(%- The period of this cycle has
been cho sen to fall into the best operating region of'the SCR used. The

peak current through SCR is about 105 A1, with L approx1mate1y 7 p.H

1

the half- sine-wave current pulse has a base width of 30 usec However,

40,p.sec is as31gned to the f1rst charg1ng period, Forty psec after SCR,1
is turned 611, " SCR2 is activated, discharging (lil'i ihte _.the prirnary of the
resonant charging transformer, T;,’ which steps up the 200-V pulse to
+5 kV acroes the two 5000-pF eapacitors on each side of 'the Spark gap..
The +5 vavis kept constant by means of the trickle-charge power supplies
derived from the Cockgroft- Walton voltage multiplier.

The +5-kV pulses go through two diode strings to charge up the
two 5000-pF capacitams;-. The leakage currents of these two diode strings
must be kept low to avoid voltage sagvging in‘ low-repeﬁtion—rate pulsing.
Unitrode's USR 15 has been found to have an average kemkage current of
-9 -6 |

70X 10”7 A at 40°C and 1.7x 10" ° A at 60°C at the rated piv. With its

, fast récovery time, typically 200 nsec, it is satisfactory for this pur-

pose. Figure 9 shows the +54¥ charging waveform across the two 5000-pF

capacitors.
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| THE RESONANT CHARGING CAPACITOR

The 441-pF capacitor, C,: und'e_rgoes two puiéings dufihg each
charging cycle. | WhenlSCR1 is tu.rned on, the cé.pacitor is ch.varged up
to 200 V in 30 psec with a current pulse of 105 A peak When SCR2 is
turned on, dlscharg1ng the capac1tor 1n1:o the transformer the fall time
is 16 psec, thh a current pulse of 230 A peak. Under such puIS1ng con-
ditions, a Mylar film capacitor with dc voltage rat1ng of 400 to 600 V is
fairlly suseeptible to da',.r'nage." To make sure this capacitor will operate

reliably for more than 107 ?ulses and beyond, a Ma;:xwell-_fype”300’24 .

H. V. oil-impregnated Myiar pulse capacitor is ﬁsed at a greatly derated

voltage level. The capac1tor has been pulsed at 270 v, 220 A and at 400

v, 110 A for more than 109 pulses, with rise and. fall times at 20 p.sec .

and 60 psec reSpectlvely, -w1thout any s1gn of fa1lure The temperature  ':

rise of the capac1tor case is approximately 8°C a_t the end of the 1-kHz, .

1-sec-on—-1-sec-off pulsing tests.

THE RESONANT CHARGING TRANSFORMER

To acqﬁire low leakage inductance and high breakdown voltage .
characteristic, the charging transformer is tape wOu_nd.‘v The maximum
flux swiﬁg of the core is utilized without flux res_etfing. - The efficienty

of the transformer is 50%. The contradictory reqﬁii‘ements of function

and cost have been compromised in the construction of the transformer.

Figure 10 is a photograph of the transformer.

U



_9- | | UCRL-19768

OVERLOAD PROTECTION CIRCUIT

In the experiméhtal field, there is always the::possibility of wrong

' connections during the setup. Since the unit is a closéd-loop system,

it may ‘recy‘cble at the highesfi péssible‘ frequency aﬁd burn itself up. Also
a continuous 'high-fi',‘eqﬁeh‘é;r-pﬁljses train rhight be fé_d ihto th.e unitv by mis-
take, a.nc‘i'darniage the system. To insure againét these possibilities,
two protective circuits are Built into .the system; see Fig. 11.

A pr'e's>sure switch is used to make sure that 7 psi of air is present

before the system respondé to triggering‘at the 4~-msec and 2.5-msec

- dead-time settings. If diifing the opération the ai‘.‘r-"-'I:S'ressure drops be-

low. 3 psi, the'"sys‘_cem shuts itself off. No air, however, is required at

10-msec dead-time setting. The pressure switch controls the supply

_ vb_ltages to the SCR, driver and the avalanche transistor stage. This

guards agam\inst‘external high“frequency triggerin‘g a;id internal recycling
without air flushing at the two si'iorter dead-time setfings. |

To guard against continuous high-frequency tfiggering at the _1-mse§
dead-time setting with the presence of air flushing, a one-shot multivibra-,
tor is used t§ count the pulses; if the number exc.eeds 2000 over a period -
of 2 sec, the voltage going to the avalanche traﬁéistor stage is:c'uf‘.off,..

Resetting is necessary in this case.

THE POW_ER SOURCE
Figuré 12 is the circuit diagram of the ma’ir;_Ij)qwer source.
Two in-line filters are used at the inpuf of the 117-V power line
to kéep transient pulses from going through either way. - The line voltage

is in series with the bridge rectifier to prevent surge current from
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darnaéing: the diodes when the system is turned on. A triac corlneeted
in parallel with the 22;9 resistor is turned on 200 .rrlsec- after the .mein
switch is actlvated by-passing the 22-Q re51stor The driving signal n
of the trlac is supphed by the 100 kHz chopper. | |
A series regulator is used to supply 110 V dc to the 100-kHz dc-

-to-dc ihverfer. The vlirr'le regulation of the supply is less than 4% in the -

100-V to ‘_13O.I-V r.ange, and the load regulation is less than 2% in the -

1-A to 3-A load current range. The regulator is_short-circuit protected.

The tripping circuit shuts off the rbegulator at an _ax-riera.ge load current

ex'ceeding 7TA. The_sensi‘ng'cireuit, however, is inseneitive to pulse

current as lv'iighié.s 130 A having a'cycle compatible";m'.th that of the

ehargingvperi'od in this égyrstem.

100-kHz iNVERTER |

| An osc111ator operatlng on 36 A% dc is used to dr1ve two high- -volt-
age trans1stors which chop up the 110- V dc supply. at 100 kHz. Various
w1nd1ngs on the secondary of the chopper transformer prov1de 6.3 V to
the filament of the MI.8538, 20 V to the t1.m1ng and driving circuit, 500
V to the trigger pulser, and 4000 V peak-to-peak to ‘the Cockcroft- Walton
voitage mo.ltiplier. All rectifier ‘diodes are of the .fast—recovery type.
The idling current of the inverterv is approximately 130 mA. lW'ith all

standby loading connected, the current goes up to 300 mA. See Fig. 13.

_COCKCROFT-WALTON VOLTAGE MULTIPLIER
This stage supplies 5 kV for the trickle charge for the spark gap '

and +8 kV for the anode of the ML8538. Two 0.1-pF 600-V Mylar
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- capacitors a-re'connected in series to form a 1200-V capacitof with two

22- Ile re51stors connected in parallel with the capac1tors as a voltage
bleeder The d1odes used have a typ1ca1 recovery tlme of 200 nsec.

The regulatmn of ’che voltage multlpher is approx1mate1y 4% with a load

 current of 4 mA. The eff1c1ency«of the multiplier is estimated to be

70%. Figure 14 ‘is the circuit diagram of the voltage fnultipl'ier.‘

- ACKNOWLEDGMENT

The author thanks Q. A. Kerns and Robert F. Tusting for their
direction'in the earlier development of the systein, D. A. Mack and Dr.

B. Leskovar for their support and discussion of the project, Eric Young

" and R. A. Walton for their technical and mechanical assistance.



-12- .~ UCRL-19768

APPENDIX
" The four SCR's used in the preamplifier were selected with the

system described below, as shown in Fig. 15.

DELAY AND RISE- TIME MEASUREMENT
vA sar.i_'lpling scope (Tektronix 567) was used‘._ The extra 2-ft cable

» monitoring the trigger input-wa's used to offset the 3-nsec delay time
plus rise time of the avalanche transistor. stage. | With 1;he test setup,
the drivin-g current into the gate of the SCR was appr'oximkat'ely 1 A, the
delay was 'ies;s than 8 nsec, and the rise time was less than 10 nsec.
The peak c;litput pulse ampiitude was abppro.ximate'lvy 80 V, indicating an
output curr.en.1.: pulse of 8 A. R was set at the ng‘aximhrn resistance
position. ES was set at 130 V. Any unit not fall.ivng' within 10% of the

above figureé should be rejected.

FORWARD BLOCKING VOLTAGE MEASUREMENT
With R set at the maximum resistance position, ES was increased

until the current meter made an abrupt jump upwa'r‘d.v_ With Es back

down to the level reached just prior to the breakdown, the voltage across .

the SCR was measured and designated as the forward blocking voltage.
No external triggering was used in this measurement. It was found that -
most of the SCR's tested under the foregoing conditions had a forward

blocking voltage from 130 to 145-V. Units with forward blocking voltage

below 4130 V should be rejected for this particular é.pplication_.' With 100

V (the manufacturer'!s rated VFx) across the SCR's, the leakage current

is about 25 pA for most of the devices. With 'the maximum standoff

§
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volfa_ge across the SCR,._the 1eakage current was 1n the range of 32 to 37

.

HOLDING CURRENT MEASUREMENT

- With 'E' set at the ‘previously measured forward blocking voltage

:and the SCR pulsed at 100 Hz, R was gradually decreased from its max-

imum reS1stance pos1t1on until the current meter Jurnped up to a certa1n
reading and stayed there; this indicated the SCR was being held conducting.

This curren’c was recorded for each SCR and des1gnated as the hold1ng cur-—:

- rent Whlch has been found to be around 35 to 45 mA "The manufacturer s

rated maximum hold1ng current, IHx‘ is 5 mA, Wlth a gate—to-cathode
resiétance of_.zi k2. B‘ut'in thisb case the gate-to,-lc'at.n_ode dc resistance

is close tobzer_o, which accounts for the difference." It actually works

out better for this application because the devicesv.a'_re.‘ expected to unlatch

and recover after each pulsing.
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Table‘ I. Various operating conditions of the spark gap.

" Note: Spark gap in op’en.air;' energy pe:r
' pulse = 120 mJ; dc operating volt=~
age = 10 kV; resistive load = 50 Q.

Spark gai) . Pulsing frequency  Dry air “Output pulse  Dead

spacing. . (Hz), 1-sec flushing rise time time
(d)b ' burst (ft3/h) ‘ (nsec) (msec)
0.075 800 o0 20 1
0.070 100 o a5y
0.070 = 200 o . 15 2.5
0.065 . 400 | 0 10 2.5
0.065 100 0 . 10 10
0.065% 1000 5 10 1
0.065* 400 o 2 10 2.5
0.065% 100 0 10 10

a. Spark gap in enclosed chamber.
b. (d) in inch. See Fig. 4.
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FIGURE CAPTIONS

Blloc.k» diagram of the '3park~ gap. trigg‘er a.‘rnpli't.'ier.
Sc.hrvém'atic diagraﬁ_i c;f the préa.mplifier ah_d the spark gap.
Output pulse":amplitude as a funclztidn of ldad-resistance.. :
The vspark. gap |
Spél‘k-gap”cﬁarhbér'."

Upper trace: trigger pulse ihput;

lower trace: output pulse.

Timing circuit and SCR driving circuit.

. Resonant charging circuit.

£5 k'V Cha.rgilng voltage wavefdrma.cross the 5000-pF capacitors.

Resonant charging transformer.

- Schematic diagram of overload-protection circuit_.'

‘Schematic diagram of the dc power supply:

Schematic diagram of the 100-kHz inverter.
Schematic diagram of the Cockcroft- Walton voltage multiplier.
Schematic diagram of the SCR test set up.

The 1 msec recovery time spark gap trigger amplifier.
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Fig. 1

4



crSl -£L0L 19X

L m._w oL th.b1y woay

E =
P SO0k
3 voNMM L v W 3
' : 3 vd
| vy fvieeEvin mﬁ.ﬂm ¢t bry woeuy m O ¢
WHu we

-

/ ]

1 1t .
O LINOY indin )
~ oLINOW 0 s £ o 4_R|\3: .
~ 3 3 3 m WA = 47} Qpor4 wosy
. 7] N $ O
3 ‘ Aly AOOG+
Fog @ o 1r 31 1o afroor woor|
oLy - :
3 ] m S SA0LS163Yy 3 5] e . .
3 3 3
E: 3 3 3 iy iy
$ 3 F 3 t. m T
- 2-9 L] .
E- 32 3 3 p 20} 47 91 20147 0L Lndng
3 z 3 3 Wy : CECTIECTY
M M M ooz i,
. Anoz L
ﬂP:LPW-O m M M u&oom ==

NO6E HOBE HOGE MOGE NOGE

+ -
Y— . . ANG+
S ﬂw.,eo._u vt bry wouy



Output Pulse Amplitude (kv)

Spark Gap Voltage = 10kvdc

o

Pulse Amplitude vs Resistive Loa

30

' Resistive Load (ohms)

Fig T‘- 3

. XBL 707 1539 ©



-
A

o —19_
A . d"*i div*.!

| |ei1/6"

. Capacitor
Capacitor : P ,

Diam

as

i
3/8" __{ vl

“#70 (.028") Drill Dry air

- Hole Size

Copper Tubing
* See Table1 |  XBL 707 1549

| Fig. 4



2=

XBB 702-876

Fig. 5



9 ‘314

*ATp /098U (2
V180T-20L 99X

*ATP/AM €°9

-21-



-22-

3
*H

204-429] «

LY ¥ PN
Rt

._.u_:oo. ¢

WWy

L "8y
O¥Si-£0Z 18X
) S
610ENZ ‘ ¥
: Lvvyey
C voosE v e
407 : 612ZNZ A
ﬁ|ﬂ Log vy 622N &aﬂ szzng|
0S2.9vQ o .
2uds 2qno%04isy Qio_ﬂ N " sy
- i il .
iy Wy n WWA- 4700
L E SO A 3
47}00° afzzo0r FM NZE MO E 0 2wz w
612ZNZ "2 3 6122ZNZ crzzne %
3 LYYONIY £ I
"3 ¥ $vooe N Yivvony
LTI 3 . A
" Lig It
i L L
S U 37100 472200°  ENb ™zE gy ENT
¢ bij oLy 104 %23 :
W . o
{ 1or g 76 § MRS
1A9s vMMUL_NN..Mu ﬂ...— ﬁi\rllll
6IZZNT FIJH
ASE M”\ mﬂ.\\ o 3 . h #
f100° _
Joe s22 {Tadioo T "2 F W2 00 304 _a. WG
T ) J J i bty op j\m'\
= : W bry
gk YD4IMS L40y28)3s of
3

wouy

i B}

i

L
1+ wouy



Y¥SlL - £O04 19X

PADS

®

WW-

U OOk
10k

0sZ19v8
LOb | agnoxoasay

g "3iq
pi big woug
WO
AN G-
TWS'L M
22a20S
VWGL () 00
VWWG'L Shasn SrAasn 1
= > —>—} o ]
sHasn s1asn 100} o0t do.m v o3
2 b1y oy T4 o :._._o:,n FLOTE S
A 109} ———=o090v+ 7 |og0p+
srasn sASN © (TTVIIT) :uy A
1@ P I la 10} 1 in
+ L} TN T T
! srasn srasn 1
(3]
~ U WEL Y
i . 052 1L9¥8
867V 3WOD D SqnaNeis]
VWS'L
VWG'L
INEES WAL
o L biy wouy
i mC. wouay

w
L byy wouy

>

Zbbiy wouy
WNo



6 814
‘A1p /o981

VZ801-20L 49X




25

3280

XBB 695

10

Fig.



-26-

&

V,\ .
A2
WSt -£04 18X
Nam
-———
L biy woay T Y96l _
| wzezv
.Q. W 0 _ .
. rﬁlll.. © _ _ . :H:
,..W:.N. wm% o] . J. . mEOvO.‘:rhr _ TS < m._% 1ol 4
: yo11mMsg ﬁ | [Sugs® / AOZ +
24N5Sauyg e mE_o YIJIMS
L 4010913 S
—_——————
by bupzesipup
. my
- . _ﬂll M(ﬂ,.ﬂm»ml"
! |
' o I
»02 A : :
6EPENT
»e'h
L2€ZNZ
v u«_of*\\ 2 o
voor¥ Mout T Voo
_ % RECHE BEUUE 5 SO
MOoLy ape . I—| ..
o . EL L : <) -
2 m....*(.a.v.r - ¢ l_ll WW Jr”* " - ¢t brg Wr_Oum
. roln . AGQS +
- m-w VESL NI By 6EYENZ . e .
L o Wb
612N LYYPN .
s0onT w3 | ww——a| ﬁ L by woay
AAAA ld ““ /\*l\ V.— mavoo. ..m.. N
v . N ,
Ly von $ ady J 612ZN2
no'e #o.mm nor s 3,




_27-

L¥SL -£0L 18X

o}

B

A
MOt
Loe Sion
0szLoPe A2z w
. ®qNO%04434
= T o
VZoeN: !
Q) |
3 W
<Nemz.m -2 vy
<)
3dyr o
=3 »
A <N.vm2.mv afecor
€ by pue L
@ biyol  Zuoy
WN GEPENT
3 L
Mz 3 3 _y.'||'|l.'x'
<vorz a3
5 IR
3
Y Vs
. v
vy 206¢NZ eooww
e e _ rJ\'l\
20y
- €b biy wouy

Iy

O (e e e e (

@<

E(



L..
€1 ‘8g
€¥SL-£07 TEX -
, 21 By of 2t by wouy
..O.. : _.z_.
. _
>ocw+ == g
WS —MWW Ly
- ‘ Wogusng
wAu
dd - MZ 2
>ooo..* . m.umin %o 3 Smm ) :
X, - , <He e . . .
" . B 47¢c00 SI0ENZ
v is . ! [ ..!H 2.
AGZ+ e soteuin ' v 00 . $rat mv el
vle = L€ s . osz WS
‘e 3 . 12 | dogi[
: LN ¢ g v LS F Ao @v
X  seeswan » it 12 T Taoeed aie T TJaroons 24 Byy wiouy
o 1e— 4 o 12 4doois : mu u
. L : it : (#$.d.
hed 32T iog \|ZOE0 - . v 00} bu 9220EN} ¢
e m— 1t L - — AW "
IR t¢ i { . ol
06219vg) SOTEBLN. %0 (37 womwx._%wm "z
LESTINY ) €21-49 '91 siQ afecoor 3 3 .
. Xz



-29-

$1 8

SPSGL - L0L 189X

.xlr

€ By wouy

W

. : It 3 mm
y RS
40) m;_ u_.:. ke anp } o
AN O} @H\ . e
srasne FL(N
: 1L A l~| . V_N-v m
it W~ — MM A —— . .
- R EAE TATE T XY i
W22 Wzz wzz . : AN OF
k . . - aTio
Y .
) M—— W
AM O}
3RO IMZTE N2 WTH Wz
|
B
. ANG+ ’ A G-
‘ . =™ o
ANG+ : : 2z biplor . g bij'op
wda ‘ . .
8 by o . A

bt
W
¢



-30-

 9psi-200 Tax 51 Sta
g |BPuueynd
g Xjuoays) of

- - | _ L9G Muoudysy

Lo

°i
ol | et
. __fl vs12
- H

_ dH
203D 91 L 3jox01d .

o DT FELEY]
M 0SE - .

1i



-31-

XBB 702-877

Fig. 16



v - LEGAL NOTICE

T : ‘ .
This report was prepared as an account of Government sponsored work.

Neither the United States, nor the Comm1ss1on nor any person acting on
behalf of the Commission:

A Makes any warranty or representation, expressed or implied, with

respect to the accuracy, completeness, or usefulness of the informa-

_ tion contained in this report, or that the use of any information,
apparatus, method, or process disclosed in this report may not in-
fringe privately owned rights; or

B. - Assumes any liabilities with respect to the use of, or for damages

resulting from the use of any information, apparatus method or
process disclosed in this report.

As used in the above, 'person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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