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î

I 
3

J= 0 -i> r3 
3

*U
 

o

|
^

 
^

S
 

^ 
C

o
 
t

i) 
±

cr
s

*•
 

^
* 

s
3

 
3

—
 

O l/» J
:- -1 " 

I-
1/0

 
iD

J; 
o

c 
a>

u o.
 

r>- ci
i
 
Sr> x

0 r

S: 
•**

°- 
dj

cc 
/- •t

e o 2

o
 

J
*- 

*"
r 

o

I o a» ô I i Z
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T V \  n A O o r i T Y o

bt soux/ed fcxA-tri/f - £\/fcM UNfcftr probtfews-
To frPPtY PHf sitftt /hOd NmThfr^vftn oftL ft"PP fffXiMflTlOUS »N

correcT ft*4$>*3e*. TV\ A-biurf TO
ftT TVie /tTf ro ?n fi-re TIM& \  6ot^iMo- A

15 A 6reAT e-irr ftiJU o?ot tJUich tvet -vowfr s^ootd -tw î«* TO
. "!>>& Cr-fcTJtvflL MeTViOi Of rtJTrt-<-KtMO- ft

is TO /)-pPtY "ptTTOrbftDOM

frre Two TVPes oV Perrvr b/tnoMS Theories
is The Tint-- iMde-ptAXtewT /t>Jd TIM& -

71M6-- iiJde^>etOde<oT ProbueMi
/hod &t eretsivAi oes c^

ft Tmfc - i w«itpeiod eivjT Hî i I L Tt) to i ftM H <*>e
OUfc uJV»»cli 15 WOT

wtTV\M AdJflcerJT SYSTEM. 5oc^ ftu isotftTtd if&ret^v c/bu
A TvAN&fnow berwefciv) s-nmoufl-rv
snvrred OUT iw ft sr-frre tohitk w/rs »JOT AM eifr^si^-nvTe- of H
MOST .Sf&TSMS /V<e WOT iSOLAT^d -h-OM TV fr tXTfcRWAl \A/Oft-d SO

7r/tN5inorJ4 bfriwerfcvo c i t f
iuvteM soboecr TO exrerwfti.tr

pro b Lews As pflvntie COLL is (OM /Wd <i6tfy ft/e repre&e-^Ted by
rcfcS. SotviNtr T^e&t* PiTObUt^i IS 0$ More
T IMfc-^fi-pe-M^HoT

TV\r

W>TV TV\

SYsrens

TO boT^ T^-Pe& oi "PeRTU V b irTJ 0 M
Thfe i c i e f t OT sepf l - r r t -bU^ hfrMi LTOioirtrJS. vUe^ we- ooriTe rh&

H m

is coMpoied Of- Two pfKT$. TKe u/flve- fupjcTio^ Tf i s
.£ e^t «

*• * ' * ' ' *- v j v y ^ « f i iwv ^__ ^ L_ ^
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The- PouT o-f wriTiMo- ooT H for The heuuKi ATOM is TO Skouj ujV»e*J
I bJriTfc $ ( X 0 , X i J ( frM Mfl-KiMfa- fl -SfaorTliftTvjd
The- j|J<itpe^>c*ewT yftv»fi"bu£s c0jjTThj06-d in/ The

M order TO ste ^o^o H l $ > produces W I $7 ft5

er let's rry fl COMPOS »rt w/rve- -JTJMCTIO^ of^ TVe -for M

Ju^A.) s Cpl CAO CpJ, C X . J

oofessfrd ft-T The prodocT -forn 'be-crwse o"f our

TiMpUTUdes. FLOfrfriM 6- ^ JJJTD TKe

Ho O^JLV OPfr^flTEb ON Cf ft>jd H. Oltf

/hod EM Are Jusr Mi/nbfrr& &o ThnT "T>tf c/^j cowe- OuT

50 ^ftT w -- e; t
The &N\&».6-ies Add i^/hite i>e

This is H \/e«.v iMPoi^TtHJT proFernes oi Seffr^ftbufc SV^Tfc-MS
IM M o r e coMpuicftred ?rot>uei-v. "H^fr K & y POIWT

sPecTruns

TmE-"DE?END£HT

I'd tlKt TO TALK ftboUT The TiM e-

bfe-Cfi-056- IT

COWSTlTUTei The U)Jderp*NNIMO

frPArr or iA)eftK tX cOt;/>ctt*
lMTfr(tfrcni4o- fietd. A TVPicf tL e^cAMPLfe is 0N£a

il4 Th tC rVOOMd STftTe cxJh / L fc /booTVier J j^ 50M 6- e*cir£-d

AT 5DHe ( ,AT£d TIM& Tht T>J O ^Y5>Tei°i^ C /tW lUT&RftC

Tp-frMs-r&i^ eToeftfr)1. The problem is TO f»trore- ooT 7V.&

''fVftT Thfe- Tr/ttJStT|OiO LAJIUL Occ^R. SucK fo* e^itMptt w o o L d be

/V cflviTV ^e-SOW/rTOfc ^O^&iTTlMCr Of M)U to«5 fMd M i L L J O W S 0"f

hfrrnoMic oscttt/rrods ooUtok cmvi inTt-vrt-cr I^/ITU SOM&-
IKI Tut- crtViTY TO utJdes-&o /tw /V^-sorp-now 0~f A
Perhfty<,
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TKe reAsoi-j *A/& ujfri^e successfot IM 6?u n~»M6- oj TVie
INTO TWO PftiTTS c/H^€r fypri AT>DINO yp T>»e TWO
TtVM5 ^a, ^d ^A^ w ^1 c^ co '^""tlKlfrd cross
were etyufrL boT" oppostTe IM 5ib-/^. Therefore TVie
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A Z T 3? •̂ "D O •x 5 ~n o 2, î 5? -c t1 t T^ o ? f? X •o Pt- =p f ? f*

i 
*-

r\
" 

r-

E, 
,

" 
^1

O
 

.
o Z -i

*
7: 

..
z 

§
!

 f ! 0̂ 5 * i 
§

•* ? £ 
i p 
5 2

F
 

T
*^

 
•

r
 
o

f 
2

* 
3>

•11 ?•? (T
1

;* ? ^ ? 
°-

3
. 

^
(̂

 
0-

i 
a

IT
 

^

5
 

^
5 

^
? 

5 n £ 
? -i z ? ?̂ «•? ?

/\~
 

*• * -^ 2 
«*

? 
°

n>
 

c. ft
o -t»

 
O ft

«- 
z

C«
 

-1

?
 

.̂

o 
S

^ ^
 

3- -c

? m -o O <r »- ?j V OE
) rr* 6 3 z <T o O
" M n c •^ Ô- er _^ 3» a n o tl r 51 2 o 3 o X

IA r- o £ »— -c 5»̂ 1 
* 13 o cr 1 v\
 i c ••v •£ i T 2 ^ a> •̂ T 35 (- 3 o 7> *C" t̂
l cr T1 n 3> Co ^

- 
C

r.



z o P o 2 1 J 3

Q~ ^ e-o '« - -
o

A
- ••o

<U

T) I
) 5

•j

IP? <U
-J

••

u 2

J i i •t 3 _) cr :>
tl A
.

P "2. OJ

• •° > *&

Q>

t- 
•*.

yi "\~ o < :

0 V (. w. OJ h V? li O O

o — •J u> 
_

-o
 

f f-
-i 

5
2
 

o

^ •? 
H

•3 3 
f 0 •3 f- j: i

«
 

?
 

. 
^

£
 
€
 ̂

 
*

t—
 

L>
 

_ 
~>

vO 3

*!>
 

? 
?

: £

1 3 P

- 
3
 -

3 
-f 

2

,4
- O u z >

J 
J* 

J»
^

 
- 

OJ
-*

(£
*-

^ 
2

 
- >

P 0>

ft.



Co

Q
> cf- o c -\ T. P- a s o f- c/\ ^ f> 5 VJ JL <T ?~ <T

\

-0 3 s s £/
v

*̂
 i
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, c

0_ -t> p~ 2 O
- J) ns X — j T <T T -^ *~
J O 7L £ ? _i ? <T) Q. T
i

r- 3

^
 

*
 

</»
*/

* 
—

5. 
£
 

n
1 

T 
*

:*> 
z) 

£
tn
 

T
 

ff
\A

 
C

*

3 
r
 

a.
 

rn
 

(M
 

ft
 

v
)
 

tA
 

<
- 

_
 

-\
 

$ 
?~
 3

 |
 
f 

f
F

- 
*1

 
3

 
f

?
 

?
 

ft
<~ 

' 
*•"

 
c-
 

c
 

n
tr 

^ 
t 

- 
=P

i 
r
 

-
 

^ 
<V 

a
?

 
»"

 
-H

 
7
 

^
i 

j 
"

 
^

 
.̂ 

rr1
* 

fc
 

o-
- 

^
 

s-
 

^
j 

• 
i

 
^ 

g>
 

z
* 

o
^

-
^

' 
_ 

^ 
9

r
 

' 
?

 
1

*
5

M
 

£ 
^ 

m
 

^ 
^ 

^ 
3* 

3 
n 

n
Z3

 
5-
 

&
 

«' 
'

•̂
 

"*»
 

r
 ,

"
 
^

 
*

 
$•

•r
l 

-x
. 

J
\ 

-J
>

E 
t-

3
 ?

 
"

** 
^ 

°
 
r 

^
T>

 
X

 
P

° 
'

 —
 "

9
 

ii
 

C
 
*
 

"t
i

^ 
1 

s 
p '

i 
- °

 r
 *~

r
o

 
?"

 
J

 
?
 

^

^
 

Q
 

r
t
* 

S
 

M
-

%
J 

H
 

fy
 

/r
 

o
5 

Z
 
^
 
^

 
i' 

w
*»

 
^
 

T
 

H
 

J
1
 

,-
^ 

I 
m

 
9
 

3
t,

N
 

i
^•

l^ 
M 

3 
° 

c 
d

^ 
^

? ^
 r h

 ? ^
 s

" 
,* 

M
 «

 5
 
^

 £
* 

" 
° 

3 
1 

-°J
? 

-
5 

~
1

 
S
 

^
 

T
 

§
 

1
*1

 
-

1
 

" 
?

 -
o

ji?
- 

^
 

^ 
f
 
- 

- 
"1

I 
?

J 
'-

'S
- 

f 
^

 
?

S
 ^

 
., 

^
?

0
-

,
-

l
c

 
' 

fh
 

[ 
-

 
^ 

3
 

^
*

r
'

c
j

;
[

^
^

t
t

-
r

j 
m

^
-

>
3

^
 

5
 

' 
f

^
^

I
f

l
- 

*
P 
- 

^j
 

•* 
:

P
- 

T
 

(
s
jl
O

 
<

~
 

^
-*
 

*
 

^
lo

^
 

<
.- 

Si 
*I

L
_ 

:
CA
 

'I
 

* 
r

"n 3
- 

Cv
 

I
rk
 

l
 

*

$ 
-1

o 
^1

-0
* 

i
 *

1^
4 

^ 
°"

" 
^_

x 
-^

?
 

T
)

3 
.I0

T 
r
 '

4 5 r

? 
r 
i

 T
 9

 o
C

" 
rt-

i

- 
- 

^ 
9
 

c
 

*"
*• 

-j 
£ 

£ 
:̂

i
 

-c
 ̂

 
—

 
—

^
lo

-
 

i 
o

 -
)

!
 £

 1
 * 

o 
< 

T
7 

f^
 

1
 

*•*
 

«.
S
 h

i 
*^

 
r-
 
J

V
--
 
1

 f
> 

_ 
0
 

^
 
J

$ 
? 

?
3 

^J 
*

??
:?

21
 

m 
5" i

^ 
2 

2 
=»

* 
? 

t 
-h

* 
(* 

1
 ^

r-
 

—
 , 

-C
 

1
T

 
71
 

^
 

n
f" 

o 
r)

-H
 

C. 2.

- 
-^

J-
 

o*
0>

 
C

z
J" o I 3 (S

* z
X

 
!̂

•*
* 

CT
1

^
 

<? •̂
n

 
2>

P
 

5
. 

U
 

Z

°
 
rv

e

t
 

rw
l«

, 
o

1
 

T
1

no
 

^ ĈO
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ttMS of Q £ £ > ; Keef^o- 5-rrflitrKT 7>»e worfiTlOM is ft
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oi/er ALL nodes The. tt^o pOi^T fc>Jfr*"(ry (5 l^-hhllT6. To NA-Kfc -TV»e

is fj^rcesSft^-V TO cur oft of The T^e^ueAJci' vflvfrt iw ihJ
lA/ftX. This is The -hrsT JfMprOrJ 0+ i)JTerM(Vu

C? & 0.

The Aroh TO be m A>i ewornous
flrvAMV Hodti of The n îiimoio r»6tj. The b^ 15 tfrR-6-E

u^orry ftbouT R tf LecTiOtviS -frOM The Si

HOd-e IM Tke. F(6Ld unit be Modeued Ai A
!4ic OSCILL /VTDR.. EACH no<At ^HL b«£r c

TWO itOdiceSj \K,y^M(i I , \K dtiOOTfcs TKe ^Jftve MOnbtr of The r-ioje
"^^ ^rfrre of Pot/KilimOM tAJhich is e»T^ei^ up

Z vfl-t^es oi^tY. The diSL^cti-itiOT of The
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hfts so -km. ftpptfli?,£:<i TO -be porrt SIMPLE

ru/ftrd IS ,o*i TV\ GONtr/H-*, qjitfc 50bTt

we e*press£rd A^; uj reri-is of The -field O?C-//)TTORS

(X* iAJfr hft ' fr iNTrodtfcerD ft LOT 0-f TtC-hNicftl TDl ff »

SucW pnibutwS AS iwfiMlTltS Cr°f> UP uJVvick K/^ve-TO b^detT

WlTV* b^ TviCKS /VMd M/V^tCs-IC /hod A- L oT of U /hod wJftvjNCr.

AS wt UMdfr/5lThJd <?.£.T) TDDffV ^ TVieftfr lS l&- OMlV O W f c -fo if M Utfl T70A/

©£ uJViich resutr^ ivoM H O d e L / M 6- The -fifc-tc/ ^5 A ser- je^o-F
o5ciilATOR<> . IT is /\ coHSfccpoerwce oi T>iis -fornu

t leVJTDS TO TVtC TErCkMlCfl-L Dt^fvcOtT ie$ u)>ilok CfroSt ^ TO

"Pootr TV»e v/fl-DDiTV of CJ.t.D. W e - S ^ f l L L discuss TV»es
ftS l>ieY co^e up. So L&T's froceed ft^jd Str& uJ ^ frT IS

U CfluSfeS itCt FV\ d iHlCuLTf.

To ireSTricT our Probtei-i to ftr&T oP-<i

tT ts Pos&ibL^ To di$c/h-d T)ie 5eco/Jd ordtr TSTM IN f\\.t.. The
A1" TtRh. ALSO if we cowSldCrR- The Grfrc^fr V-7^ "0

•P^A - A"? /V^d . H = _ e ^0A ^)
IVlC.

? is TH£ MoneAjTOK of fctecrroM. flNA TKe ^ecTOP.
(6 Defined ftT TV\tr "PaSiTlOK Of TWt et,£CT*OM. NotP SOb5T)TODN(r

for A

|I|MT

we /tee Atytuv ro coMF^re rtte

TO &v<tu^frTt This txpress'iow uot Mo&r conPyre The

1Kr I "^^ > ^^ Tlie'J S(?OftTfc IT TD
6-er The. Profefr^aiTV. OK/h'. <A>e- /Jee-d ro dtsc^tbe TVe u*

of



foiOCTlOM IS

I A ' ; O.Ofl ..... OPP>
inflects TKis ^fW*S ftxitT 7>ie /ht>e\s IN STffTt I Cfol

Ld. u iw T*ie 6rrcrOiJci
The tevoes C fo) //ofi^ire MUi-ibe/- of TVen)

of

1 AoU o^oj^...^ 0,0,0 >
SAY* TKc ATt>M 16 lOOvo i»J /TS cmWidct ^T(^T6 u)hi Lt-

node uohi^K î ^s /l-b&orbe^ Ojot- -phoro^ or
The ATOM UO$T. we'tt
5 ~ u A = .

The SVSre^ AYV 6-iv/eTJ /Vs
e N gn c*- v

Efc* - 6, t 0 * G, -f O

LfeT's w / r t T f c ouT ^C /5»d ^ m Te««s of T^ie prodocT of ^ fjyfe

To heke cLfrnfy T>te iMeftMi^o- of "0\

$,CXo) is TVv? uj^v-e fjjJcnoM of TKc. /jToM IN 7>>e ^irsr £XciT£^ J
TV\ MftThtMrt-ricrt L e^Pre-SSioH O't" J'tx0) is x tines ft 6-fluSStft-N

The ^fv^e JUNCTION of TVe Nft nodt (A- TKe -f>&Lj »s o-i^ttM bv ft
dtSTTritaoTioiu SiMct (T is IM The 6-rouwd srft^fc C fltc Mo<i£-s* t

ibu-nO|J5 itJmfULr Therefore (paC* ) °< e " T W K i ^ N ). IN
OK,t , W '

5-mre The sri^e^ ^o/tve ^u/ocno^ 's

Tlie toTDM **^5 /V î  AVe uN CTlOia 0(_x.) wiKic-h iS fl CrAuSSiftrJ S 1 N C 6 <T
IN 1\\ o-vouiOcL S rftrt , T\ie ^-^ et«L JOOLAJ U^s ON 6 Mode oot-u cl^ (S

t c A t l 'T T>e ^,x node u^Kitk Uas fl LA! five /UrJCTlOjJ ^pt
<J

Mow ^fr c/fTM T*V TO COM.p^T6- The rfl F£ of TP /V M S 1
The jN-forM/H~10M / tv^A»l A^bte- TO v$6.
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2. ReMft«.KS OM i— oR.de*. NON

I GrO OM "H> T>e £*** Order
TV»eory

Of Q £*> , I'J UKfr TD Dl£ci/5S The UM»r/mOA>S

? frS

KffV€r

& rvie.

f if The
Wfc leftrned TV\

RANS. T fOb
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TVie

ooiTK
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frcrei> up ON b
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Rou& J fts

uoViere

TVrtT ft
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by

TO
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TKe
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"Doe TO The, A P P ^ O X JMATION MM& iw caicui fln*Ji>-
Tt> Cro frcm 6 t o -f

> - v * tt C^^ Jf * " >
£xPto4<JtKtr TO flfST ORder \A/£ fire

rXTlftv TO A-CT OMlf OMCfc btTvoeeM t /Nd -f. As fl.

TV^vs fmr ordfr*- ApPrcoc iMftnOrJ ; w;fc K /We wo use- ioR. The
liiJwjU* rhis T&YMS de^cvibt^ A TWO -4dU ACTIOK of

TTftrJ6i'nO»4. SiMCt we frre dltfluwtr CAiii> -hvsr o rdeY frpp
The OPe/ftTOR-S OL frrad (X* oMtV wioviC OM T>ic ?K)TT)N STiftTE
ONfc Tine . iVis MC-AT^S TV)ftT TKc - f twr tL rtiOd iwmfll SrftT£

r by OiuiV OiJe- TKoTOM. WKfrT TVieM of f\i uJKere

CftVlTV IS fitted \A\Vr\r t-OT of 7K(3TO^J ) W S*tV MOdt tf-

OrtLL "Jhe^t n horaMS) /hid fl T

T>ie cre/tr/ON

To HAK-t rf rR^SiTlOi^ /W The T>flRK IS TfOTORnOhWl TO TW

" K l t i . T h t S - foLLOuXS -froM TVie 9^ftMTUM Theory o-f O5c» L L

Predicrs ^ * , i -^ h-t-M aT / © n > - -^>it/ i n M >
T>\ probftblt iT^ TO A b s o r b fl f ^oTO ̂  '5 ProporDOAJft t TO

. _ .
^ Y\- I I cc I n > ^ J n <-n- 1

ftre- The s^Jftre of These
TKe L fl-ST EK/TMpfcE uot oOOfK oaT loflS -for The cft,$t T) = O .

ALL The nodes of The fietJ were- l*> TKe 6-roJud

eni65it>M COOUd TT^Xt ?LfHt where i/o The
The flfrti wtT>\t ThoroiJ- lA^e Cfllied This ei-i/s
JM The sexist TV\frT ti -Diuio'T weed TO be forced e?crerAJ/*iif.
tA^lThOcfT "OOiMO TQo Mooh COOrK t^ ̂  h rtve t6^/ged hOw) TO

our res«Jt TS TO f) sy^reM ^hfre Both ft-b^orpnoiJ
c/ha -mKfc ?u ftc6 . Fur rher uoe C/hu com couT>e- ThrtT .*

iT of er-nssioN • = *̂ ^ ' t

^ of ftcUorp-noiJ
f



7hc coef/cK-/ur$ C f *re et^fll T>Je ro T>»e Ffror ThflT
The cohpLt* «wvyo-/tr£ dr The i/ecro* ?or6*mftL Er^t/tfu The

u iTsec-f. F*OM rve res^n TVU^ Obm-i^ed
COMCUJOC. dedoct soMeTViiuo- /noooT ThfefMrtc t^ua i bR lun

TWO smres ^f ft sysrew a m /hod n,

TViftr FOR- £n?cMUbri JM T>ie TWO iT^-Tfc5> H05F be IV The
- c s*,-&or Ni _

The
l^ The wuMbtr of ATOMS G-OIMG- -h-om wi to n Per I/MIT "nut-
flbiorp-now o-f- PKoTO*JS L^ (*>**) spu f tLS Hit
nro >v\1 e^rt&toM. Wfc MUST Rtgoi^f Thtia

*Jn "^^K - M>n C It n^

OR USIK6- TVie /Tbov-6 rfctrtno^i^ip

r\n = e
SOL V J M (r- -for "H VMK

'•"
?L ATOC-K t,i,ft-cK.- body di srr.bario^ MW -for

of -

rt-dd OWf lorTKer co^Mei^r THftT The

d &5cr ibc-d W e re difltrS froM The. Ct/^SJCflt r

field ( 5 Modeled B5 fl C L A S S I C A L rtfrvtj by T>i£

fcxnrft Piece- 'Tioe TO 5FoMT>ho eou s

HA MY & L & C T X O M S Y S T E M

So ^ftr i*>6 hftve reriTYicred o^"' / h o f t t Y 5 i S TO fl-
i.s, The Kydroo-e^ ftrow\ IM G-Ci^erfru

tTDW/fr»J WHith 15 7>ie 5^w o^ fl U The

r~ __ _ . .{.IKL. e>, P^-e e
M.
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L&T'S V t T V f M TO TKC prObttM of L)6-Kr SCrtTTEniiMO-

- It TV>e iNMdfc-jor ^AJiflmo^ ScftF&ia-S off The ATOM w
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tf M /(-TOM uJhere. 7W /Mcide^JT T
c O M p / K / ^ b t e TO THeresr M*tS5 o-f

. "For "TVit eioercrY \rfa*&-t o-f i/^reresr The
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PAIR 7Rot>ucnON
AMd sp/K6 -rtMe e

i.s frjoothe-r uo/w TO L O O K flr conPTDM
urrLtr i-»ore SobTtt JM ;T ?hv$ic$L

bur is MfrThewimcALiY ( /t̂ d. physic/ucy, /hJ/Koo-ous TO
IS Thfc idt-ft &f

IS (NTefesriMCr I ' u>ouid LtKfc TO 6-n/e IT rt
wort jfrreMTiON AT This Tine.

?7^>ctocnopJ C/VM rtiotr IN seveyac uoflyi: A

TVic

THe ^eu<* O^fayTVie pKoroAJ CircymAJO- The. p/^r (AjfTh The.
IA*ITK The futd. /I tTe/MflreuY
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y t Y — "^ e" 1-
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tr- TViiMo- flfbo^T ?ftir- ?roduc~noiu
EMSTerJCC- o-h The po^iTroia uortS Premiered by T> e

. IT i-s f\e oi
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^ -
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