
SQUI l'JIIDIQ;l Ill ...11101 J!Olftl 
a. '!IWJIIJIUJIO. LSDI 

" 4ftl>U •z•~... 

.l !UJ%1 

ftllal\'414 

OJtM8 11Af1 Oo.r.:&MJ 

/ 

la ,.,,w fttltlll.Mat ., 
\Ja. 8\d,..t• 1•-, U.. 

4..-.•t 
-.alii or scx•n 

loe19$6 



trWrIfrf *rr{f; 
Wrtm*(fifitQr,r{ 

ru fiilNrri rr fifi 

Redacted for Privacy

ffitprultil|tt urp|Inmrp

Redacted for Privacy

tll!il)rilil & rr.rlilfiE |I) Fu 'rrr.fif;nlt 

Redacted for Privacy

ffiIrilre {i 
**lmffi Uf*ril!: Iil rfrilrr$ 

filtfi!#t? 

Redacted for Privacy



!he Dtller t.t• pl--.re t.a a'-41N hll pUtue to hta 

-.Jor prefHier L. I. 1\o.. t•r h11 ,.u..a.. a4 .oftftc--.t 

d~ tbe pft~••'• te Pref••••" A. L. Q.'Mrt aa4 1. il1ehael 

for the ue ef tlae ..,upMI\t *-4 \e PnfeiHl' I. 0 .. MtlllUaa ter 

the --~ ot Uut t.pp&Ji&.,. eat eo.tpaa\. 

!MaD are ae go 1iaol•, llr. Jauat llaeb, ter hi• aeftl ldl& 

ttunctal ~rt. 



tD ... UOU.!IOII .AID !II LlGDJXII JDIIB.......... ~.. .. 3 

!be: l.laJl~ ~............. ., ....••. ..• ~ .. ···--····-·,.·· ·· .3 

..........tt••• to-. I¥1H fol . hits.,... ~..... . . . ..• J 

Jtftaitua ·Of .. I&Wtl'tta• -.4 tM W.,.tail of ............... (~··· ............... ,., ................ ,.,.... ' 
~Jut jjt1ilal ..... tae•t4JM.•••••••••••••~'•••·••••••••• ' 
.. 'Jill.ta... .,.,.. ....................... ~. • • •.• • •• •• 8 

!II !llAI'MUSlOJI ~.- ••• 1!. !' • ., .... ., . . ............ ............ . 

.. ...1'1......... ''* ..6rttfta.l .., ''

~laS....,. ....... ~···········~················· ······· 
tile ArUil•t.&l ~•••l a LS.u.... .... , ........ .......... . 

.. CftSl••••••.,. ••••• w....... .,. ..... ,. •• " • It ... A It .#...... 

~ ~t-.......... ~·········4··~·········· e. t~W• _.lftelal bdlal••t•• iLtattt•• , .... 

.• ~-- ., ,.1.... -.w~... with 7 .,.Tf 
lit~\loa f1l tllle, Ltu•••••••••••••••••••••• ,. •••• ~ •. 

-- -1-- ........, .....,... At:Nf• • hl.l 
Ootl, • la1f toll.... . lto~•••••••••• -~ ...... 

~ ftJ.._ -' OQrta\ f&ftt... A•ll ._ 
l.i1lflfdal . t••l• J>ta.•• 9 ••• - ................... . 

.. Yel.... ,.,.,.,... vtth »t.tt•--· ltJ'Idk'l•• 
, ••••.M-tlfl.s.l ~-·- X.la • f. f ........... . 

!U ..... .,_..._ at t~W tballtt• Job.._ of 
..~• .,. 1'4a.... , ......... ~ . ............. .~ • ., ..... . 

!lilt·...,... - -- ......, ......... It.~ ...... .,.. ··--"-•1 --~~· ., ..1&.-le*-t at ~be~-~........... , ••••• 

-AID·~181••••.•••••••••••• · ··~ ·· .... ............... , 



,... 
1. a. oltoalt ......,_tor tM ~&ifDe1'&M~..... .••••• 9 

2. ft.- lJI.pal............. "+'lilt . ......... ~ ••• •• ,. .......... t'..... 13 

3· !be tq new •I a. ~.. ,...... r ........... ,.. .... ,. . •. 1l 

... • '"''-' 'flew •t ... ...,.u,........\OJI...... " ••• ' ....... " 14 

J. - .,....."..... ................................... , .. ......... ,. 111 

... .. t.laotaa . tt ... toil•,; ... w............. , ••••• ~ .. - ~ • , .... " 2$ 

1. h Al'"' ...,._t 11ftf.t'-.. 01 '-M· oot.l•..... .•••••••• 26 

8. a. n•t••• .,.. t~ •I eeil,. .... ., ... , , •. ... •... . . . • Z1 

10. !be ~eltaaee •t ,.. ...,..tMJ!t........... ._. ,. •• .,. ·••··••. 29 ' 

u.. .. ........ 4hcfta of .........t •• ,........... ...... 30 

12. !he ...1... .,...,.,,.. .s.-. ·--·t••t• lla• fl.vt~ 
\!141 Sapal... appllfl to tt ·~ .. Ml oell, • 
llalf ootl. ,, • oapao:l$0., ..... ,........................... " 

13·· tt. ..1-.c• .. .,...., .,..,............. Ml .u. 
a hall otll.• •r • ..,..ttor••••.•• •.. ~ ••••...••• "...... ". )8 

111-.15., l.he -..l'Me ••t••• alae -. •-....laal• 1ta."'th Ita •••*~•• kat.laatN ........ ,. ...... h u ...H.... ''· 40 

16. .._ ~' ._,_.. ..,.., tb uaa•laaloa 1ta. 
wlth .a ...~~... t...-l~a\14 ta S.··········--··'······ _, 

11.. ta. •1._. ,...,..... aloac ,,.•••a. lt.• 11 
w1~ Wf..,.., $4tlllbatlon.• .•• ,. ......... ., • • • • • • • • • • • • • • • .-8 

18. ea. 'hltac• waftfont aloe \aaal••l• lh• fl ad 
e.t ._ ~\l• CC vlth UfteMt.t \u'Jdlla\loa•••i •• .... J3 

19. h ..,_, •wteftlt al.OIII tnaeat•atoa U.u f1 aa4 
at .._ .r-ctua CO with 4Ufenat t.nbatloaa••••. ,.. • $.5 

20.. l1w evre.\ -.ftfo•• :oa ~ llua f2 a4 1:) •' the 
~U•• n•k .s. plu lb.n 12 eJaA *'·· .. . ........... .56 

21. !he. tnaeriaa f.a.pt.lae fftll tq ntpd of~-· 
aa.••• •4t•- •···~•P•ft•••••••·--····~···•••.,••••••tt4tr.it!4++• · •• " 



22. tta. Wl\1 h ,_, ..., 1alUI 'ft. 4elq till• bl 
•lal'e••ooad.• to-r t .he ...~..., .. '' Pl'OD••" mac tile 11ae. ' .. .. ._ -........ !I ......... ~ ,. ..... a .. • • .• • • .. • • • • • 51 

2). 'lie ._1\t 1A pe• 111llt 'f&lut a• 'M j'llllloflt• aa 
the -··J' of ••tcobc 1UtHJ lt 1UrM.Ie4•••••..••••• If Jl 

et. the OIIIIJ'na\ t.a pt~ ult '-l"Ma at *b ,_.,,... Q 

tM -'•r ef o•tcobt l.lM• lt iatsH&~e4.. •• ••. •• ••• • 59 



1. fel.,. at 1M _, of Ulttna* ...tloa• vttll 
4 ..,.._....., frtrcL••.,.· ... '.·: ...... ~ •••• ,......... ... ~ ..... t... 3' 

2. ._ nlatl-.ldp -....... tbt _...1'1 at .., app•r 
ea tN ..11• u4 \be O&padMh a4 ta. -\ea &I 
.......... te U.. .._l'd.bc \hell" 'tal.UI• • •. • •• " • •.- • f2 



a ..._ I • •teUJ ••h tt aao\Mr, loea'At.• •t li&ll\allta, 

IWlk1aiac -,.a~s••· tho11 ••••t.ta, U.. t~k ,,., o:~ ._.••• 
ft.iP1 ., t:aftlbc: "'"" .,. ••t. _, v1U.oh tJ't.ftl albe U.. t.a• 
VS.Wl-.p:I¥0--MlJ \lw .,._ •llt.p.•• ._ .. ...,,_or.-.. \•ftl.
bc ..,.,., a U.ao ftNh • \J'IUl•lt~a s-tat at whtell ._" lt aa 

•tftlalt.a. -'al• a ,_..,.•• .t.\h • \lt.ft' tta•• n a ttMeto,.., 

.... •• nta...w •• .. 11... 

.tad • :part ~~q pate '- ,._,, ...t •• •t tu •lftltd.•. 
Oa ~ t.-.tt10fl pet.ab '"d..... ·---··t•U.•• ...... 

,,... .w... a. ~be ••• .-t\1 a "faJol•tv •I pkaea... h 

.....,u. ptpt... &1Q ••,....... .... .......... ..•• 

u...,.S.. tt. eunat * •1·_,. •' _, :9f'iat al-e tlae liM &t • 

.......1.. ,.n••u-.. ~ t• 11 talble to ,..._ '~ ..,.. 

"tJaanor at tile uaeitt• ptb.tl wtth a lattl••• a ~•t.a• 

tu,r.. )1 'f'lr-. ot wtU.ok U..• _,. t•• all \Jae ..n..w -a U. 

reftNtM awa .- '* -.1._,..'-4 ~ vt \h tU dt•••• ot 

http:����t.ta


=
 

! 
i 

i 
t 

! 
t 

t 
l 
I .

 ~ 
·1

! 
! 

I_
 

:.
 

' 
i 

i 
! 

: 
I 

t: 
"I 

! 
I 

' 
f 

0 
.
.
 
I 

::.
 f

. 
1 

I 
_e

 _
 

• 
. 

_


• 
I 

-
.-

.,_
I 

i 
• 

.: 
5 

! 
I_

I· 
=

' 
J1

 a
 •

 ' 
"

I 
• 

· 
t 

·• 
I 

• 
. 

1 
t 

;t.
 

· 
• 

. 
1 

:2
 

.
~t

_ •
 ~_

ls
_ f 

·r:
a!

· 
i _

 
_ 
!
·
 ..

 f
tf
~t
l

r'
_

::
s:

.
·_-_ 

~ 
l 

t 
• 

i 
·.f·

 
· 

. 
• 

· 
-·

• 
• 

! 
1 

1 
f 

l 
f 

c 
! 

1 
e

~ 
~

... 
z 

! 
i _

 
1 

._ r 
~ 

...,_
 .f 

I 
i 

!_
_•.

 ._ ~~' • 
."' 

i 
.. _

' 
1·

 ' 
1 

1• 
: 

1 
•

i_

' 
t 

:[ 
E

 ·f
 

" 
I· 

i 
~ 

• 
!. 

f·· 
., ...

 t
!t 

i:. 
l 

=
1 

1:
 
! 

~ 
-

·s 
. ... 

I 
f 

. .
 

_I 
.l 

:• 
t 

. 
• 

• 
. 

. 
I 

r· 
-~.. 

• 
r 

t ··.
 I

 
j ·. 

I 
~-

. 
-~
~
I
 

...
 

. 
... 

..
 

lJo
 

...
 

...
 

I'
 
I
.
 

: 
.• 

: 
J

~ 
' .

 
.

• 
~ 

:'&
 

· 
., 

f 
• 

IS
 

f 
.f 

r 
~ 

f 
1" 

w
 

"'
 

f 
• 

J 
. 

• 
t ·

 
.• 

i 
I 

' 
_I

 :.· 
i 

._
' 

_· '
 ~

.. 
.-_ 

' 
-_

• 
_

a 
i 

__ · 1
;4.

··
_

•
:

'. 
-

~· 
I 

..
I 

.; 
' 

! 
I 

f 
.·. 

.• 
.i 

...
 

# 
s 

! 
a 

I'
 
·r 

.. 
• 

.. 
.. 

• 
J 

f 
~ 

. I
 5

 .
. 

. 
:-

·. 
.I 

~ 
.. 

I 
i 

.., 
. 

•:_ 
: 

_...·_
r; 

. 
... 

r 
: 

. 
• 

• 
1 

r_
 

.
:: 

l 
• 

f·. 
I' !

 
f_

 i 
•. 

:..,. 
:r. 

,= 
I 

,... 
e.

 
I 

i 
I 

: 
I

... 
: 

r-
, 

....
 ,

 
=

r 
I 

1 
s. 

.... 
"' 

,
,__..I

;! 
: 

..·
 ' 

,£
 --~

 ·•
. 

~ 
t 

1 
r 

~-
f 

! 
f 

i 
ar 

r_
 

I
0e_

 

. 
• 

I 
1 

II 
' 

=
 s. 

I 
• 

f 
f 

; 
I 

i 
-

' I
 

I
r 

~ 
I 

! 
: 

~ 
. 

E
 ! 

J 
i 

I _
 .•

 
• 

! 
' .• 

r 
~ 

• 
r_· 

=
:r 

• 
,. 

! 
:' 

"·
 l 

, 
• 

. ,
 .. 

! 
, 

I· 
=

1 
t 

s 
. 1

:t_
i 

1 
• 

,:-
E

 
t 

t 
• 

~ ~ 
r 

:=.
 

C'
 

. 
1 

.·
 

-t 
1 

l 
f 

-• 
.,.. 

• 
,. 

8 
I 

. 
. 

f 
:a

 
• 

• 
t 

• 
• 

'#_
 

J. 
• 

f 
!. 

· ~ 
' .

 i
 
f 

• 
1--. 

,.. 
"'. 

·i 
_• 

;___ 
·l 

t 
__ 

if If
 

•.·_
 

~--
I 

E
 ~

 
~ 

f!
 

. 
I 

I 
.• 

!-
. 

1..
· 

I 
' 

. 
·. 
~
 

11
' 

f 
! 

~ 
i 

l 
·~ 

t 
. .

 
• 

.I 
.; 

~ , 
. 

:; f. 
_

. 
~ 

.J.
 ·f 

_ 
e 

M
 

' 
. 

-
. 

-
-

. 
1i

 



' ... ,_.,..,..,_ U. Uptdq bpll.tel. 

,...u.s ,........ 

..... ... ~ ...., ., • . u " "''ll 
wltoldll •• • taU••· 'lt........... ,..,, ........ d 41 

,,..l.., ..... ,,.1Mtha lll ·---- ..~a., u,..., ...... 
.... ....~11¥ 

wll'!le ~ •• plaotl. .... bt• ' u..-• •'"'*- wttlda •• l.tlaat 

ball a •il• ol ._ -'•'-U••· •• CftU4 wl..-e u. ........... &t 

... tt'ftt· ...~ ...u.. ,.,. ltP, ............ lt tiM 

••• ef UP'-'-_.., , vW.ah .., u ...tov .-l'fM b. patt1AC 

._.., ._,. t lke ttodaoten te cftQ4 aa4 ..-. tht~ 

b.dlatlq: .........- ..... .,._ .. ··-~' 

!he 1~..W.C !ll,p).... • -• Hto~ Ia \M tt~4 wl\h U.. 

).tptabc .....,. ••, .....tarilJ ... .. ~ - .. 

,,.._.._ lt.Mio~ ·- .., •aMJ.17 'tfhl4,.,ftkn ldctl' .... 

"' .... .,. s.t.t w ... ebeppe4.. ,....,.......... 11•'-4 

..._-... Uft• 'o1Mett1 \lou (11 •. -,. 1$-:S?S); 

.. t-..S.l.• 

h11••· 

Dab'l&l ••· !U llt.ori-Wl a'ht fttult tn. lt1po-e:u-~t 



•••k• . •• Pt..U•ac ant• follft . ...,. a S.a'llaa:r *'1"lM ~ 

O'fft wtda hlMI ,_.. ct:_...ttt k ......,__, pe U.t.. .._ 

•~aen-WJ.. u pn.uur a.. •• o.. '--•• t1 -- L ft •• •t 

•1-.e ., •• •t•• ..... .,.._ 
'r»-.1 ftlu ef ~ -... ,....-... l• !0 

.,_,.. ...__.re. ·tM -.. '"'blc ,.....,. lO •••l• a~ 

(a, PP· .f'9-,.,6). 
IMJ»?d ' (.a,.,). .... ..... .-..-1. ., .,,... 

u~ .....~ ot ntttet•• ........ w ft.Mh.wr .. 

b.ftla,loa te • to.wr. ' ldw ••tl U.. bale._.,. 

llattbo'tW.. ..,..~ \lla • leY ....t ...... •t . ..,... ~-~ 
, ...~ the • ..........., .... \'baa Jw.1t .. 

fnt••t~ .. ''- ,,.t+*'ll. - . •. 

..,. M1 • .,.. •a •t 1ft _.~, 1Uf4iiU •· ·-.,. 

halt t a u,.ot •.-,... ~ "'- oni::U\er · 1dd. tU bnlat.n 

4 •• n.aJ»" of ta.. 1w .,.,.... ot -.1-.... -...,.. t.. 

h.ll ...... ~.... fr 

............ •t' -u.. 
~ .. u .. ~--..._. 4•al wl--.. Poft-Wl D4 

Ml .,..,. • ._._... ot \he ~ of o41ft.ft•M •• t · • ..,.n•· 
....,..u.Jr. 

http:ft.Mh.wr


,. 

a. lll'll.a\i• •"'· H 41 ertdatl tw. t.t\• • Y1tll .,_ t•llewt.a 

3 -~- (!1. ~74h 
1/Jat.......... 

l/10 .~.o••....-.. 
1..5/IJO ~.......... 

ate a\ift ~I'M wa'Nfo• -~ • 11iU ~ tt ..., ._ Mfi.Uft

._,, tl t'-l&W l'chtabc· tb · tl~ .ac~ .,_tMlt1 •I 

lllta ._. 1 Jlioto....,JIA ,._.,.. t tJIIt Uftl.-l . •t .,..d,•tq t _ 

at Jlt;__. •1..,_. ftut tna.tft~Mr ~,,.., •t tle •leeh'ltal 

..., ..17 ............. a4tleoW . tatlftl.T l,J/'-0 JlUftl sQ q 

... lJl .,1*., 1/JO .altat....U 

• ......,..... ~ ....·IIII!JII4ill~ ~... ''" ....... }IUJtlll 

(9. ,. 15.S).. 

M tt... " '""'*lt• ._ 1llh~ bpt&la.. ftl'1 a•lun'lor. 

,.,.,.. l-t '' •' RJIJ!idac te ao .U.t f•~ · •"-« rpo•••· 
iwpl..l f !ftfOI'N -~!' tluaJl l.J/~ ....J"'.....I 11M .. 

--~· A 10/JO aieJM ..,.._,. ,... •* · "'' ,_,.,...,.,. 
wldtuaa (20. .. ~)1}, tile,....... h'N t¥ · W# ••.,. nl ' 

•-• aq ..._,,.._ "- M11Pl• • wl'*ce tf $Jit s.,.l.le ..,..,, 

lflft ..._., U.. ••tt'-••bc "tM -.. la.-la'f.oa, Jew.-..1', -.. -. 

_.,,., ta l.O ••_... 1, ...., _, 'h 411triW.W ....:1' aU 

"-t wt.a4s-. -... • nl...laa ... ef -. •.,..._.... $1!' 

....... ll l/5 Mle,......._, wllh::t, JOf, t61•••• ._ t~"C»a\ 

http:la.-la'f.oa
http:s.,.l.le


6 

.. .,..1 ..... 1.J/40.. •.............., •••...,.. 

ta 1., td n .11blHC vhll.e tw vaftWl t..ta ItO.,_.••_..~ 

tiLe aftfJW.l l• ,_ ..._. Jllt'IIJHA , -,. aa b~Ml.. -. l'l•• t.- ltl 

.,... ... ,..., "' , .. ~· .. 01'1tte.ll lt .. u.. ,.. 

.. ·-- .. ,.b~ ,... the .,.,....... .~ ,, U.1t •t .... 

, .....i,.... (... ...,..... ,, •· 155-lJ?}. 

•sa la ...,. ar. •W.t.a... ti '--' '-"laH• p..,_Mli•. tl 

~-..tnl• .... Ut\rlllv.U• lb•• · .• 1M ·t• ot • 

s.,..l•• ,...,.._r o••ll'• .t • .. •I ctap-..1'-n, Malttott, HGtl

fS.•n. al biNI•fMr•• •••· _. .... •I vld.* ~lt.p a.,.J..., 

•i ...,,...., _ _, ..... ,..,. h -· prel.:ulll. .. p...... 

'-• ~ ehu&Da el -.aottctl't a pa..Ut.l wsu. a '·•· •oue• • .u.. 
u.cs..c ... sa Hl"l• ts~,.,.p 1"'. .. •...-u•• llaft 'htl• 

-... 'le ...,.,.., c-•• " ~•ll ..p~ _...,,_.. ot tlal .,.._ 

•f ••wal -.& ldlfft'lt•. A 2.400 tf ...,_lh ,_.1'&1er .Ut 

l7 M•trepoll'tU.-·SobJ'II ll.Ht11'1•1 ~ q.e 11 tt.p•• _. •~ 

o..u )J. ., .,.., ... a. u .... •lJUl..... s.. -~·" 0,.01 

1L f aa& tie u......l"&r l• 10.000 Jnl•· IN t.e. ollaiWl~ 

wltao t• 67 J:f (.ft.. pp. 13$-1)9).. "'-•• ~ne o"'leul.J ......-. 

http:01'1tte.ll


' -· .. pllrat.al .... ,., ............. ,.... latP - al.. 

U.\ u.. ,.......... ••'11'· ~..... t-t .......IN'T .. 

'*'14 • alat.awn ...-..• ,_...-... -.. .,_.,•ri•'t.•• ot wbtoll 4Jip11.

u..~ "" ,_.W.. ot the ~ ...,.._, euep' t•r .,_ ..,at-.. et 

•ltace .., ........ 
1. Jlaft t.• e .s••m 0.. ,,..._. ta t tteu. r a. ....._ 

••· fib ''"' ~$it •• -~ • ftl.......-blilc eiHIJ.t.. ' 

ktu he .......... "'""'' ... •f.ch'--... ....... Latttt 

]qt. GH41•' .UitM X..'• ebalt •• ._ 1M4 tft14 'e ,....,. 

tube ._ ...,b.c pf$4 wl--\ thit ...._tl\r tor aa t•1atS..C

,..* ,_ ......- .uu-.-. •'~' (9. JP· l.JJ--180) Wlth 41•\d. w 
••li•• ,.,,,._.. to ct• ~ ettl•l•er hat •• ...,.l.QK \t 

JIWfU'b -' lell••· 

lfo1t •t ta. ,.._,,._.'-llt f.ap.lt•· ,..eat.!.' u. et.1...._..-w 
~lhft la t••la\b.r --~. ftAt •paet.•H JI&W \be 

4ieleev1e ....ltld 1a o ta•J•U.. .,1 ., t !Ulab er 

-ftlldP.a. I*P•~ vlt)l U.. Mta.l ..._,1&.••· a. d.,_tap el thla 

._nta.l ..t..a•• Melt. •._ ..,..'-' '"• t» ~...._, ... 

.., ...,_.,If thl .... to• .. U. _,.l\eft \lal wi.._t, "'

Ueleo\JU (~. Pl'• 13,-13$) ~ 

!lt.tt ......,_..._ •t ._ ~·• 'f'tl__. eaa 11• Melt wltll ~ 

.,. P4 ...,...,.__...,. Wl... 4i:'f1Uft f~p a.p,et ;ra.-a, eacl 

wli\I.L,O "P•W-.h11.etlue »'-lb fo-. all fl'tlll1iael• d4 aw

lotat (,, PP~ .$?1•.583). 

http:pllrat.al


·.:•
 

-
~
·
 

· ~ 
1

1
1

'
• 

...,.
 

I 
t 

• 
~
 

I 
f 

~ 
t 

:r.·
 
~ 

t 
r 

I f
 t 

f 
' 
I 

.•
' :

 : 
: !

 . 
=

t4
 
.J

I 
. J

 
~ 

· 
. 

·.I
. f

 I
 l 

f 
!. 

l. 
J 

J 
1 

~ 
s 

1•.
! 

• 
• 

I 
f 

.. 
t
t
,.

 
• 

J 
i 

; 
I 

~ 
• 

' 
J 

q 
I 

1 
• 

i 
't

J 
· 

I 
1

.."·
 r

 
~ 

; 
1 

.r 
· 

I 
i 

J 
· 

=
 

=
' 

f 
~ 

• 
. =

, 
f 

~ 
~ 

i 
f 

t 


: 
'··. 

[ 
i 

i 
l 

A
 I

 
~ 

.,..
 
=

if
 

' 
. 

. 
~
 
~
 

. 
. 

•l
r
l!

* ·.J:a
 

. I., 
• ...

 
r 
· .., 

w
 ;

 I
 I

 :
 ' 

I .
~ I

 ;
 :

 !
 ~

 :
 ' 

l -I
 i ~

 
f 

! 
~ ~ l

i 
I .. 

~ • 
1 

. 
· 

~ 
1 

l 
' 

£ 
t 

.. 
! 

f 
r 

,. 
f 

I 
!

I 
• 

~
 

• 
I 

# 
~
 
~
 

t 
1.

 !
 1..

. 
f. 

1 
! 

£ 
i. 

l 
1.

 f.
 ~~ 

;
i
;
i
t
f
 1't

-r
 

~ 
s 

r 
-

~ 
• 

r 
1 

i
=

. 
~ 

· 
..

..
 ~

 
ld

. 
f 

I 
~ 

5 
· 

&
 
! 

~
 
~ 

• 
. 

I 
• 

~
...

...
...

 
.,

.. 
i 

f 
... 

; 
: 

. 
f 

I 
I 

=
 . 

i 
.f

· 1~ 
l 

' 
! 

I 
?t 

I 
I 

,. t
.r

~a
. 

·
•
r
c
 ;

 
,

• 
, 

' 
~ 

f 
. 

~ 
l 

J 
. 

I 
·• 

. 
.. 

r. 
' 

·a
 

...
·. 

. ·
 

j 
r 

I' 
:=.

 
i 

1 
• 

• 
•

•. 
l:, 

.. 
tJ

 

· 

' 

~· 
l
!
t
t
f
l
 

ii
ll

J
ii

 
: l
t
J' 

~ . 
l ~
 
t 

·' t. 
I 

'
• 

r'
 ~ 

t 
r1

 
' 

! ,
 1.

 1
=

lr
t.

r
 
~
i
1
 

• 
I 

~ 
~ 

I 
• 

ft 
• 

&
 -

£
~
f
.
r
.
c
 

.r
,,

 . 
.

I 
' 

' 
' 

~ 
' 

~ 
t

~ 
! 

.·(~ 
f 

I 
~ 

f 
f 

. ~
 
~ 

J.
 
~ 

r·.
 

: 
I 

. 
., 

=
 

!fl
. 

• ·
 

J.
 

• 
0

.. 
.. 

:. 
f 

..
 

. 
.. 

... 
·t 

~ 
~
 

-
a. 

• 
I . • :.: 

' 
I 

1!.
 · 
I 

i 
. ~ 

!..
 
f 

· 
f

r 
•.
.
 ¥

of
 

I 
Z

 
J. 

.• 'll:
f 

~ 
-!J 

• 
'"""

' 
a·

 
· ..."" 

.

~ 
i 

1 
. 

~ 
i·

 
I
~
 

~
I
t
 

I 
. 
-
~
,
~
:
 

ca
r! 

; 
~
 

... 
f 

~ 
l 



T.SW 

o-o---o 

10~ 

20~ 

ao ~¥\r-0 

I I< o-I'\I'V'V-0 
2 K o-J\IV\r-4 
!K~ 

0 0 

OUTPUT 

0 

1ooo-\J\..1\-e o.oos~t--o 1 
2 0 0 o..-v~ \).... 1t-o 
3 00 Oo-AJ'\/"v--l ~g~o-ft----o 
4 oo ~../V'v-~ o.1 o It-o 4 

sw. 
POS. 
0 

.· 
2 

3Ke;r·: 4~1 
40 0-.ty~ 4Ko-wyvv-oF. s~. Filament switch 

l-{. V <+ S1-:. High vc 1 tage ewi tch 50~ 5K~ 500 o--1\1\!v-o 0.2 <>---1~ 5 

1. ~w. Tris~ering switch 60~ . 6K~ 6 0 0 o--v\1\r-0 . 0.3 o h-o 6 
;. . . . rilot light 70 o-'·/. ~ 7 Ko-t\1\/V-o 700 o-'V ..-o 

8 00 o--A./V\r-o 
9 0 0 o--A./V\r-o 

I K G---l\l\lv="O 
0 0 

0 

0 

0 

0 

0 

0 7 

8 Ko-Wv-o 0 8 

c~pncitor vaJ..ues 
~·o te - 'fue ir.d1cateC. 80 ()....-;V'.- -o 

908 Ko-J\1\1\ro~~ ere in I 0 K o-wyvv-o 0 10 
mirrof&redr. &5 100 200 300- IO~~J 0 0 0 II 

~----------~ oo-------------------~-~--------~ 
Rl c2 

Fig. 1. The cir~~jt diegram for the impulFe generator. 



.,.,,,.. ,. al... ~--- ...... •"-''" 

..it it ...,. Uttt..d• to 4e,.Mftd.tle ....11' .. ~f- ., 
~ ........,. .,. .,..lte"' .. b-. ...., ••• :It .... '• paeftll•d 

'tlat * ••n•• .-.utoJI " ••atRll u. -.,.frd\, wbt.l• Qae .rMt.ato• 

._ t.niM.* -.. ..-uuou u. -. ...-.w1 (a.s. pp •. 169--1'16. 26, p.p" 

18,-189). hr 'httt~ ..Ut•t*'"''• •• . ._\Ott ~Mr t1 h _,, 

1...~ ... Oz (9. pp, 1J5-~,, .. 

J• ..... • , bAQtaa.... ..S.•• Vltk 11, ib -~\lal 

oalt•l• 'h • ...~ Uftt.-lt1 a.l the ,_..._ of -.. 

11a4lto.... .., ••~ ot flatta -. va..Wo ~ • lte 

1'alu .a« t.l• .,.. ,._ •wll • (9. J• 1,0). '-" ...,. ,....,.,.,. of 

H.-lk •• p,_ la e. .tn..U... 
.. .,._u.a et U. •t.Z'ftf.t tflt t» .Stdatu. _,.. paeftdor 

_. •• ex;pWM4 u foU.owtt ae -.paot.~ft 0,. 04 0, .u..- wJ.

\M J,aUoaW polaltU•. ...,,_. ·u. ..,.. 1f .,.1• ot -.. •* .,.._. 
~ "'- -.st balt 1701• •t ._ISM wa.,., the ~Dr C) 4it

.... ~ ,_._.,... 184 'Wldtll b '. •• tl'lael'd .. , .. 

pl&&a.-.blfw •*·•.,.. a. U .._. tta. •t "- tapael\er o, lt 
etlt..Hlltt ._, .._ ,,_i,t.n Yalu4 •?O d4. Me Qu _, -•t.• ..,. tM 

P"l•• t•J' tb .,._•• n-,, ta .- b - tie ....~ 21.. 

~UC' ~· tel._.• ._.,..,.,. t.• Ual ftr U..•• wt\h 1.*" 

eoille.oope.. •t tllll tr~l"'ac '*Pl... torthe tel_,. .....S.... 

tU \lV'n.\1'00 "'"'" .a,d tb.e o1el1l~ a,_ •.ul7 1.JO 'ft1-\a aa4 50 





a 
l i

 i 
I ~~

~i 
!,

1' !
l ;

=,~ I
I l

 1:I
 I 

I ~
 I. 

~ :.
.· 

·.· 
-,

 
I 

. 
e 

· ~ 
-

f 
,ft

 
• 

.:.
 

.s 
.J

. 
( 

~ 
-~ 

-
I

l 
r 

• 
• 

_ 
1 

1-
$ 

::
 
~ 

: 
.· 

. ·
 

&
 

1 
. .

 .
• 

~·
 

·· 
· 

~ 
:: 

e
1 

f
l. 

·I" 
'· 

i 
' .· 

·' 
5 

! 
· ~ 

·l 
. 

·' 
!' 

' 
f 

1·. 
-! 

-r 
~ 

' 
i .

. ...
~ 

· 
"'
f· 
t
l
·
·
~
 

·tr
r-

, 
• 

. 
· •

f•
 ··

 r 
·" 

f 
' 

I 
I 

i·.:
 

. 
~ 

1 
f 

f 
# a

I 
l 

t 
: 

I 
l 

f 
; 

.J 
~ 

· 5
.. · 

I
I 

f4
 
~
~
u
 

-..
. 

• 
. 
r
;
 

IJ
'd

 
·• 

~ 
. 

f:
 

. 
: 

~ 
• 

9 
r 

•. 
· 1

 I
 t

. i
 

r 
!. 

1 
1: 

f 
•.

 s
.·.

 
i.·

 !
 
s. 

. ~· 
f 


~ 

. .
 

. 
t;

 
I 

I 
• 

!'
 

Jt.
 
~ 

f 
*"" 

· 
· 

~
 
~
 

J 
_. 

I 
~ 

' 
I J

 I 
f 

• 
I 

f 
1 

! 
i 

l 
I 

• 
; 

t 
. 

-
1 

l
t
~
 

. 
..

. 
tt 

.;-
a

. 
e

.
. 

. 
1 

• 

i 
' 

~ 
~ 

· 
I 

lr 
! 

f 
! 

f..
 •

 $
 

' 
·· 

f 
1 

s 
f 

1 
! 

l 
.'

i
~

~ 
l 

. 
.... 

_.. 
I 

f •
 

:t
 

e.
 
f 
I.r 

.. 
....

'r
 

1 
.a
~
~

• 
..

 · 
~ 

5.·
 

·. 
tA

'•
· 
~_-

"
. 

i
r
l
*

 
: 

....
.·

I • 
~
 
t 

. 
l 

~ 
~ 

! 
! 

..• 
·. 

' 
·. 

• 
. 

5 
,... 

~
 

I 
I ~

 
i 

~ 
~-

~ 
~ 

-
....

 
t;'

 
. 

I '
 ::e 

co 
• 

• 
~~

.. 
a

. 
•

~ 
;t

. 
. 

.
!
t
t
!
t
s
 .

. 
~~ 

·r ... 
.
.
 

t 
•
'
,
·

· 
r
r
~
·
 

~ 
f
f
 

..
.

f 
a 

• 
-. 

~
 

. 
=

 
.,_ 

I 
. 

. 
• 

-·
 . 

o
-

• 
. 

...,
. 

-
1 

r 
r 
1

' ~
 

, 
! 

f f
 ~ 

• 
.. 

a 
r 

f 
I ,

 1
: r

 1
 

l 
=.

 -. =
. 

. 
~ 

! 
[ 

! 
·. 

1 
: 

: 
f 

1
a 

r 
f 

f 
f 

i 
·

a.

.,r .
.a,·

 . ..f
 =

 
.. 

f 
,. 

I 
. t

 
I 

r 
r·

 
. 

'·
 ~
 =

 



lJ 

Fig. 2. The impulse generator. 

Fig. J. The top view of the impulse generator. 
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i'1g. 4. The bottom view of the impulse generator. 

J'ig. 5. The apparatus. 



'1$ 

..... .,...,..,_ AJP ......,. • . l'ft!'l htcJi OJ; ..• Wbloll .._. 

~ 11' .•t•t•· 'llta t.a.·-.-111 .... • '-* (4.o. '•') 

" .......lat• ....tft• . ft .,. .. ' . ad ...... 

,_ ....... . ' ' :a.l•• ..... -'" ........... '• ••t~ 
(2~ IP• 68- ·68$) • 

........................ .,t...,....., , ... .......~data... .

;................ - ....1..... ,. ...u tvp ...........,. • 

-...ll•t .u.. -~ ...., .... tf ...... . tt. "' ~ 

.......... ..•• -ll. ........ ... ...u ..,...... 
1Ne d 'Wr t... bt-..1 -,,••..,.. a.., ..a••.4•i4Mi 

• ....,,_., 1.-1' &a • _..,. .-... -. ..t ntlt. al••- s....u..~•• 

, ......., ~- .. '81..... (11,. •· "'"""'), .. .fU.. ,....,... 

..u,.. _!!"' ...., ....... fOJ' ~ • Otill>lO • ..,o... ON 

.- -.Pls.-.•1• b t•l" the ..U'J-.:tt• .t tldV.o· _.., i.taehl$

.t• a. ..,_. _.••-... vld&ll I• Wit 1o pat •• • lf'l• •Wlu to 

......"'' at '- ledtloa.••• (?. Plh tt-1GIJ). 

' ' '• Jtlc\'IJ·r 4ttt-'l' te ._. •'1• .._ 1t•• Use: ll•tvt..-1 

_,.1'lf7 et aotll.al ....._,... U.a.. • tw QtUleklltau~ the 

plle •r _.........,_ «lJ'Gd.. lJl ~ ·W te1.-.lato• .,. •· 

• u•lftdal Uu ..,. •fTf .,. 7 ·U• · ftMVt." a. 8al l.ip

http:aotll.al


••,.. o1tM17 tle •• •.-t1oa• t1w totUr llat fo>t • t>tata lb• 

i_.h. tl U. anstioW U•• lt " \t ,...UrtMl t. 1\lft fall' 

tlfl14,..len ._ a Mel 11u to~ • db ..,.... et ll'tftUUlft, l' the 

._. •• h w. •' .-11 ...u.......w ta ••n••· .._ • 1f.M 

...,_..,. tf cU•$rt."-W· _.._,, cl'IN • ,,.. ~8Hil"-'toa •I • 

,_11U. •• ... f~ •l7• S.b ol..Ut • ._..,1.. "*' ef • ln

PI't• tutn ·f23. p. 1?9)~ tta. t!tW.Wtl.... of tu •rilft.•,.l tt.•
•s•as.alt... \0 • .._'-ltta• wtu \IJ '*- t la_.r oa, ••· '' la 

to \e .....int .._,. 0.\ lt \M _.• ., .,. ...ti-.. ...a to 

l'tJ~Milt a .-,111M t• ...__..t wt-.ttf.ld•. ••• of 

...u........ ...u., ,qA -.11• .. t~W "" ... u....a, ... 
antttelal U.. apptM... • ._., "P,__.,.._ tf t:ta. nal lt.u. 

lut. \U ~·' of .,_ ...tt.Mt It 4\eout.a. .at .._ 

......_... ._....._ th al'tllt.obl. all4 \1w ae-.1 VU.•t•at• lla• I• ..... 
.........,. 

••. 1$.ae ... ,.,........ de. .,...Tf•,7 ... ,, .. (28, 

pp, W•U)) ~ 

_. ~..-... , ._ ... '*" ._. .... ._ •• ta• " .s..a.,.n••· 

(..,••-.1~ , ......._) ·- .. nw " ....,. l• .. • ...,.., . 

.......... .. ... --- .. ·~- ............. --
,..,.,. ••' sa ......, ,,_ ... ••• •I n.-. t1 _.-..,, 

nlal.U._ la •r.t ~ ,.n•ettoaa ll"'tl a.. 1...,.,. bl• • 



1? 

..... ,.. 0..., .... .., ..... 1•..... -.paol....!l lt .,. ........... 

••,. •tt.,.~ tJ"M Ita ll•trt.•te4 _,..ttr. u. • ntat • .,... 

fteat ...U \e U'•lT nn..'-4. Smt'I'Ut 6.1 ,...._-.... oen 

.., iil_,. .-Wa • •rkta t tf U•tl'lnW -.,aott7 .a 

~·" -.- nn. .toa •t • •ftlrea-t wt.11 a.pa& .,... tU •••• 

t~f ... Uit'UWII• h tM ~ 4lttri'llate4 ..,.elt.r. ltao• th!t 

U1trl"*W • · ,_,. •t U. toUt lt • · 4Mtcul ftt ....,_ .. a 

"Rlt •t »taiba"'" Sa a •U, 11 l• a .-. Al' 1..1 . -. t.-,. 
., "'-~-'ltl~ u... a. ...... ftftl\bc lnll • ,,.,..., 

lalpnoe& .,_a l: liM tit\ •t a ..,.,t.pllt1W ef n.pn

'-.Po•-' at1•ttl_. otek tea U1Mri tt ,._ f.ta •mot f9at. b 

t.bl.• ...... . ..., 'hiH ...... ~ ~ :11 "*" 'be llu •• .,.., ~-

thi. .... 11 11at ftf U. UttnkW ...-s. • d.l ~ lt. ta 

t:Ur awl( ..,..,..,.._ MflMttou, lt •• ~ IMlft)le te 
...,. • arU.ti•S.t 11M I•~ vhloh bfte · ._,..1'-•• 
.,.. lattaawt .. eotaW •• .tl pb.t• b. • 1tatiu ...._. u 

~ .._. aotull, the t*M1 lbe• (8, PP11 80)--82)}* 

~ ,..... ..., .......... x..•l ....,. !Mia•l.e• 

• •tt.ft.tal ............ u.. y •..,. ..........., .......... 

a.t.t ••b.• _..t.w •* uat•U wwa& »w.. "- Utf• t Jere" 

o.t "'" ~- t.... ..._. wblt.Bc. • 1M -..1 tna •t ~--.Aeuft 

UtlMtPlct l*P••· ..~.. tl ,...,.u J>I'O.SU... • .. .. .. "-' 

aU IN 1.,_."" MlUNf. .._..~. lh1• nftlt.a b • •tl -..,_., 

....s-. •lt•fttlr Al•·tn•w ~- -. ..,_'"" ._. 
to~ "" 4erlY94 '\o • .ltl&lah W• ..,........_ fe-. a ~a 

http:J>I'O.SU


18 

toll. _. Ulil 017 •M:P• ,..,. ..._ to __,._....., tk ·•11• 1dthla 

,....~...1.,..... e. . ltr 41~ UN •tt•tt.• \e .a 
bt.S.oat. , ....... aa k k &\1• • knt t--.•t.aaiea 1bl•• •t 

' ' .-w'lal ·~ at1...... ,.., ... *• (8" ,, 80)-62,). , • ., *• 
pteJ•ot, ..tlttao•q ,.• ._ ..,._ •l'-'•et.,. utM o., aner;, 

'"" h .... ......... latf• . 

M . \ tid 7Mf1...1t• -. _.ts.tlld.$1 tnaild.••t.a ltu l.t 

..-.s...-t•t if ..~ \ft1l•l••t.ta •• ... ,....._.... .. &1'Ufi4Ut · · 

,,.iaU•l • u~.. t• • 1....,... r'l ·'-'· lt a. • ._.tt tJ'efi.\1AmV 

ll nMM tr.a '*'- tpe8tiac t: uut "' tlle Ut~•• feJ' tM 

4lfft-.l r...-uot• .n '"" ell&h....._ l• •'· u.. .... lil 
p•••,... ... ld&b t~.... ,_,11 , ...... of ·\h ~rlo4 

•f .,_ t\ltll. '•• · •~ ••Ua\lea ol b.t4\ t ...,. cre.110: 

,.r.:ru, Mei!U• •t -. •'".!> .....,_., •• ...n••• •t ~ 

tNt.•..,. o e\ttlc.l•l 11M the" l• a ••rW. 

...._• .t p•tlM.lOlt, • 6f the: tu.l !da4tu•--.. tuQ 

.. eaoh •tl Qc l.._.a. .ttl~ ••u•. 
,, •••, b.... \o ....~....., ltlJt ,,.., t.• ..... ta\ll'ell' 

PI t la a..-t.tf.et.l. 11M -.11•• ~' ,.., 11 cOl'-~-· a-.. 
"tul ,.,......., .. 1 • &t htth•r ,,..... • ., ·•~ ot ..._ 

..,.. -...... .t .. ,..,.,. ........ •t ·- ........... 

$lUj \tt. l ·tdac _..,. •• V..t••S.. 1J•• Ah et •rt 

hJCJt. .-1-... - -~·· ...... *-• , ......... t - ·u. lb.•• b 
• rifiat.t7 •t 11.& \\rd.aC .,.... eo_.. t..U ._ ., · -..a 
Al•-~ \he ·tep of t1Uf .... •• lt »~•" ato-.r • llu 

(l. P• )6). 

http:rifiat.t7
http:ft1l�l��t.ta


19 

....... .,_ ._, othet Mf.Jlor l••••• ta tlt• aotu.l \Ditltldlatcnt 

lbta. aot· ._.,17 e..-tatt« b. ._ l.&'bt:t&ie,-, ·•• tlut .at'ttfJ.otal 

l~•- !b.•• X••••• tn41UAe 41e1eo\rtc lot••• ta ~ lala.latloa. 

1'UlatloJl lo•• e.t wq h1ch t~ueaet•• or fo· tttep ._.,.trea• -' 
1....... oYer \htt a..l.a\Ors., 

,_. -. a'btft 4t••••,••• lt t• t'al te appal'At tQt lt t• 

bilo••lt.le • ••lt.M· a ll;a• •t.th ,._., tleotrt•l •~~l'l••t•t 

of • real ltu • ..,, ft~ ·\114t rta1 U.a• le \he fttl4 t •••lf'. St l• . 

· aot. hewe'HJ'• the l'VP••• ot thi• proJett -. 1\rlw for ezaat np~ 

4u1toa o~ ._.,.....1•••• u.u-. '*' ou.lJ' to t"'-b-.. Utt•l'h\ 

»hili'*•• ttith &JI»ftd.•tloat. 

Aa att...,t ..,.. ..... to lllak• t1le patue\ert- (l. ltr C. -' G) •t 
the uottf1c1-al 1t.ae ol.o••lr ~--•le· O.O•e of a pl'UU•l llne. to 

ott.t a paott•l •••• thtft lt ;••oo1ate4 vtth troowr AU. ·• •-.n•~""" 

.,••,.. u.i.. •JJ>rox$1lat•. lf ,,, .•u.•• .1... a. li"Ustdaetoa 11~· 

v.... ·a 795,000 1uoul.u d11• ooatutot with ~paoS.-. ot 2' I••'· 
'betveo. ooaboton ad wtlh ~ "''lh tt••ter of eoaAu,or ••lnc 
1.108 :laftd. !he ..-,.._._,,•.._, tt.-•1•sloa 1uut iat it• 

pa_..w• •• t•li.wet1 

lst-.n, ... c•• Ola•• leotuft• a\ orqoa ••• fo1l,ef•· Oot"t'allt.•. 
o...,.. (19,4). 

http:bilo��lt.le


r =o.115 •• ~ aU•. ..u wln 

1 :; o.~u' b.tUr »•• ...1.. ...ll 1fhl• 

• * o.t1)69. alorttaRA ,.,. •llt• ..- .U. 

c a: ·o 

J. little ---• .-..as.q • Malca ot •• ..Sl• "'l.l 

b.UO&H U.t lt la ._., ...-llft .. vb4 -.11 Otl1• w1Ui "ala

••• ....,._,1• k a&t tf aa _,.-.,. UM. lt l• ....t_. ... a,pp._. 
aa ... ~meat nn•taa• .us.u-. _, Mk1a& a oot.l \tccer, h.t thea 

(u -. ~ ha p.t1aW •••) o• ·4.nU:W• t..riM:r fl'M U.. 

repntntatba ot a uRal taa•S.••t•• 1tu. Jttnowl'. tbe rtata

taMe ef U.. U.. t• aot et _. iaporiaa" tor • s..pllae lt..-a. 

•• at'-atlaa -. to .-s.•'--• l• •..cU.ctJJ1.• .. o~ to u.. 
..,..ttdt of the ~.. .u ale• 1.a a..,.rtaoa to tM nftuua.. 

•• ~ 1s. '• a........, • .s..--h.. a. .....m '""' t.• •• ••

at..r ea]fo Ult t.M•u.a• .a eapuS.._.. vhe U.U.C wlfll .._ 

hr tld.t u:p.n.at tU ~·• •I tM eapaeltoft: •-.lla)J4 tor

. • ~" .,__.. a •••roUbc , .._, for \ho a.w-.u.a of ,,_ 

••*S.• 1...-.. at.a•e bq von G.Ol 'd ,_..,...,..... tWJf'thlJaC tl•• 

~ to 1ta pl.aa.e& ..,.l"Abcll'· !Jlt pM8MM" Pft14 " aa toU.ew c 

e =0. Ol ldtm»fatacl ·ptr ...u.a ..0 wtH 

1 • o. 001.'.5 h., '" ...u....... wlft 

r • o.OBil ohll per eeo\loa .aeb vUe 

tile •1-. of tW ~it et~qoa4 •• a aeo\lea ol l.llle 

~P.P"xi.M.\elJ' 0 ..73 alltt leq. 

http:u:p.n.at


....•:2, 



I i
 :

 
I 

i 
: 

: 
~ 

: 
l 

i 
' 

·_-
1 

--· 
~ 

~ 
i 

I
f 

r 
f

~
~

· 
f 

, 
i 

~ 
. 

:: 
. 

.. 
. 

i 
It

 
, 

.• 
5 

J. 
I 

;"
 

• 
\..

.a
 

• 
fl'

l' 
.cr.

 
,

t 
I

I !
 
i 

! 
J 

i 
~~

! 
! 

; 
~, 

~ 
' 

r 
,· 

J 
·.• 

.. 
1

. . 
1

.. 
,.. 

.. 
. 

I 
~
 

3 r 
.... 

• 
# 

r 
I 

\
..

• 
.. 

~ 
• 

• 
' 

a 
l 

¥ 
J 

~ 
:1 

~ 
r 

~ 
rc rs 

e 
i. 

'-
I 

I
f 

... 
,=.

&:
 f 

r 
E

 ; 
r :

 ! 
, 

i 
~ 
i f

 r
 ' 

P 
~ 

1 
It

 
~
 

.. 
f 

a. 
=

 !
 

.. 
=41

2 
·f
i
a
l.

 '
! 

.f_
,f

ff
,!

l 
:~

 
~ 

. 
=

' 
)
4

.,.
., 

o 
. 

. 
..

.f
 

r 
c-

~
·

• 
•
. 

• 
• 

-
.. 

,. 
a-

. 
"' 

~
f.·

 
I 

-r
!

~
 
~
 

a 
~
 

-
..

 
. 

~
 

~
 

• 
I"

 
I 

•
I . I

 i 
• 

~ 
~ 

I 
f 

I 
• 

: 
f 

! 
. 

. 
f 

~ 
f 

·' 
s 

( ..
 .. 

. 
~ 

l 
· 

! 
~ 

, 
I .

 ~ 
· ,

 ~ 
, i 

, 
~ 

'. $
 

... 
.

i 
_ 

r: 
• 

o 
. 

;:,
 

• 
·· _

 
W

 
~
 

. 
f 

a 
I 

.....
. .

.. 
.
.
.
.
.
.
.
.
 

$
'

&
 ! 

! 
f _

 r 
~ 

• 
~ 

i 
i 

£ 
~ 

I 
. 

e 
f 

. 
. 

J:J
" 

. 
£

_ 
11

 
!'

 
I 

~. 
~ 

e 
I 

1 
r 

r 
.. 

. 
~;

Ir
a 
it

 
I

s. 
I 

I 
0 

i 
. 

• 
. I

 
It

t 
..

_ 
• 

I· 
.. i

~ 
r 

5 
· ~
 

• 
; 

• 
· 

~ 
~ 

~ 
! 

t 
1

r 
~ 

· 
, 

r 
~ 

• 
• 

• 
J 

i 
e 

f 
~ 

~ 
t 
r
'
:
!
 

i 
r 

t 
·. 

~ 
i 

,; 
! 

'··· 
r 

t 
,. 

e 
~ 

f 
. 

i 
·, ~

=
,

·.
 

. 
·
·
.
·

5 
. 

i 
.. 

i 
' 

,. 
~ 

. 
J 

~ 
a 

'· 
· 

1 
· i

 w
 e

 
·r· 

~ 
-

a 
=

 
.-

e
l 

~ -
~
=
a
 

. 
t
f
 

I(
t 

l.
 
~ 

: 
f 

~
 

5 
9 

I 
. 

!'
 

! 
I 

I 
! 

. 
! 

" 
• 



l 

tf -. .u. the ,ro,l• tt _, ....,1•• wha -. 41•\n-..\M. 

..,..Ita.•• la -. '- taod It~ a .U.cll..... . ••· o at\ -· \ ,.._ 

\He ..._ .._ • - 1.&b ._, , . 1-. pH\1.aJ »nw,. tt -.. ta'-•tbf 

*• •'- -. "'-""•• •I o. ee:t1 ,._.,._ (ootl .-) ·•' '- utt.,... 
.., ~~-... • ....,.11•"' '*' ~··· ....,.1 ..... hb - ' 

JJ~J••... • •nac »n«ce _.,. m- • {t,.q ...-,. -.o-
ItO Jf. 0) ., Ul1.tM. •• • ,_.1'1&1 ~~&to a-.tat4 tsc-1 --.-. , 

the •••••"• ·.t a. au s.' • e0l ._,o ... A .._~« ..._.1•U•• 

,._.,,_,.. •14111 (~-.- ,S.SO 1 ..0- ,, MAl). '- JMAbd 

..._,__ t.... .. !¥b. - ' ~ ~. • ,. .... b .,.. 

•t . . ..... .. ........... ..,. .... ...... - the 

...-tma ••n• '--'' e.t B au r. ·~ o. Jl.ctu'n & ..,. 9 ftl,...., 
the ~t.• · b4u or ~roPM1 . reap..ttwlt with Qli 

,.,_.....,. l'UChc troal$0 ldlt.QJ'-tt• to'·' .....,.1 . It t• 

bteN•tJM , a M Qa\ ••. ftU._.. ptf.at ftGIH at. • 1Nt110t1 

IIJ!PNdii&Wr 1 ..1 • .....,..,...., lel-. *- toil _.u 
u .. tl.tbiatlft of. · · t t, ybtl• at t · •l•• h._.~ ._ t, 

.,u,,, \Hiae a _,.ottt.,. ot.J"td • a. 1"Hla._.. •' -. ,.,~, •f 

~.. •llnl4 -..r.ttallJ' 'e Wlalte., ,_, .,_, •D41\to l• 

4Ut1.,_t • •• ~rlattl.tallta ~sn•.,... •• .1.1 • ..,..1.. (approxl

....lr W. ,.,.,_•t ,.......) ftU•• • t• et \U ._lhb •t 

1ft9.ooo ..... AutMr toht ot bpon•• te '• llOW ~ tktt•• ...,.. 



• 
l• \ll• ,,...... anQ4 * pet.at el ,..,_..~. a. ooll wlll ttt.u 

._, ~ 1. .. ......_ the sat .t ,...,..._.., vhllt '' .Ul .., 

...,.,....., .. • ,,..,...l.." .... tl, ............. 

l•t - • ,...u.l ~--· •tredt. 

e. ...._ .. aA •t.•W.• · .._ oeS.l• • . .._. taft.~ 

' ... 1 ft.,..tlftlt· .. t .... ,........... ... • ............, 

lGOO qe1• ••H ........_ • a haeal ~- fr»• 6$0 - A ~· 

~~~· • t tt "- hll••la• •olle YUlM f..- U",. to V. wbll• 

1•$ ._ 8.J t•1' ._ Wf ..u.,, 

ttaa -.paol'*'• •'*-. tea uttci tor thlt •-•••tu 1w 

t• •• la 1~ 10" tM ..,_,~.. (aha • s.•n) ....,..'

..,.. .... • a •'-1 U _,.o.it.r l:d.4&e. 

tta. ••l'S.Ia•t •• ~ .... )y •taa ~a~tttt.t•1 

t....S.•IIia lSU. ...t•U.C •t 1,. hetf.oa• ..-. · l..Uoa la 

H,pNH&W liJ' a A-1.1 aa4 a q.paol\ot- V.. tal I lleba' •• elWl•• 

"'*' _. ••tiu it aJPIUiaa'-11' O.f:3 all• lt-. (ttefq te * 
oi,..1t U..,. If f!pft. U). 

lt l• ••SJPl• u ...., u. eot.l•.., 4&PMtt." 1a eJt • 

......... - .., ...,. tM ..........,at-. . " ~ ........... 
·•l•el• u.u •t ~u., ....._-.n•U•~ Ia otbe» wt«•, 11 

...._...,.. ..,. b.elw.atac r,. o.. .a. .~ • -....s••s.. u.-. 



2·0 

1·8 

1-6 
. .(Q 

~..... 1.4Q 
:11

.s..; 
.-t,.... 1.2 
r-1 . 

J

I'"1:: 

s:l 1·0.. 
~ 
I ) 
;.., 0-8 ... ..., 
' :.> 0.6

't:! 
..... 

0.4 ~ 

0,2 

0 
I 3 5 7 9 II 13 15 17 19 21 23 25 27 29 31 33 35 37 39 42 

Co!1 nun1't ~ r 

F1g. 6. The ind1;ctE'.nca in m!l llhenry~ at 1 
artificifil trl'msr::iss ion lines. 

kilocycle per secor.J ~. coU number f0r t!-.e 
~ 



0·8 

Ill .. -·c 

1-l 0.6 
¥"1 

·. 
(.J 

~ 

•
<C 

~ ()-4 

0 

~ 

0•2 

Q I 

1. 0 .....-------------------~-----l 

IT-I I I I T-rT T Tur-r T -1 T I I , 

111111111111111111111111I I I I I I I I I I I I I I I I I I 42 
3 5 7 9 i I 13 15 17 19 21 2~ 25 27 2 9 31 33 3 5 3 7 39 

Co i:. r:.ur.~ t.•r 

Fi.=-. 7. 1":-.e D. C re !'is tance in cb.--r.s vs. the cc.il ril4n't !'c ne a~· ·. n~! f l trnns1dssicn li':es. 

~ 



27 

100,000 

c 

. 

10,000 

) 

\ 
0 

I1,000 I \ 
\11 
\ 

~ \ 
I \ 

c'f "\

0'
I )

( \ 
0 

!'.... 
............. ........ 

1"'--~~ ) 

~ 
100 

()55 5'0 IQO 
lre~uency in megacycle~ 

Fig. 8. The reshts.nce in ohms vs. frequency in merr~cyclec 
for coil no. 26 (grsph on page 2.5 ). 



F10 
~ 
II) 

,s;!.... 
rl 
rl .... 
s 
.::1 5..... 
II) 
() 

~ .... 
() 

;l 
'"0 
~ 

H 0 
(}5 

t.O 
~J 

"'8 5 ..... 
0 
J... 
0 

¥1 

~' e 
0 .... 
s 10 
!i 
'l) 
!) 

~ ..,\j .... 
0 

~ 15 
\1) 

0 

17•5 'i'ig. 9. The inductance in ,-nlihenry- end. c~u:.c1tEnce in :de O'"~~r.-..f r!ds vs 

1 
~ 

p 

~ 
IJ 

~ ~r

5 I•~i l l"req11ency 

i0\ 
:in 1•'.'"' 50 10 0 

.

\ 
_.._ \ 

\ ~ 

~ ( v ~ 
. 

~ _... v I-' 

I) 

~ frequency ln r+gacyc:les for coil #26 ( e;ra~·h on pagE> 25). 



I 

~011~-----------------------------------------------------------------------------------------------,-, 

o,o1o I _ _ _ _ . _ _ a a a 1 1 I I I I I I I I I I I I I I I I I I I I I I 

o.o o 91 1 1 1 1 1 1 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

i o-ooel I I I I I I I I I I I I I I I I I I I I I I I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I 

'"' :
(!) 

o.o o71 I I I I I I I I I I I I I I I I I I 1 1 1 1 .1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I I I I I 
(,) 

~ 0 ·006 1 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 1 1 1 1 1 1 1 1 1 1 1 1 

~ o.oosl I I I I I I I I I I I I I I I I I I I I I r I I I I I I I I I I I I I I 1 1 1 1 1 1 

or< o.oo41 I I I I 11111111111111111111111111111111111111 

QS o .0031 I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
0 

0 .o 0 21 I I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I I I I I I I I I I I I I I I I I I I I I 

o.ooII I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

O• I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

3 5 7 9 II 13 15 17 19 21 23 25 2.7 29 31 33 35 37 39 42 

Caunc1 tor c-.:.mb 

Fie;. 10. The ee.pacitance in microfarads at 60 eye :. es r .e r sec ·;:1d f o -:- the art.ificia: trSllsdasicn 
lines. 

~ 

q 



24 21 22 23 25 26 30 31 32 33 34 35 
B ' , oc 

41 40 39 38 37 36 18 16 15 I~ 13 12 7 6 

Key: 
1) One section of a line represents O.?J mile of an actual power transmission line. 
2) The charecteri~tio impedence is epproximctely J30 ohms. 
;) Fer the valu~s of the numbered ~epacitore and coils refer to pages 25 and 29. 
4) The pointE' CC are the junction points for the transmission lines. 
5) The poipts BB or AA e.r~ the inputs 
6) When tte impulse wes applied at points AA, points BB were terminated in Z0 and capacitor *14 

wee disc,nrH•cted frorr. the line. 
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a) The sending end voltage for b) The voltage at section 1 for 
the full coil. the full coil. 
Total t Total time - 100 micro ...,....,......... 

c) The sending end voltage fur d) The voltage at section 1 for 
the half coil. the half coil. 
Total time - 100 microsecon~~ Total time - 100 microseconds 

e) The sending end voltage for f) The voltage at section 1 for 
a capacitor. the capacitor. 
Total time - 100 microseconde Total time - 100 microseconds 

Fig. l? . The voltage waveforms along transmission line fl (figure 11 
vith the impulse applied to it through a full coil, a half 
coil or a capacitor. Th~ transmission line fl vas termi
nated in Z0 at points CC . 
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a) The voltage waveform across b) The current waveform through 
the full coil. a full coil. 
Total time - !" Total 

c) The voltage waveform across l) The current waveform through 
the half coil. the half coil. 
Total time - .Soc microsecond-; Total time - 6oo microseconds 

e) The voltage \-Te.vef orm across the f) The current waveform through 
capacitor . the capacitor. 
Tbtal timP - 100 microseconds Total time - JOOO microsecon~~ 

Fig. 13. The voltage and current waveforms across a full coil, a 
half coil and a capacitor when a standard 1.5/40 micro
seconds impulse was applied to them. 
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a ) The sending end voltage . J) The sending end voltage. 
Total time - JO microseconds Total time - 100 microseconds 

e) The voltage at section 1. d) The voltage at section 1. 
Total time - JO microseconds Total time - 100 microseconds 

e) The voltage at section 2. f) The voltage at section 2. 
Total time - JO microseconds Total time - 100 microseconds 

Pig• .L • The voltage waveforms along the transmission line with 42 
sections terminated in the characteristic impedance. 
The impulse vas applied at points RB of figure 11 . 



40 

a) The ~ltage at section J. b) The voltage at section 5. 
Total time - 100 microseconds Total time - 100 microseconds 

c) The ~l~e at section 10. d) The voltage at section 14. 
Total time - 100 microseconds Total time - 100 microseecnds 

e) The voltage at section 28. f) The voltage at section 42. 
Total time - 200 microsecondt' Total time - 300 microseconds 

lig. l) . The voltage waveforms along the transmission line with 42 
sections terminated in the characteristic impedance. The 
impulse vas applied at points l3B of figure 
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a ) The sending end current. b) The current at section 5. 
Total time - JO microseconds Total time - 100 microseconds 

c) The current at section 10. d) The current at section 14. 
Total time - 100 microseconds Total time - 200 microseconds 

e) The current at section 28. f) The current at section 42. 
Total time - 300 microseconds Total time - JOO microseconds 

:rig. 16 . The current waveforms along the transmission line with 
42 sections terminated in the characteristic impedance. 
The impulse was applied at points BB of figure 11 . 
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a) '.i'he sending end voltage with b) The voltage at section 10 wit ~ 
line open circuited. line open circuited. 
Total time - JOO microseconds TotP1 t ime - microseconds 

c) The voltage at section 14 with d) The sending end voltage with 
line open circuited. line short circuited. 
Total tlme - JOO microseconds . ~ntp1 +1~~ - ~330 microseconds 

e) The voltage at section 13 f) The sending end voltage with 
with line short circuited. line terminated in Z0 . 

Total time - 200 microseconds Total time - 500 microseconds 

Fig. 17. The voltage waveforms along transmission line fl with 
different terminations. The impulse was applied at 
points BB of figure 11. 
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a) The sending end ·voltage with 
points CC terminated in Z0 . 

Total time - 100 microseconds 

c) The voltage at the Junction 
with only line #2 added. 
Total time - 100 microseconds 

e) The voltage at the Junction 
with Z0 only. 

2 
':' ::~tal time - 100 microseconds 

b) The voltage at t he Junction 
with Zo termination. 
rotal time - 100 mi 

d) The voltage at the junction 
with lines #2 and fJ added. 
Total time - 100 microseconds 

f) The voltage at the Junction 
with Z0 plus lines #2 anu #). 
Total time - 100 microseconds 

Jig. 18. The voltage waveforms along transmission line fl and at the 
Junction CC with different terminations. The impulse was 
applied at points AA and the line at points BB (figure 11) 
was terminated in Zo. 
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a) 1be sending end current with b) The current on line fl at the 
points CO terminated in Z0 . junction with Z0 termination. 

- 00 microseconds Total time - 100 microseconds 

c) 1be current on line #1 at the d) The current on line fl at the 
junction with only line 12 junction with lines f2 and #3 
added. added. 
~~ tel ti~ e - 100 microseconds Total time - 100 microseconds 

e) The current on line fl at the f) The current on line fl at the 
junction with Z0 /2 termination junction with Z0 plus lines 
only. #2 and f'J. 
Total time - 100 microseconds Total time - 100 microsecond~ 

Jig. 19 . The current waveforms along transmission line #1 and at 
the junction CO with different terminations. The impulse 
was applied at points AA and the line at points EB 
(figure 11) was terminated in Z0 . 



a) The current on line f2 ~) The currant on line f3 
Total time - 100 microsAconds Total time - 100 microseconds 

lig. 20 . The current waveforms on the lines f2 and f3 (figure 11 ) 
at the junction with Z plus lines f2 and #).0 

Fig.21 . The triggering impulse from 
the output of thyratron 884 
for the thyratron FG-JJ 
(figure 1 ). 
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cl  geurat.or capac1 tance 

R1 - aeries resistor 
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