


i 



K. 
c. 

• L. 
R W. 

R. 
J. L 

A. 
T. E. J 

ision 

i 

who Si 

rector 
rector 
rector 

Si 

con tions 

cant con 

i 



l 

2 

3 

2 .1 

2 

2.3 

3.1 

3 

3.Ll 
3 .1 
3 .. 1 
3.1 
3.1 
3.1 
3.1 

3 .9 
3 .10 

I 

iv 

1 .. 1 

l 

l 



3 

5 

3 I 



3 

3 

3. 3 

s 



2. 
2 

2 
2. 

2. 5 

2 

2. 

2 

3. 

2 

son 





s 

0 







2 

0 

0 



ION STRUTS TENSION 

CONS I DE RAT IONS 

Sm111 22.0-fnch O.D. lo 
\llCU!lm 

ncll 
vacuum 

vessel for the side 
support. to anemble. 

THERMAL 

o I lowest 4. 5K heat 
contribute to lHe 12 watts/ 
heat 

0 
rods 

o lnterna 1 I o 
shield 11 be req'd. 

MANUFACTURE 

0 

THERMAL 

o ends 
increase heat teak 

o Internal radiation 
shield required. 

l!lllchfned 

0 stress for 

0 

o PotenU a 1 for 
low heat leak. 

DOUBLE NG 

0 

o Poor 111tert11 
utntutton. 

THERMAL 

Otfficu1t to 
shields. 

o U•tted room fer 
cryogen 

MANUFACTURE 

AddiUon11 



0 

TAFHUM Elli 

0 

THERMAL 

low fabrf cat ton 

24.CMnch 
v11cuum vesse 1. 

acement of 
11 be 

c Moderate matl. 

0 dtstriffl o Poor material 
uU1 

0 constnictfon. 

0 

THERMAL 

TITANIUM ' 

o Stable 
o Provides 

between 
cold mass and vacuUM 
vessel. 

o Large 25.0·inch O.D. 
ncl.Mfi vessel 

o More for 
lateral sets11tc 

o 1oca1 st,.H. 
o Streu U.tted 

THERMAL 

o low condur!tt 
111111terh1. 

o 1nterctPt err1c1encv 1 o hHt o Dtffh:ult to 

o Cor,.ct of 
shields 
diffh:ult. 

MANUFACTURE 

0 

0 

o cost. 
from 

0 

0 Mot 
better 
en 
Shields df 
to locate .......... 1v 

cost. 



i 

c 

can 



2 
4. 
2 

2.. .. on 

K 

I 

1.5 
2 





2. on 







0 



re 2. i cal 0 

1 



2 



qure 2. 

3 



2 

2 .1 

1 
2 
3 

es 

4 



5 



es 

6 



Fi 

(1 

3 

• 2 

.. 2 

$ 2 

' B 

e Z 

I ew, 

e 2 " 

on. 
7 

4 

S.l 

on 

p 

3 

3 

15 

es 

l 

3 

5 

4 

3 



2. 1 

a 



,. "<>,,.a"'>'\'""' .. '>«,.., .... 

.. "' .... "' .... ,,.,. .... ,,, ~ .. "' .... "' ...... . . 

. .; ......... I ...... . 

. . • .. .. .. ~ "°' .... , ............. ., ., 

....... ·:· ........ i...... . 

ta 

9 



0 

-so 
x 

-100 

- 50 

-200 -100 too 

2. 0. ion 



c 

-

so 

30 

• 

2 
c 



2 

d mass 

2) on 

3 

4 um 
5 um 01'1 

d mass 
6 

7 • 



** 

c 

+ 

on 5 

** 

1 

1 

1 

1 

+ 

lb 

= 0 

= 1 

d mass 1 

lb 

lb 

= 1 

= 

= 0.9 

= .9 

1 

lb 

lb 

b 

0 

lb 

on.) 



e 

2 



e 



e 2. 

(1) 

l 1 

2 1 

1 

1 

2 .. 

1 I . , 
I . 

t 

1 

1 

1 

lb 

:::: l 

H 
on 

lb, 

- 1 

1 

1 13 

lb 





i 



8 

2.. 3. 

9. 

1 



3 5 1 

2~ 4. 1 on on 11 



II is 1 i 



e 2. 

on F B 

) 
F 

* d mass 

1 

+ 

+ 

= 0 

= 0 

+ 

+ 



..... ..... 

- - -..... 

.. .. 
w 

- -.- N - - -

-

-



2. 5. 





) 

2 .. 1 ons 



e 

1 mass 



2 8. 



.. 

2. 9. 



E 

a = 

2 

2 

2 

2 

2 

1 

cons 

us 

ew 
1 

e 



2 .. 

b 

• II a• • * = 

= Ill: c 

• • 
= = = 

• B = 

b 

II! = = 
= • 

• • = 
• = 

3 = ( = 3 = 

< 

= 2 



= 5 

= 5 

2. 

e 

= 

:ill: 

on 

@ 

Iii: 

= 
= 
:IL 

Ill: 

= 

• 
B 

b 

t = 

1 = 
Ill 

1 = 

a = = 
3 Ill: 

b = 
• 

ass 

• = 2 



e 2. 

lb 

e 

b 

ze) 

a = 111 
SI = 5 a llll = • 5 

II: • 

0 = 1 lb • b 

= lb Ill! 

3 curve curve 



2 





~ c 
0 

c 
0 

c 
0 

-
OI i.n - -

-

--

. 
i.n 

-• 

.. -
-
N -

-
OI -.. 





c 
0 
I.I') 

N 

N 

- -

N -• 

-c 

M 

N 

N -

..... 





2 

2 



2 .5 

2 



e 

s 
s 

on 

.. 

s 





3 .. 1 

3 .. Ll 

3.1 

0 

0 

0 

0 

0 

3 

e ns 

on .. 

lines .. 

1 



3.1 



3.1 



s on were 

0 

are 

re corros 

3 

3 





3.1 

3 

3 

3 









) 

e 3 

e 3 

• 

ons 

• 

+ -
< 

on 

0 



3 

N = 4 

l • l 

• 2 

d mass: 

+ 

w = 

in 

on 5 

= ( 

1 

1 
on 

-s 

n 

in 

+ 

) 5 + 



ease 11 

2 



I 

+ 

+ :t 

... G 

1 



a cross 
s 



-



ium 

l • l + 

Ill! 1 

error 

• 0 

ons: 

[ + 

ar umns: 

c = r 

6 

1 

1 

umns .. 

] 

. . 

n 

a 

= 0 



A 1s 

a 1s 

-c 

1s 

£ s 

is 

K 

l 1s 

I 1s 

p is 

is 

is 

r is 

on area .. 

.. 

us 

umn .. 

mum i 

1 

us a ar 

1 

mum 

a 

umn .. 

umn .. 

umn .. 

umn 

.. 

on 
1n 

II: 2 .. 

umn; 

umn .. 



3 es 

.2 7 

8 

5 

ass --
4 6 



3. 

9 



e 3. ons ... 

t 

5 lb b 

um ass 

i F • = 2 



e 3. ons 

lb 

e 2. 

= 0.1 



3.2 5 

0 

2 

3 

.. 

9 e 

lilt 

1llll 

lb 

is 

cos 

i 

a 

a 

lb 

• 

usi 

1 :Ii'. i 

" see 

" 

d .. 

ne .. 

line .. 



T 

• 

• 

2 

summa 
ows: 

1 It • 

" e vacuum 

are 11 e 3 on 

• 2 lows 

lows 

vacuum 



e ows 

2 
es 



ess 

ver is 

' 

ons: 
t 
l 

lit ·= 

= :Ill 

A 

2~ 

B = 
= = ow 

on) O 

vacuum 

in~ 

1111: in 
in 

= 

x 2li' 

) 

.. 

.. 

0 

0 

0 

ler Pressure 



• 
t • 
L Ill 

• Ill 1 

• Ill 

= 

• Ill = 

= 3 



'Cl. 

'Cl. 

c: 
0 

-

-
-

• 
N -

-
-
--

-
-

-

--
-
c: 
0 -

--
--

--
-
-

----

-
---
c 
0 

-

-

-



e J 

d 

2 

4 

= 2 



3.2 .. 8 

e 

low = 

low 
) 

low 
!Iii: 

mass, 

) 

@ T = 
@ T < 

i .. ... 

t = 0 

.. . .. 

in 



1 1 + 0 

l :Ii: 6 

l = 5 

3.2 



3 

r 
on 

:Iii: 0.19 1111 

p z 2 lb 

sin 

- 3 sin 

.. 'IT n 

s on 

0 .. d 1111 

0 d 

0 

0 

d rames .... 

ies on 

p 1111 0 p 

M • 

p • cos e 

p 
ir r 

+ 1 cos e - ) 

(l - 1 cos £1 -

+ 1 cos 0 "' - 1 Tr 



0 

0 

M = " 2 .. .5 in 
3 

= 10.7 i b 

a = 
5 

3 I = = i 

7 a = = 
'IT 

= 

low = i = .3 





3 

3 



" 

1 

t s 



c 

ues. 



Ill A 

3 

excess 

.. 

Q 



( 

e 



3 

on in s case is 

.. 
+ + 

.. 

.. 
+ 

= .5 



+ 

+ 

s 

+ 

+ 



3 

3 



e I s 

5 0 

5 

9 



3 .3 

k = 3 

k = 
N = 

n = 
£ = 

a = 

= 
= 

ve 

1 

d si 

i 

2 + 2 

, R 

re, 

+ 



+ 

= 5 

+ 



.. 
·---

.. 
( (75 

warm 

.. 
) )( 

d 





-



3 

3 



2 

ence .. 



0 3 
t 

+ 

.5 

s 

. . 

= 16 



cal 

.. ( = l 



ven 

.5 
:II: )( )+ ){ l) 111: .. 

)( .. 1 )+ )( ) a 1 

)(1 ) + )(1 ) 

)( .. 1 } + )(1 ) + 17 w 

3 

" 

= 1 



1111 l 

g 2 

3.3 



\ 

.... 



+ 

• 0 

t Ill 
1 



3.3 

A = ) = 3.5 

3 cm. 

= l w 

l d 

3 



w 
c ..... 

0 --

-

--

-

co -

-

..... 
0 -

-



3.3.S 

use in 



3 

3 a as 

.. 
c d B is d 

on 3 ves on as 

J • 3 



1111 B s e 1111 .. 

t s 

cos B .., 

e 3 

0 
0 

can IS 

res sure 

mens 



+ J 

i 

e 3 

3 

R 

R 

R 

0 

R 

s 



i' 

i 

• i-1 i ,J 

• 
i ' 

3 



can 

• s e 1111 .. 

t s d 

.. 

• tOS 6 2 -

.. .. 



3.5 

3.5 



3. I 



a 

a 

E 

d 

c 

a 

as 



3.S.l 

0 i c stainless s 

0 all 

0 Fe c s 

0 tanium all 

ec~ 

s i on 

3.5.1.l 

3.5.1.2 



3 6 3 



ect 

es a 

0 

0 p on ence. 



4 



s 





e 3. 

um 

F 

T 

II 

1 

l 

a 

• vs. 

vs. 

e 

e 

e 

t 

t 



I 

I 
I 
I 
I 

4 
2 
(! 

~ 
;, 

CONVAIR DIVISION OF GENERAL DYNAMICS 
SAN 

NO. 

+--+---~-+--~---

+ -;;.".' ~:;. ·--.. ,:::__, ___ 4._ 4--4·--· 

HOJ(S 

01 

! SHS 

•l 



;. ... 
!':! 
~ 

~ ~ 

i 
j, 
< ... 
ii 
~' 

.. ;;,; ~ 
"'l 

:i l 

~ 
' "" "' '1 >:: .. 'I' 

!!;!!:' 
;it "' ,, 

~~ 
.;t 

; ~' 
! 

"' 
~ ""' "';' ,, 



1 

d 

1 d 

ows 



c « ~ ! .. ~ .. .. .. II: .a Cl ":' "' ~ 
It. 

., 
" :::: 
~ 
() 

11'1 
N 

:;:; 
"' 

~ 
~ 
"l 
lil 

<I:> ""' " II) 
(\J 

~ 



fl"> 

"' 

i 

... 
>II 
:: 

.... 
"' 

":' ... .. 
"' Cl 

~ 
ill .., 

"' "" .... "' "'l 



s: 
~ 

... 
"" 

~ ~ 
~ 

on ~ ~ 

"' ;::; 

--



• .... C' 
:::: 
~ 
~ . 

.... 
~ 
h~ "" .. 

~ ~ 
~ ~ on .. on "' 

... 
"" '° 

"' ... ... 
"' "' tr, 

:I) ..... 

" ... s; !/') 



-- ·-- _ ... ____________ -".! 

··---.. ·-~ ---~- --- -~,........ _ _,. __ , _ __..... _________ +--1 



-

-- 11::1, 



----------
........ Q 

, 





111111 

i ,1 ; ':ii .. 
"'~ ... ~$; 
Si" 

~ !~ I ' ~I 
I ls I I~ ~ .. • ~$; ~ •1 ~ .. i It ., ~ h~ 

if 'I! 
' l 

... !I 

a i! ~ t: I 
i 

i t~' s ~ .:::I 
'! I .. I ~~ i ~ ~ 

t:l i .. "' "'! ... "' 

-- Q 



§ ... 
i! 
2 
"' I'-
..: 

~ ~ 

~ 
~ 

oft ''f 
N le 

-- Q 

14 





~ 
~ !:\ 

~ ~ ~ 
~ I: I. .. 
i i -~ '!It • st 
I 

i ' ~ ' ~ ~ ... 

i i '::! 
~ 

l .. • "' ... ... 
~ ... 

I I :::! ~ .. s 

~ 
I ~ ~ 

... ... 
"I " 

on i 

-- 0 -



I 
""'·· 

i-------~-----­.. 

111'1 
N 111'1 

N 

! 
~ 

ii ' < ~ ~ 
M It 

'11> 
N ;e 

-- Q 

1 





-

--





QI 
1 '' •• •I§ 
1 tE . ~~ 
i Ii ... ~ 

l 
~ 

"'I 
~ -
i .. 

~ 

~ 
l .. 

-

-·a -



..... 

-- Q 





-- 0 



cotmlACf HO. 

~oo.rnc~ 

NOfH 

,, ..... 

- Of 

SHS 



-
< 

...,...., c 



X B 



B. 

B.2 L 

10 Q..S 
20 Dll'l 1<:50 
30 DU'l <:SO 
40 REM rctad 
:SO HEAD$""" U T D A T A 
60 PRJNT:PRINTaPRlNT1PRINT 
10 HEAD1$""" Ent.er Shi•ld Width •" 
BO HEAD2$•" Enter Shi•ld =" 
90 HEAD4S•" Ent•r Shi•ld Di&metwr •" 
100 HEAD~$•" ENTER SHIELD THICKNESS •" 
110 HEAD6$•" Ent•r Shield Resistivity•" 
120 PRINT HEAD1$sglNf>UT"•;WEDTH 
130 PRINT HEAD2t1:INPUT""1LENTH 

40 PRINT HEAD•H; s INPUT' .. '; DIAMETER 
1:10 PRINT HEAD5$;tINPUT" .. ;THlCI<. 
160 PRINT HEAD6$;:INPUT"";RESlS 
170 INPUT"";DUMMY$ 
160 READ flA 
190 REM READ NUMBER OF GRIDS 
200 CLS 
:no HEADEfU= 
220 PRINT HEADERS$ 
230 LPRIHT HEADERSS 
240 PRINT 

J (x > 

250 READ MW,ML:DW•WEDTH/MW:DL=LENTH/ML 
:<:61) RW=DW*RES lS/DLITH lC~; RL=DL •RES I SI OW/THI C}' 
270 READ ERRR 

J(yi 

.. 

Fr 

28(1 FOR 1"'1 TO l"IW:FOR Ja:l TO ML:GOSUE< 830:1<0,J =DL*DW*0B 
290 SAFE < , J > .. 1 
300 NEXT J;NEXT l 
:no REM 
320 CUR<1,1>s<8<1,1 +CUR<l,2>•RW+CUR<2,1>•RL>I 1.5•~1..+1.~•RW) 

330 FOR 1•2 TO MW-1 

Ftheta 

340 CUfH I, U ""<Et< I, U +CUR U+1, U •RL+CUl'H 1-1, 1> •RL+CURU ,2> •RW> < • 5•RW+2•RL) 
350 NEXT I 
360 CUR<MW,1>•<9<MW,1l+CUR<MW,2>•RW+CURCMW-1,1>•RWll<1.5•RL+1.5•RW> 
370 FOR J•2 TO ML-1 
380 CUR<1,J>•<8<1 9 J>+CUR<2,J>•RL+CUR<t,J-1 •~-W+CUR<1,J+1l•RW)/(1.5•RL+2•RW 
390 FOR Ix2 TO MW-1 
4()(1 CUR < 1 • J > "' <Ei U , J > +CUR < I -1 • J l *RW+CUR < t + 1 • J l •RW+CUfH I • J-1 •RL +CUR < I • J + 1 l •RL 

1•RL+2•RWl 
410 NEXT l 
420 CUR< MW• J = UHMW • J >+CUR 01W-1 1 J > •RW+CUR U1W, J- l •RL +CUR <11W • J + 1 l *RL > I • 5•RL +2~ 

llWl 
430 NEU J 
440 CURC1,t'ILl•<8<1,t'ILl+CUR<1,t'IL-1>•RL+CUR<2,t'IL>•RWl/C1.5•Rl.+1.5•RW> 
450 FOR 1•2 TO l'IW-1 
460 CUR<I,ML>•<~<I,ML>+CUR<I+l,ML>•RL+CUR<I-1 11L>•RL+CUR I,ML-l>•RW>l<1.5•RW+2t 
L> 
470 NEXT I 
481) CUR Cl"IW,l'IU"' (8 (MW ,ML) +CUR u1w-1 ,ML) •RL+CUR <MW, l'IL-1) •l':W) I ( 1. :>•RW+ • :Slllf'<L 
4~ SUl'l .. 0 



B. 

l• l"'IW:FOR J• TD ML 
5 SU"•SUt'l+(C\JR -SAFE ~21SAFE •CUR 
520 NEXT 
530 NEXT 
540 SUl"l•SQRCSUH/l"'IW/t'L) 
550 IF SUl1 > ERRR GOTO ::no 
560 RE~ ani d current~ 

1•1 mil 

590 

6600 FOR J-0 TO t'L 
610 FOR l•l TD l"'IW 
620 KURV«t 1>-cuR l,J+l>-CUR<I 
630 NEXT I 

NEXT 

&BO NEXT 
6Ci0 NEXT 
700 FOR J .. 1 TD HL+l 

10 <J-1 •DL 

-CUR 

120 ANGEL•.5• .S•LENTH-AE!S<J-.5•HL>•DL>IDIAl"IETER 
730 8R•8A•COS€ANGEL> 8TH=8A•S <ANGEL> 

Im1 
750 1-1 •OW 
760 FR•STH•KIJRV :FTHETA=8R•KURV l,J :FZ•8R•KURH 
770 PRINT USlNGk IW.•W t•.tl lllllW.11 111111.11 1111.11 1111.11 1111. 

X KIJRH I,J .KURV l,J ,FR,FTHETA,FZ 
LPR USING" II.II II.II 111111.11 111111 • 

• FR.FTHETA,FZ 

810 NEXT 
820 END 
S'.!.(• ANGEL=. S<> • S•LENTH-AE!S <J-. 5•11U •DU /DIAMETEI': 
840 99=9A•COS<ANGEL 
850 RETURN 

Sh 
Sh 
Sh 
SH 

Enter Shield Res1stivit 

=? 39 
=? 
=? 
=? • <)t)25 

5e-7 



B.4 

)( J<x J ( ) Fr Fth1tt411 Fz 
o.oo o. 23.57 57 1.12 23.SS 23.5:5 
o.oo 0.04 8.23 31.BO 1. !51 3L7o a.22 
o.oo o.oe S.60 37.40 1.76 37.36 s.oo 
o.oo o. 1 -z. ~1 40.91 1. 94 40.86 3.50 
o.oo o. le:.i 1. 70 42.«!IO 2.02 42.56 .70 
o.oo 0.19 0.02 4:2.62 2.02 :;a 0.02 o.oo 0.:2~ -1..!>6 40.96 i. 94 c;i l -1. bi> 
(>.1)0 o. ::::7 -:::. 48 37.48 1. 79 37.44 -3.48 o.oo () .. 3.i"J -S.59 31.89 l. !51 31.85 -S.59 o.oo o. ::;4 -8.24 23.65 1. 12 :?3.62 -B.23 
'·" 00 0.38 -:3 .. 05 t),. ()ij •).00 o.oo -23.62 
._,,04 o.oo :31. 76 8.19 0.78 8.1~ 31.62 
t),.04 0.04 11.4: u. :a 1. 08 i..::;::: 11. 37 
'-'· 1)4 o.os 7.89 1::.67 l •. '.:;(• 13.61 7.86 
v.•)4 0.11 4.97 1 :;;. 14 1. 44 15.07 4.9S 
0.04 0.15 2 .. 4::' 15.Bb l.SO 15.79 2.41 
•), 04 o. 9 o. ()3 lS.97 1.51 15.8(..1 o.o::; 
1),04 0.23 -.::." :;7 15. 16 l.44 15. 1 (l -Z.36 
•). 1)4 v.27 -4.94 13. 71 L:::>O 13.64 -4.9:: 
I),<)"+ (), 30 -7.88 11.42 1.oa 1. ::;7 -7.94 
•). •)4 Q.34 -11 .... : 8 .. 2: (.,1, 78 8.19 -11. 38 
tJ. (14 0.3& -::.1.97 a) .. Oa~; (;. i)i) O.t)O -31.7:;'; 
o. 1)6 <). (h:J :7. ::.;1 5.54 1), 79 r ·--t ...... .,.. ::;o. 9:: 
•).vs !), 04 . .;;,.,, I'·' 7.8: 1. 11 7.74 13.56 
(). •)8 o.os .,-.,59 9 .. 52 1. 35 9.42 9.49 
iJ,013 0.1 c. • .:ii; !>). C:.3 1. 51 10.s:: 6.03 o.oa !). 15 2 .. ;7 1L19 1. 5'7 11. 07 2.94 
O.OB 0.19 (1,. .. ;:. 11. 19 1. 59 11.08 o.o:::: o.oa o. 2::; -:?.9l 10.0~ 1. 51 10.54 -2.aa •). oa 0.27 -6 .. t)5 9.S4 1.36 9.45 -~.99 o.oe o.so -9.58 7.SS 1.11 7.17 -9.48 o.oa o.34 -13.71 5.56 0.79 5.51 -13.SB o.os o.::;;a -37.44 o.oo o.oo o.oo -37.06 o.u o.oo 40.74 3.44 0.65 3.37 40.01 o.u 0.04 15.15 4.89 0.92 4.80 14.88 o.u o.oe 10.70 6.00 1.13 5.90 10.51 
o. 1 o.u 6.B~ 6.75 1. 27 6.63 6.71 o.u 0.15 3.34 7.12 1.34 6.99 3.28 o. 1 0.19 0.04 7.12. 1.34 6.99 0.03 o.u 0.23 -3.28 6.76 1.28 6.613 o.u 0.27 -6.79 6.02 1.14 5.91 o.u 0.30 -10.69 4.91 0.93 4.82 -10.49 o. 1 0.34 -15.17 3.45 0.65 3.39 -14.90 o.u 0.3B -40.89 o.oo o.oo o.oo -40.15 o.1s o.oo 42.40 1.M O.S9 t • .u 41.::u 
0.15 0.04 15.87 2.37 0.56 2.::u 15.42 0.15 o.oe U.26 2.92 0.69 2.84 94 o. l:i o.u 7.20 3.30 0.76 3.20 7·. o.1s o.1s 3.53 3.48 o.a2 3.39 3.43 
0.15 o. 19 0.04 3.48 0.82 3.39 0.04 
0.15 0.23 -3.46 3.30 0.78 3.21 -3.36 0.15 0.21 -7 • .1.6 2 .. 93 0.69 2.85 -6.96 o. 1S Q.30 - 1.24 ..::.. .. -Jct 0.56 :z. 31 -10.92 
'-'• l :s 0.34 -15.89 l.be 0.39 1.62 -!S.44 
(;. 15 0.38 -42.55 o.c..o o.oo o.oo -•U.36 
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