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INTRODUCTION~ 

UCRL-3687 

The design data herein, with a few exceptions, were p.repared by 
members of the Mechanical Engineering Department at UCRL. The individ
uaL data sheets have been issued from time to time since 1946; they repre
sent summarized information which we have found useful in our design work. 

This collection was selected to meet the requests of outside organi
zations for copies of our design data. Those design data which would not 
be of general interest, such as size and capacitie.s of our machine shop tools, 
are omitted. 
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Rtdi-I'ATioH ·l.U""-lORY • UNIVERSITY 0, CALIFORNIA • BERKELEY 

DES.l'GN DATA · 
DATE ID• ~,' 'NO •I PA.GI!· · 

_5-.30-46 ' 2 . 1 . 
IU8J£CT PREPARED 

• • v. Brobeck • 
BEAT TRANSFER AT MODERATE TEMPERATURES CMECICI!D 8Y ' 

Retyped: 1_-28-SO ·Aft 

Note a Aoouraor ot better than z20,C cannot be expe~te4. " 

1. Natural. Oonveotigp (Reterencea McAdams, •Heat Traumia"iori~ 11 1933, p.21.4) .. ·· 

1 : Heat ~ansf~r rate 'iti~' e • temperature rise 0c 

!hia formula applies to vertical plane a'lirtaces over a toot h11h• Beat traiult_. , 
rate .. is increased abou:b 3~ tor horuontal, surface~ taoing'u.pnrd ancl.decreaae4 ' ' 
about 3~ (or horilontal. aurtacea. taciq ~WDWal'Cl. · · 

'this formula applies to hor1zont81 crlinders ot. 4 tt. diameter, .·Beat tranattr . 
rate.varies inversel7 with ·fourth root ot diameter down to ·112•· diameter, . . . . . . . . 

traruater trom.natural· convection mar be attected cona!darabb b7 obetftotlon• 
to. circulation such as ledges, offsets, etc. 

Por .~ ·bod;r small.compared to its surroundings a 

0.147 P (1~)' e 
Approximate· .form is correct to a few pel cent between 0 and 100 c. · · · 
P 18 :em1saiY1ty of bo~, M is watts/in. ror bod7, T 1a degrees lC (00+273) 

it 'bod7 is large compared to enc~osure or tor close parallel 
surfaces. 

!. Foro!§ Qonvect1og · (Referenoet McAdams, 8Heat ~nsmission,• 1933, p.237)' 

BelowV •16 tt~/seo. M : 0.0037 (l~0.2V) watts 
· i · 1n.2 oc 

Above f :r 16 tt./sec·. M :: 0.0018 vO• 78 -e 

"Rough" surfaces increase transfer about ·1~. 

watts 

111.2 oc 

Increasing velocity above 100 tt./sec. (where velocity head : 2t inches ot water) 
wlll usuall.7 be found uneconomical. 

r:rmsE~nh W. M. Brobeck 
~.h.L ··-·· ........ ····- ··-···~······-·· .. --·tQ:---=~ 

; _.:_ ~-
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RADIATION LABOrATORY • UNIVERSITY OF CALIFORNIA • BERKELEY ORIGI~eT!:.:l D.O. NO., PP.GE 
DESIGN DATA ............ ~ ~-~-S'Z..I 5 I 

SUBJECT PREPARED 

PRE.SSURE DROP IN FOREVACUUM PIPES W. M, BROSEC.I<. 

FOR. STREAMLINE.. FLOVJ CHECKED BY 

~ 6Y "'-"""""''' <:D 
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0 -=- 0\AMETER. (\NCHES) 

COR.V£5 ARE BA5ED ON F'OlL.O'WING FORt'\ UtA: COWO\T\OW'S FOR 5TR..'eAML\'-lE FLOW: 

I 
¥= l.q3~ FOR. A\R AT ?.o·c (Al..SO CALL~D VIC:.C.OUS FL.O'H) 

~ IJHlTS U5ED HEREIN 
I. RE.'ft-lQl..O S NO. <. '2.000 

FO!t 011-i~R. GASES OR., TC.MPE!itATUR.E5 J 
p > 't~ (P IN MICRONS) 

2.. 
MVl..TIPLV lliE A&QVE ~ eY n.IE RATIO ( 0 \~ INC.HE'S) 

0~ ~E. AB50LI.rre VISCOSITY OF "mE G~ 

TO "1'\i~T OF AIR ~T 2.o·c. 



D-33 

W~':.TI~t\OUSE l=uS:eo c~t)RS Tvpe AB-l. FRENC.HiOWl-l· 
Ul 

PROPER\'( 0THe.~ 1-\1<:.\-\ VOLTAGE 
c 

HtGH STR£W<Si"' No. 44G2 liiE.H "' ~IR.CON ZIRCONS QuA'R.'T~ PoRC.t.lAIN 1J '-
ALUMIN" CERAMK A.LUMUlA. CERA.""K 

,., 
n 

.::0 -4 

SPEc.\FIC. GRAVITY (~/ct.) 3."-8 ~.0 TO 3.S 2..2.. ;<..3 To Z.5 3.42 3.BS 0 -o 
rrl '"' 

-Mo~cs.· HARON~~s 
;o ,. 

8.0 1.5 To8.5 5.0 T'O '1.0 {.0 9 9 0 

-4 ,. 
(1'1 ~ 

CoEF.~=". LINEAR TH'E.~Yt"l·-. 
.· i -r.; 3.'5 TO '5.'5•\6',/oc, . ss ... 1 o""/•c. -~ 7.4 x. !o-"/oc.' -"! (}\ 

~ 

E')(.PA~'510N 
( ,6-.VE. FOlil ;' · ) 4.9• \0 °C... S.Q T~,.8><fQ °C, 7.0"10 "'C. ,. 

40 TO '100<:.. ~-'NwE 0 
.. 
0 

1J t:J::U ,. 
.T HE.R\11\AL C.oNouc,..,..,,i~ ·' 

r:-.1~ 
'"' I rn-< 

'WA\TSju .. L °C. • \2.4 ~loio To .159 .035 TO .038 . • 021 Te' .04-\ .044 ~T 25C. .191 AVE. F~ - .... c (i) 
13 'Z TO 2.04C. :X: C)! - .OT3 AT 400 C.. RA!oolGI:: < 

Z"' 

~ '"' ... -
TENSILE. 'STRENGTH (?'51) 1 2.) -roo I0 1ooc To IS1ooo · .z,soo To 7,ooo- 3,400 ·.,.o e,ooo -4 

1'7,000 10 18,000 ISJSOO ,- ... 
-f ~0 ... 

(OM?R.ESSI\IE ~\RE."''G'T~ (Psi) 90,000 zo,oooro ~o.•oo 4-o,ooo To60,ooo ove-R. koo,ooo IB7}100 
)"' >n 

8o,oooTo ~so,~o fi\ 
,. 

o-t~ (f1 
>;; 

TRA."''5\IE.R":>E. STReN~1~-< (PSl.) ZS,ooo z.o,~oo To ~s,ooo lO,ooo m ll,ooo 9,ooo To lS,ooo n '"' z -
(n ,. 

MonuLU~ o~ E.LA.~T:'c.'~'< (P~t) · 24><-10- ,ZQxfo" •o 30"10~ 10><. 10& 71(10GTO \4•!0'-
~ 
;)> "' ,., 
~ '"' ,. - ,., 

PowER. fA<::.roR (A;r 'M~~cv<Lt) .()0\0- .0014 .oooz To .002. ·'.oooz •o .OO:l.3 .OOGTo .010 • ooo3S2. n ~ ,., 
(/) -< 

DtELI:.<:..'iRIC CoNs"T,...~T (AT 1 I'\E6A<:Ycll) 9.z 8.0 \0 \0.~ ~-~ TO 4.;(. 6,0 TO 7.5 8.110 9.2 

bltU.C.. TRIC SiRE~Tt-\ .• ( llOLTS/MII .. ) Z90 2'5Ci To 3'50 · 100 T040Q 2.50 TO 40() 2.30 z.zo 

ld'!o ' \015 10'
5 

10
1
:t'To lD14 01~ 

!? 
.. Re.<:.l'5iliJI'TY : .: ( O~W'I C.M.) I a•?. n 

i~ J: ro ,., 
Ia. . ''4 

4"10
11 ro4"l01~ 

n 

~~ 
'a 

(o~tw\ INCHeS) 4"1.\0 1 ~ 4><. 10 1'4 "' ,j):J> 4,.10 To4"10 ... ~ .-~ 
0 ()1"' * ~"' !D tn"' 

,Te VALUE. :& TEMP. A":f Wl-ll<::l-\ )'lOO C.. >lOOC.. .,oo •o 9ooc. 300 TO SQOC.. 850C:. . Boac. -< (1 ~" /( ~ 
R~'SIS'TIIJI'T'( ~~ ECitUJI\\.. .,.9 -........ 0 

\ ME <;.oHM C.M, =. 394 MEG Oil"'! IN • Ul ~~ (") , z 

REFE.REN<:.E.~ ~I. CooRs Poi{CE.LAII-l. Co., G~L.Di.N, Co1..oRA.O~ ro~ TYPe:. AB-2 ALUMlNI>. Ce:RA.MIC. 
0 ,.... 

1---
(EN(; t.lOTE 12.-l M;44 GIVES Atlbi'TIQNA\.. -2. -f'Rt.N<:HIOwW PoRcELA.\~ Co; l F~ENCHTOWN 1 Nt.w Jt~S{:"( FOP- No. 44G~ c/) ... 

PROPER\ IE~) ('\ -.. 3."WESTikG.I-i00SE. E.~GIMEER.H MA.Y 1'3'4~ p-<}3 FO~ ~1'1-\~ C.E.AAM\C~ • 
., ,., 
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RADIATION LABORATORY • UNIVERSITY OF CALIFORNIA ,BERKELEY DATE D,D,NO. 

DESIGN DATA 1/17/47 10 
SUBJECT PREPARED 

WATER FLOW IN SMALL SMOOTH TUBES., SUCH AS BRASS AND COPPER* R. Peters 
CHECKED .BY 

Redrawn: 11 7 57 
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.om 
1 10 100 

LOSS OF H~.AD IN F'E:E'r P":R. 1.00 FEF.1' OF LENGTH** 

.!(·Data taken from Williams and Hazen, "Hydraulic Tables" 

**Loss in psi = Loss in Feet x .433 
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·- RADIATION kABORATORY • UNIVERSITY' OF. CALIFORNIA BERKELEY DATE D.D.NO. 

11/2/49 10.1' 
PAGd '1 

OF . 

2 i>A,-GE sj 
~~~S~U~BJ~E~C~T~--------------------------------------------------------------~-+~PREPA~RE~D~--~------~------~ 

-- ·wATER FLOW IN COPP~R A.HD BrW3S TUBES AND PIPE* R. Peters 
I . . I C~ECKED .BY 

DES I .G N·. DATA 

*From "Cameron Hydraulic Data" Redrawn: ll/7 /57 
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CU TUBE AND PIPE DIMENSIONS 

NamlAL TUBE 
m PIPE SIZE 3/8 1/2 5/8 3/4 1 ll/4 ll/2 2 2 l/2 3 3 l/2 4 5 6 8 

TDBE O. D. 

I. D. 
-TYPE K 
TUBING WALL 

.. 

I.D~ 
TIPEL 
TUBING WALL 

I.D. 
TIPEM 

. ··TUBDlG WALL . 

I. D. 
PIPE 

. l·TALL 

RP/plc · 

l/2 5/8 . 3/4.. 7/8 l l/8 11 3/! 1 5/! 2 l/S 2 '5/! 3 l/~ 3 5/1 4 l/E 5 l/E 6 l/! 8 l/E 

I I. I , .• 402 .5Z7 .6sz ·.745 .995 p..245 Jl..48ll1.959 ~435 ~.90'7 3.385 ~.857 ~.so; 5.741 7.583 

! .0491 e049 e049 I o0651 e0651 o065 o0'72 o083 o095~ o109 ol20 oJ34 ol60 el92 o2'll 

~ I l I I I . I . . .. . I . ~ e430. e545 : .666 ! .785 ~.025 J..265 ~.505 b..985 ~o-465 2e945 ~.425 ~.905 ~875 i5o845 ~.725 
1 .035 I .040 I .042 i .045 .oso ! .055! .o60 l .0'7o l.oso o090 .100 .no .us I .14o I .200 

; .025 l .o28 l .o3o I .032!.035 i .o42\ .049! .o;s \ .0651 ~072l .083. .095 .109 .122! .170 

I l ! j I I ! t I J .\ . t ' 
J .494 ! .625 i : .822 ;t.062 f. 1.;368jl.600) 2.062_ 2.50q 3.06~ 3-o50C 4o000j 5eo63, 6.12~ 8.00C 

1 Cu. Ft. : 7.48051 gals. 

Feet or 1-later X .433 : p s 1 
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PAilf. 

DESIGN D A T.A 11 1 6!2 
SUBJECT 

PROPERTIES AHD IIENTIFICATIOlt OF ~.fiCA 
W. W. Snlsig, Jr. 

CHECKED BY 

Raty~eda 9·11•50 

Although Webster lists eight distinct varieties or mica, only two are suitable 
as electrical 'insulators. These tvro varieties are ''Moscovite," (sometimes known as , 
"White" or "Potash" mica), and "Philogopite," (sometimes known as "Amber" or "Magnesia" 
mica). , 

Properties 

The composition and physical properties of these two micas, as reported by the 
Mica Insulator Company, are listed in the table --below a 

Chemical Composition (by analysis)--
. Silica {Si 02) · 

·Alumina· (AI2 0:3) 
Potas.h (K2 0) 
Magnesia (t~ 0) 
Ferric OXide 
Water (H2 0) 

Specific Gravity 
Hardness, Moh's Scale 
t~. Temperature at which employable 
Permittivity (s. r.c.) · 
Spec. Resist. M~gohms x 106 
Electric strength at ?OC in volts per mil 

Mosoovite 

----
2.76-3.0 
2.~-3.2 

535 c. 
4.2-5.0 

7•133 
3250-6250 

· Philogopi te 

40.8 
26.9 
12.'7 
7.6 

12.0 

2.7S-2.n5 
2.5-2.7 
1000 o. 

2.9·3~0 
0.45-22. 
3700-4200 

In addition, Standard Handbook for Electrical EnP.ineers, by Knowleton, lists a further 
electrical difference between the two micas (Sec. 4, p. 5q9 and 570)t 

Power Factor at 60-1000 Kilocycles, 25°C 

Mlscovite .0001 to .0008 (R. H. Spry) 
.04 to .01 {Lewis, Hall and Caldwell) 

Php.ogopite .003 to ~09 (R. H. Spry) 
7.12 to .3S {Lewis, Hall and Caldwell) 

. (The values are gretltly innuenced by the. presence 
or stains and inclusions) . 

Philogopite mica is superior for hi~h temperature service, but infr:!r1.or for high 
1'requen07 service. It is therefore highly. desirable to be able to distingtl.ish 
between the two t;r!)es. · · · · 

Uoscovite mica is'translucent, and colored ruby, moeen; or brmm of var1.ous 
shades. PhUogopite mtca is l"'ore or less onaque with oolor~n~ ran~inrt from pale 
yellow and sU ver to dnrk co"'r-~r nne, bro,·m. HN:ever, · physical appearance ovP.rlaps 
between the two types of mica to a cnnsiderable extent, and is not a reliable Tl19ans 
ot 1dentif'1cation for laborat.Or:,r T'l1tr!'<)ses. 

..,, 
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2-24-47 11 2or 2 
AADrATION LA9~r~TORY • UNIVERSITY OF C~LtFORNtA • BERKELEY 

DESIGN DATA 
SUBJECT PREP ~R E.D 

W. 11. Salsi~, Jr. 
PROPERTISS AND IrnNTIFICAT10}1 OF trtCA CHECKED BY 

Retypedz 9-11-50 

~pecif'ication 

Trade and regional namea do not differentiate reliably between the two types or 
mica. Thus, Mica Insulator Company's "Micanite" can he either Moscovite or PhUogopite, 
depending on the temperature service to. be encountered. "India" or "Indian" mica is · 
used loosely as a synonym f'or Moscovite mica, since most of the mica exported by India 
is Moecovite. Hovrever, PhUogopite mica is also exported as 11 Ind~an" mica. Similarly, 
"Madagascar" or"Canadian" is mUch used as a synonym f'or PhUogopite, since the 
principal mic.~ e:xpor~s of' these countries are of' this variety~ 

Grade and qUa.lity numbers are also of little help in· :differentiating between·· 
m:l.casJ in fact, it is hard to determine whether the number re'fers to g.rade (the size 
of the sheet) or the quality (purity, oolorin~, laok of imPurities). This oonfueion 
is emphasized b1 the tabla below• ... 

Nltmbe£ jkado Numb en,: - 9\w.litz 

·. l• 25" X 35 .. 3/4" sheat or lar,:tt~tr 1 Olear and i!lirtb•b1:V" mtained 
2 1511 X 23•3/4" " " " 2 Fair lta!.ned 
3 10" X 14•3/4" " " " ' S~ained 
4 6tt X 9•'J/4" " " " 4 Heavily atatnec! 

' 311 X 5•'J/4" It " " 5 Black a~ined 

. In view of the oonr.uoion :Ln ·ti'o.de terminology, all mioa ehould .'be orde~ed and 
o·alled tor on drawings as r,tcooovite or ,Eh:tlotlopi~. Grade and quality numbers ahoul.d 
always be followed'by their desoription in eize or color aea 

-'._ --,._.' 

M:l.ca•Mosoovitej Grade 5 (6" x 9•.3/411 or larger), 
. Quality l (clear or slightly stained). 

Grade and quality speoif'io·atione are not genor.ally required on drawings where 
amall quan,t:Lties are involved--the best quality belng assumed. 

IdentUication 

As it appears that oommero1al t.nica desienations should not be relied on when 
attempting to distinguish between. Philo go pi te and Moaoovi te, the following e imple 
.test is recommended where positive identitiontion is requireda · 

. ' 

Plaoe a small (1/2" sq.) sample of the unknown m:toa under a piece of 1/811 

copper plate. Heat the copper w:tth an oxyacetylene torch in a concentrated region 
over the mica sample until the upper surface of' the copper puddles. Do not allow the 
!'lame to reaoh the mica. If' the mica· ia Philo gop:!. to, little chan~e will be noted 
after this test; if it is Moscovito, the surfnce under the puddled copper vtill have 
an opaque ail·vory metallic appearance and t''e s\trfaoe \'iill become craol~ed and brittle. 
For a more positive teot, place a sa:11ple known to be Ph:tlogop:l.te alon(! side the un• 
known sample, and puddle t.he corrr.er directly above tho' junot1.on of the t\'tO aheets, 

~- thus inllu.ring that each sample was exp6sod to tlie same dAgree of hent. 

r.1e6hanicnl deaiR;ners are re(JUI;!Stod to call for mica as either Philop;opite or 
Uoacov:tto ~ d11pc•nd:t.nr~ on tho rr·~u:tr(~':l.::•nt~:J, 1.1nd nnt by trw~e or :~,•ru~1..rnltll nntMHi. 

WWSaE/e.h 
TI. IT. Snlsig, Jr. 
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DESIGN DATA. 3-14-.~7 13 o! l ~~~--__;..-_.;.,__, ____________ ~-···-"·'""""'~~~~.......L---...J..-:...~ 
-SUBJECT f'l'! "'"~~o 

POWER REQUIRT<:D TO ROTATF. A HOLLOW SHAfT !N A ·. , E.!'tMc:M~!l,~~-£~.;,.~,:,£'1·~• 
. \. h t.: ~- ~- t .. i t· ,.. . . ~ 

. MAGNETIC FIELD Ret~·pcd: 9-12~50 

H = magn~tic f'ield strength at right an~le.s to shaf't • kilogauss 

F : speed of' shaf't .;. revolutions per minute 

K : resistivity of' shaf't .material .. microhm inches* 

D1 . = inside diameter of' shaf't • inches 

D2 = outside diameter ot shaf't - inches 

P = power required - watts .. 

L · = length of' shaf't in inches · 

L is assumed large compared with D2···error is less than 10% if' 1 is greater than 5~ 
D 

p • 2.24 X l0-6 Ht 
K 

(~.- nf>. 

* . . . 
Note that the dimensions or resistivity are ohms x inches. This is numerically 
equal to the resistance across an inch cube. · 

. · ... ·:· 
. <' .. ' 

/ . 

.. ·, .. 

E. M. McMUlan 
perw. M. B. 

•·. 

~ ... 



RAOI'ATIOH LAB""'ATORV • UH•I/ERSITV _OF CAl lfORNIA • DERKELEV 

D E S I G N D A T A 
SU 9JECT 

PREFERRED UNITS 

DATE - JO. Q, NO. PAGE _ 

.-3-14-47 14 1 of'.2 
PREPARED 

W. M. Brobeck , 
CHECKED BY !teVJ. Sed "1-'1.:1..-~ 7 

Retyped: 9-12-50 

, The following practical units have been found most useful in engineering 
wrk at the L~boratory, and are raconnnended f'or all tables, graphs, calculations,_ 
test reports, etc. Quantities on which there is no question have not been included. 
Numbers in parentheses refer to notes following the tableG 

Quantity 

Length 

Weight, Mass 

·_ Temperature . · 

Power 

Volume 

Gas Flow 

Li'quid Flow 

Pressure 

En era 

Torque 

Magneto Motive Force 

Magnetic Flux 

Magn~~ic Intensit;r 

Magnetic Flux Density 

Heat Conduotivit;r 

Heat Transfer Factor 

Specific Heat· 

Specific Weight 

Resistivity 

Preferred Unit (9) 

Inch(l) 
Foot 

Pound(S) 
Gram ( ) 
Proton 3 

Degrees Centigrade 
Degrees Kelvin 

Watt 

Cubic Feet 

Cubic Feet/second(2), 
minute or liour 

Gallons/minute 

Pounds/ljca\Ulre ~.ncb 
Micronsl5J 

tofe:~t Seconds (Joules) 

Pound Inches 

Ampere Turns 

Maxwells (lines) (6) 

Ampere TUl'ns/inch 

Maxwells/square incl1 
(Line~~~quare inch) 
Gaussl 1 (tines/square om,) 

Watts/degree C inch 

Watts/degree C square inch 

Watt sec/degree C lb. 

Pounds/cubic inch 

Ohm_ Inches 

Undesirable Units 

Meters, centimeters 

Ounce 

Fahrenheit · 

Horsepower 

Liters 

Liters/second, etc. 

Liters/second, etc. 

Kg/cm2, feet or wator 
mm of' mercury 

BTU 

Pound Feet 

\~ebers 

Oersteds 

Units based on BTU or o.F 
If It 11 II II II 

" tl 11 II 11 II 

Avoid specific gravity 
Ohm Centimeters 



RADI'ATI.ON LA81lPATORY. UNIVERSITY O' CALIFORNIA • BERKELEY. DATE .' · ii.Q, .NO, I'AGI 

h-~~~--......,....;....D_E_·_s_r~· _G_N...;...,;_D.....__A_T ..... A_..__....._ ___ -t-:.· ':f:3-~l4-~·:-!S.,0_._ .... 14---._...-o-.t-t2i !; 
SUBJECT PREPARED 

PREFERRED UNITS 
w. M •. Brobeck 

CHECKED BY.; ,Re¢:1, ~22:-47 .. ,; · 
Rat ed: 9-12- 0 

. Of'ten. specifications must. be written· 1n .undesirable units, but 1l:i these cases 
it is preferable tO make the calOUJ.ation in·· preferred units and convert on:IJ' the 
result to· the other units.· · · · 

(l) 

(2) 

Inches are preferable below 6 teet and· f'or aJ.l. dimensions of' equipment, even 
though· quite large (e.g., cyclotrons)~ Feet are preferable tor dimensions of' 
buildings, maps, pipe and. wire· lengths. ·However, structural calculations should 
be kept in inches regardless of' the size ot the structure. 

Li tere per second is the conventional UD11; for pumping speed of high vacuum 
pumps, but cubic teet per eeoond is coming into. common use and. is preferred 
as. consistent with length and. volume units. Seconds, minutes, hours, days, 
and years should. be used wherever desired. for rates. · 

. . . . . . 

(3), · :rh~ mass of the proton is preferred. where atomic quantities .are. involved. 
: ,. ·. .. . . . .. . ,. 

(4) Omit the. degree sign (0 ) after figures, as it is diffiC\'llt to type and 
unnecess4r7. · 

(5) Used for vacuum calculations. 

(6) "Ma.x\.lells" and "Lines" are two names for the same ·unit. 

(7) The gauss, although based on the centimeter, is the unit in general use by 
the Laboratory, and to a considerable extent, in industry. . · · 

(Sl. Grams are used for small quantities of chemicals (e.g., deuterium ~Xide)" 

(9) Multipl.es of ten, as kilo, deci, etc., are to be used wherever desired. 
Pistingu:Lsh abbreViations of milli, micro, and mega when necessary. · 

w. M. Brobeck 

, NMB:E/ah 
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SUBJECT 

RADIATION LABORATORY· UNIVERSITY ~F lOIL4FORNtA • BERKELEY D, D. NO. 

DESIGN· DATA -'3/17/47 1.5 
PREPARED 

RADIO FREQUENCY POWER LOSS IN:-S!iEET·CONDUCTORS· W.•' M. ,Bro~ck 
CHECKED BY 

i • RMS amperes per inch perimeter 

d • ·skin depth - inches (i.e., .thickness ot sheet that would have same 
power loss with DC current • i) 

p · • resistivity = 1 for annealed copper (0.68 microhm inches at 20C) 

f • frequency in megacycles/second 

w • power loss in watts/square inch 

p • magnetic permeability of. sheet = 1 for non-magnetic materials 

d • 0.00260 rP::. 0.00260 
. J v:r . jF .. 

for copper 

w • 0.68 X 10-6 i 2p 
d 

• · 2·.62 x l0-4 i2F for ·copper · 

PAGE I 
OF 1 

2 PAGE 5 

The following graph gives d and w as a function of i and f for copper sheets. 

Notes: 

d • U in· consistent units ( cf. Ramo & Whinnery, Fields and 

Waves in lfodern Radio, 1944, p. 205 et seq.) 

d is assumed small compared to the radius of curvature of the conductor. 

W. M. Brobeck 

WMB/nh 
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RADIATION LABORATORY· UNIVERSITY OF CALIFORNIA • IERICELEY 

DESIGN DATA 

RADIO FRE~ENCY POWER LOSS IN SHEET CONOOC'l'ORS 

'1 ~ ; I 

IIJ.' . i 
ltl ··, !· 

. I :1 

. .· !J t·~ , ... 

. 1-

:U 

DATE D.D.NO. PAGE 

OF 2 
3/17/47 15 PAG~$ 

PREPARED 

w. M. Brobeck 
~CH~E7CK~E~D-B~Y~--~---------

Copied 12/5/57 by K • CnnnAlly 

.. , 
r-j j. i-1+.i+h'i\14ilit··1fl-:fM.I+.J-+It:'1-I~H-fii:-HlH-4+it+H++H-H-l-H-H+H-HH-H-H 

2 

:'ltf ' ~ '! 
I · 11 ··' i. : ·! 1-ll.,II·I~HHH-l• 

'I 

i' 

' 

H+l+l+i++·t+·h~-1-H-t H ': ' f' 
•ITr if·• 

H 

' 

f ii' 

' 
L 

' I f-.i ., 

-h ' I 
' I 

RMS ~MP.S 
/NCH P~~/M£re.fl, 

2 6 1 9iOOO 
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RADIATION LAOORATORY - UNIV. OF CAI.IFORNIA -BERKEI.EY Date D.,D .. pa ge 

DESIGN DATA 3-17~47 15 3 
Subject 

DEP'Hl*OF 
Prepared 

SKIN RADIO FREQUENCY CURRENT W .. M ........ _.._ 11t-
Copied 

10-, c;'_c;'7 IC -Co1"11"1A11v 

J 
• 9 

8 

7 

6 

6 

4 

-- -
3 

-- rs· .. -
2 

.. --- ·--- .. ... 
- .. 

- -. . -
--- -- -. -· 

- - ---
.. -·- .. , 

------- - -- ------ ----
9 

.. .. 
8 

7 
r-- -- --

6 - --
I-· -~ .... -

~ 
6 

r- .. 
o\ 1·--:-

-
- .. 

I 

iS s -
1--:: 

~ - .. -- --- -
2 

e -- - ---- ... -· - -... - -.. .. - . ----
tf.) - -- --- . ----- --

... 
.. -- -- -- - -

0.1 1'-
9 

8 

7 .. 
,.,-.6 

' -
6 

-1-- .. 

4 

_. 
f--

s - - .. --
··--

-

2 
-- ·-

-. ···- ------- - ... ... ---- ----

r 
~ 

0-01, 2 3 4 6 6 7 il 9 to ~- s 4 6 6 7 8 9100 2 3 4 6 6 7 8 9 IC 

FREQlJID.X}Y - MEGAC !ClJiS PER SFXJOND 

*Thickness ot oc conductor that would have sane resistance. 



AAHI.TI\111 LJIO"o'TERS ·rUH(/~UITY or A~:t;.n•nA ~;-;~·~"~·~-~,-··· """"'r··~-~~; ·(o i 7 NO•~-;~ ;} -
SUIJECT 

_, __ . _ ..... ·· I PllePMHO ··--

PUMPING SPEED OF PIPES & 01\l'FTCES AT H!Gli VACUtit·! Marvin Martin 

** T.he baaio equa:tion tor molecular !'low through pipe a and orifices is 1 · 

'(1) ·where. Q is mass rate of !'low 
P1 and P2 are upstream & downstream pressures . 

*o ·is proportionality consta6t for the'gas, . 
temperature, area and lengtl') of pipe·. 

MOst vacuum tlow calculations use a factor which is related to mass rate of !'low by 
the folloWing equa t~n t -i 

(2) Q • .,2! where f' is the mass density of the gas· at pressure p. 
p 

Hera Q has the .dimensions ot Pressure x Volume and is uauallr expressed in 
mic~on li tars per second., Time · · · 

A ·us~tul equation tor calculation of the flow of air iss·· 

Q :ls in micron liters/sao~ . 
A is crcaa sectional area in square incbdSe 

. Pl. and P2 are in microns. . 
Xis a factor.whose value depends on the 
. geometrr of the pipe. . 
(X • 1 for an orifice in a thin diaphraglll) 

Values of·X in equation (3)r 
(Taken from Loeb, Kinetic Theory of Gases. See also Clausing Physik, 66, 471, 
l930J Ann. Peysik 12, 961, 1932J Ph7sica 9, 65, 1929) 

1. Orifice in a ·thin diaphragm 

2. Along cylindrical tube of length L and radius ·.R 
. where L ·">> R 

3. :A slit llke tube as shown whe:re a>>L>;).b 

Kal 

x~.!!n 
• 3 L · 

K • B lolP h. L ·· c.e L 

------------~~-------~----------------------------------~----~ '• 

.. 



RADI'ATI.OH LAB'.'"ATORV. UNIVERSITY OF CALIFORNIA • BERKELEY 

. D E S r· G N. D A T A 
SUBJ£C.T 

PUMPING SPEI!(D OF PIPES &: ORIFICES AT HIGH VACUUM 

4. A long rectangular tube where L>>a and t>>b 
See·Pg. 4 

5. A short C711ndr1oal tube of length L and radius Rl 

DATI 

4-2-47 17 
PREPARED 

Marvin Martin. 
CHECKID IY 

Ret d* · 9.;.15•50 

Find K as a·tunotion of I/R from Curve I. 

6. A short alit like t:ube as shown where a>>b and a>>t 
. . · Find K as a 'tanotion· ot ; from Curve II. 

N~te1 .NotaUoa 118ed differs from; tllla·t of Loeb, ret"~ l. 

* (): 1!n. equatfmlt (1} for an orU"i!e1t ~s A~2 ;p 

** Molecular flow ceeus: when' the mean free path is greater than the lfnea-1" dimensions 
ot the s7stem-. 

,. ----...-----· ' ................. -~·· ... ~... ' '. 
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P"~~.,._.,......_, _____________ _,.. ____ ...,... __ ,_,llr----,..-·· 
~~IHATif.\N LADI\~'f<TORY. UNIVERSITY OF CALIFOANIP. • BERKELEY . OATE 0,0, 110, I"~GE 

D E S I G N D A T A ·. G..; 20 -50 2 :3 I _ 
---~--'~ ___ .. __.., .... ....., __ 

5V9JtCT 

NDiES 

C/-1£ VRON SE4L 
INTERNAL PARTS 

. h $1/A.FT SfiOUl.D BE 
POI.IS'IIED. 

2. Oil. LI.IBRICATION 
lJ£SIRA8J.e A/HER£ 
VS'E IS Flf'Et,yi/ENT. 

:ISIIAFf 80/JY SPAIN($ PIUSS"URI: GAJ"KEr t.A.NTERN SEAr 

DIA. BORE ~ASN.Ef RINl$ ~IN($ IUN($ 

I 
2 .,. 
4 

I 

'/J. 
4 

I~ 

PARr NO. PART NO. PART NO. PART NO. PAHT'NO. 
·- ~--·-·· .. . ·-· ~· 

•875 -~~4352-1 /1(7101 d(j600I IK7111 1.K71~1 .878 ¥-1-' 

l.l2S. 
. . 1.12? u -2 :J(il/41 BQ601/ 3~11.31 8(11121 

/,962 
/..966 ,. .. 3 lqi~SIB .3t;G021 IG'/2914 ICi/88/A 

1.625 
/.6?7 Of -4 9901 2N471/A 988/A 9891 

. 1:8?5 
1.8?? oa ·5 4f4tJII 4£4.001 4£:1981 4E402/ . . 
2.111 
2.11$ 

PllrPAR£0 
J,f.-: 0./) I! (',!r·'l'/" 

-~·-·--~--- .. 3"-::i.R.:~:.'i. .. ~. 

A . .B··c,D 

ti. 
16 

I .. 

I 

;.a. 
€19 

I 

I 

. . 

~ a2 
I~ .. 
i6 
1§·· 
~~ 

I lu 
15 

76 

lL a· 
I~ 'B 
:I 
8 . 

2. 
I~ 

.2 ,, 

IS ·.z 2 
i'G 8 16 

;;! 2.250 
. . 4. 2.253 •• -7 1613718 3(;6041 lt;/.99/A 1(1140/A :: 

2 2.~25 
2.~2? 

zl 3.1~.5 
2 3./2? 

3· a.?so 
.$. ?:551 -- .. 
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RADI'ATI.ON L/19('1'1\TORY ··UNiVERSITY OF CALiFORNIA • BERKELEY 

. DESlGN DATA· 

· C/-161/I?ON S£4L . 
. ' . ~. 

CHECKED BY 

. ASSOCIATI!O PARTS 

THE FOLLOY'I!N6 ARE ORAWING·NUA48tRS OF P41-?TS 
PR£V/OVSLY DeSIGNeD. W#EN NEW PARTS ~A·~ L>ES/6/VE~ 
TI(EY s;.;ovio BE ALJLJELJ TO TI-llS' LIST rOR GENERAL. 
RtfFcRI!NC{f; 

I 

NUT 1-/0VS/Nt$ 
[);;>AWING NI/M8el? ORA WING NVMBER 

G£. 2..5.31 GE:.2S2./ 
.. 

' . ' 

.3(ill6/ I 5L32:3/ /Gil72 
··-~ 

j -
1~1421 

. . ... 

.. 
•· 

9932.) 9942/ 48 501/ 9922 

·' 

---
I (714 8~ 41/ ~6 61 4K'25'6/.J 449t8ZZ 

1---:-- -----·-
IG/441 

- ·-------·-----
2Q'3t/02 

.. 
I 
I ------ f--·--·----·-·--···-""""""''""'-"1 

51 ~"2" 5LB304 .- ::> ;::> £;. I 
.. 

_________ .. _____ ,.., ______ .::..-,-~·- ·' 

485332 2Q.B412A ;? C? ~.a 4,4 l ·. /. . ··' '•· ,·: ··.' I 
; 

'· .. I . ·~ · ... 
I I I I I ... ---··-----~----"-·---- I 

______________ _j_ 
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. SUliJEC:T . -.... . . · · tr' ''l·'<~ll . : · 

W. M. Droheck 
HEAT TRANSFER B~T'ti'~EN CONTACT SURFACli::J IN VACUUM r~~7~7Hli:JiJJ:on:']tzcy/'fi8'"RE 

Retyped 9-26-50 

MATlRIAL COPPER - SURFACES OPI'ICALLY FLAT 
. 

From Jacobs & Starr, Review of 3cientific Instruments, Vol. 10, p. 140 

CONDUCTANCE OF 
INTERFACE AT 2S C 

WATTS 

I~ DEG C 

1.; 

1.0 

o.; 

0 

0 10. 20 

LBS 
PRESSURE BET\'{EEN SURFACES IN2 

30 

Note 1 Radiation Transfer between black bodr surt.aces at 200. = Approx •• 004 · ... 
· \'latts/In2 Deg c. 

Therefore radiation can plar no.appreciable part in transfer under above 
·conditions • 

Note added September 20, 1948: 
· Data on heat resistance between cold-rolled steel blocks tested in air by 

Brunet and ~ckland of the General Electric Co. (Design News, Septo 1948) show 
contact resistance var~ing from 6 inches equivalent length of steel with rough machi ·d. 
rusted aurtaoea at zero pressure to l/4 inch tor clean lapped surfaces at 300 psi. 
·In seneral·inareaae from zero to. 300. psi cut the resistanca .to l/2 to 1/3. 

WMB/RB/FP 
.....,.----··~·-·~-.----~-·-·-----·-----.. -·~-,------·--"--~--·--·--------------·- ... -----· . 
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RAOI'ATION -LABMIITORY • UNIVERSI TV OF CAt!FORNIA • BERKELEY DATE 0, Q• NO, PAGE • 

DESIGN .DATA .3-19-48 . 25 ~ or 3 
BU BJEC:T PREPARED 

Ralph Peters 
- HARD SOLDER CHECKED 8\' 

Retypedr .9•19•50 

1--~~~~~~~-
~ JV1ELTING' COMPO· OONDUO• COST PER 'l'F.NSU.E 
~- SOLDER . MADF.: BY POINT FLOW POINT SITION TJI

0
1!f LB. STimNGTii 

' cO fO .1. Approx. I ------~~-----+-F-o~~--~ro---+c-o---+------~c-~_-_~_~R--+-------+-----------
~ E~~>Y""1f'lo Handy & 

1

11160 627 1175 635 ~0% Ag. 18% ~ 6,.27 45,000-
~ Harman ~5. 5 Cu~ 1.30,000 psi. 
;; 16 .. 5 Zn .. 
~ & lS CdG 
!~ . . 

.l.su-Fos trand:r & 1185 641 1.300 704 15% Ag. 

~ Harman i 'go Cu. 
ti I· 5 P. 
r. ~ 

~ Ph\:<8.. 1Vlesti·1g~ 11304 1707 1382 750 192% Cu. 
~ Copper .- ho~s~ i 1 S% P. 
r: ! I ' 

~ ) ' f I 
il Jf:::u'.~Y' $:!..:1.""· !Hr.u)c/y s,: I 'l''Rfl f ,t)r)J ·1325 71S 65% Ag. 
I ver Solder j""'"nlan 1· ~ ., .. · i~ ~: 
" ~ ! ' f 

11 ·-· ·~~ L d "' l 110!; 646 I t; ,I!.Hrlji'~.t'.t.O :1tan y (.\! ... u 1270 688 
1
1 1? 3 I Harmn11 
ii i I I 
~ l I I 

~ 1· 1· I ~ 
~l 

~ ""-~"--""""'· -
i G1~Ni'-rRAL 

50% Ag. 
20% eu. 
15% z·n. 

Cd. 
Ni. 

14~ 

4% 

2.3% ' 

40,000-
60,000 psi. 

·20,000• 
40,000 psi. 

64,SOO psi. 

~ ·~~,.., ... - ,._,_ 
~ ·- Solder f'ilms should be between .001 and $010 thick favoring the small clear• 
~ ance. Too tight a fit causes bare spots. 'l'oo large, gives poor capillary flow and 
~ weaker jo~ts. A film .,0015 thick is twice as strong as ·one .015 'thick.. · 

Handy & Harman flux is always used except on Phos•Copper and Sil•Fos copper 
to copper joints. This nux can.be used on any solder with a melting point between 
1175° F (635°0) to 16000f (S71°C).. · 

i tooating shoulders are useful in soldering assemblieso Provide locating 
ll acrews, clips? etc. to hold assemblies while soldering. 

! 
i 

Use soft solder on brass bello\'tS whenever possible., 

~ Specify if machining is to be done before or after soldering. Nearly always, 
, or course~ it should be done after soldering. 

Data on electrical conductivity is not conclusive. Values Riven above were 
-·measured at R.L. and are the ·conductivity of the vtire solder before using in a joint, 
which may or may not be related to the resistance of an actual joint. rrestin~house 
claims conductivity of a thin film of Phos•Co~per is 98% that of copper. Butt joints 
with Easy~F1o and Sll·Fos are claimed to have conductivities S5% to 96% that or copper. 
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SUBJECT 

EASY;.FLO 

.. -D E S I G N D A T A . ., > ~ ~-· 

PREPARED 

.Ralph Peters 
HARD SOLDER CHECKED BY 

Retyped: 9·19-50 

Hard soldering always anneals metals. 

The first solder listed above is what is conunonly called Easy-Flo. 

It melts at a lower temperature than any other hard solder. 

Flux is always used with all Easy-Flo's. This is a basic weakness because 
occasionally flux is occluded in .. a joint. For this reason Easy-Flo is not reconunended 
for vacuum tight joints. Try to 'make vacuwn solder joints copper to copper soldere~ · 
with Phos•Copper or Sil-Fos. It the use of Easy-Flo ort vacuum joints cannot be avo~ded 
try to design the assembly so that ~he Easy-Flo joint 'is made in the shop and al1 field . 
assembly joints are copper• Special attention should be given· to inspection and ! · 
testing of Easy-Flo vaouwn joints including thorough flushing with boiling water. 

. . . . . . ' . 1 . 

· Easy-Flo is definitely the best solder for funace brazing. It can be {\sed 
on most metals. Do not use where fillets-are needed (it is very fluid and has only a 
very short plastic range). Do not use as the first solder on a two solder assembly 
where the first solder is not to remelt when tqe second soldering is done. It is good 
for the second solder on such an assembly. Use everywhere, except oh-the exceptions. 
jus:t indicated • 

. srt-FOS 

Use Sil-Fos, without flux, on vacuum tight copper-.to•copper joints that will 
need to be remade. Never use it on anything but copper-to-copper. Handy & Harman 
recommend it for use on brass and bronze with flux, but Lab technicians,. while admitting 
that it can be used on these materials even without flux, nevertheless seldom use it on 
brass and bronze. In general, use it on copper assemblies, especially if large fillets 
are required. It has a wide plastic range. It is never as fluid as Phos-Copper or 
Easy-Flo. It does not embrittle copper as much as Phos-Copper·does on repeated reheat
inu .•.. Do not use Sil•Fos on furnace brazing jobs. It will not flow properly. 

PHOS-COPPER 

Phos-Copper makes practically a fool-proof joint on copper-to-copper tubing. 
No flux is required. Cleaning is not criticalJ nor is heat control. Always use .Phos
Copper on copper-to-copper joints unless the joint will need to be remade. Phos-Qopper 
embrittles copper and should not.be used on an assembly where the joint will be subJect 
to vibration or flexing. Westinghouse recommends it for use.on brass and bronze with 
flux. I~b technicians, admitting that it can be used on these materials, even without 
flux, nevertheless never use it on brass and bronze. The melting temperature is too 
high for these alloys. Phos-Copper is perhaps the most fluid of all solders and flows 
very well by capillary action. Do not use in furnace brazing jobs. Never use on 
ferrous parts. 

EASY SILVER SOLDSR 

This solder has approximately the same characteristics as Easy-Flo but a 
higher melting polnt. Use it as the first solder in two-solder asseMblies, posr.ibly . 
excepUng cofJper hro-solcer as::;emblies \"thAre Fhos-Copper or Sil-Fos could be used. 

-. 
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D E S I G N D A T A -4 ... 19-48 25 ofJ 
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PREPARED 

Ralph Peters. 
HARD. SOLDER CHECKED BY 

Retypedt 9·19·50 

Use it even on copper two-solder assemblies if it is a furnace brazing job. Easy 
Silver So1der works well in the furnace. Phos-Copper and Sil-Fos do not •. 

. . 
EASY•P'LO 113 

This solder bas a wider plastic range than Easr•Plc. Use it on all 
·applicatio~a, except oopper•to•oopperj,.where hea17 fillets are required. Use SU•Fos 
tor,tilleta on oopper•too.oopper. 

I 

smm.tw -

• 
!Pii'P/ah 

Use SU•ros on copper 3cin.w to b, remade or requ!Z'inr t:tllete. 
Use Phca-copper .on perma11ent untlexe4 copper ~oints. 

·Use Easr SUvar ~JClder on two•aolder: asi!lembU.ea. 
Use lasr•rlo I'J tor fillets u:oept on copper, 
Vee la8,-J1o ever,whera elseo 

Ralph Patera 

............. ~----~-------·--·------- ·---------------~--"'"··-------.. ~···----""·'"'"''-·""'--·-·-~----' •' •• '·' ,... •""'1':, 



RAOt·ATION LAB,riiTORY • UNIVERSITY OF CIILIFORNIA • BERKELEY' 

DESIGN DATA. 
SUBJECT PREPARED 

R. Nickerson 
ELECTRICAL CONDUCTIVITY OF SOLDERED AND WELDED JOINTS cHEc\r _,a~\: .\:. 

. One-half' x 1/2 x 2n bars of Tough Pitch Copper at.95'% ACS 
were butt-joined the following methods a · 

1~ Easy Flo, Easy Solder 6~1, Sil Fos, and Phos Copper 
brazes by Heliarc in spaced bars at .002" spacing. 

2o Heliarc fusion welds following common heliarc practice 
using pure Silver, Tough Pitch Copper, OFHC copper, 
3?2 9 ·and 939 filler rods·e 

Excess brazing and welding beads were .ground orr to give a 
1/2 x 1/2 section at the weld. · 

D.C. electrical resistance through 2 em of the bar including 
the·joint was measured and the data is reported as an increase 
in length of·unjoined copper path normal to the joint for each 
such 3oint9 to give equal D.c. resistance. 

Method Joint Material 

Solder Easy Flo 
Easy Solder 6'57 
Sil Fos 

. Weld 

'RN/mh 

Phos Copper 

Silver . 
ToP o .Copper 
OFHC Copper 
Anaconda 372 Rod 

(Silcon Deoxidized) 
Anaconda 939 Rod· . 

(Phosphorous Deoxidized.) 

Equivalent Copper Path Increase . 
---..a:Pr.ze:.os.r__.,_jo.int - inches 

o03'7 
$048 
eO~~ 
.121 

.123 

.138 
•. 135 
.151+ 
.180 

p' II GF.' 

1 

. : 

- / 

··: .. 
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DESIGN DATA 2-B-49 
SUBJF:CT PREPARED 

W. u. Brobeck 
COtTVENIENT FACTORS FOR USE IN COOLING. CALCULATIONS CHECKED AY 

Ret ed: 7-28~50 

Heat genera~ed in copper conductor* at CUl;'rent density or 1000 8.rnps/in2. 

oc 
?O 
40 
60 
so 

,,KW/TON 

4.20 

4eSS 
4.90 
5.20 

Water flow tor lQC temperature rise 

Transformer oil flow tor 1°0 temperature rise 

Air Flow for 1°0 temperature rise 

--.. -
... -

'l'heoretical Power to pump 1000 GPM against 1 psi. 

Theoretical Power to pump 1000 CFM against 1" water pressure 

3 • SO GP~IJ/KW 

7. 6 GPnlf/KW 

1750 CF~.IJ/Kw 

: 0.5S2 JIP 

: 0.15S HP 

W. M. Brobeck 

*International Annealed Copper Standard Resistivity 
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RADrATION lAe~r•TORY · UNIVERSITY OF CALIFO~NIA • BERKE(EY DIITE D.l)t NO, PIIGF. 

.D E S I G N D A T.A. S~l5-//) 32 · 1 nfl 
SUBJECT 

F.T = 
.Ek Ill 

Eo II 

X = 
e = 

PREPARED 

FORHUT..A~ FOR PAP.TICV~ ACCT.:T.~RATOR CAT.CULAT!01r.i 
USING 11P.TBGTROH VOLT" tniTTS - . ...-.-/ 

w. rrt. Bro b0C k . 
CHECKED BY 

Retyned: Q-10-50 

total .energy ) B ., magnetic flux density • gauss 

kinetic energy l electron volts c .. velocity of li~ht • 3 x 1010 en/sec -
rest energy velocity/velocity of li~ht , = 
voltage gradient- volts/em. R - radius in em -
charge in electrons f .. rotation rreouency in cycles/sec -
centimeter units are retained·to simplify the formulas 

' 

~----~--------~----------~------------~----------~----------~-~·--------· . NON•;o;:LATIVISTIC FO~MULAS FOR tOW ~W.RGms* 
~IF.LD ~T~TIVISTIC 
ACTING FOR!AUJ..A FOR 

ANY ENERGY· 

tMGNE .. 
'l!IC 

RADIAL 
EU.:o ... 

TRIC 

BOTH 

~~ . 1ET2-E 2 ag:. o 
300 Be 

r= 300 Bee 
27rET 

. ·. 2 
Rclcc.: ETP 

Xe 

Fic1.ds acting 
in opposite 
direcUons 
R _ 1 
n- X 

mag 1- .300Bp 
R=oo 'tfhen 

l X= 3.00 B~ 

. . 

Rma .f2EoEk 
. g- .300 Be 

£::.300 Bee 
2 77'E0 

Relec=~ Eo 
Xe 

-? 

ElECTRONS PROTONS 

.3Q.370 JE; 144.4 jEk 
.B B 

2.S0x10
6B' 1526B 

·0.5llxl06 

IEU'J."'m ONS 

204.0 jEk 
B 

764B 

6 
1~74x10 

RF.LA TimlS IN MAGNETIC FJ7.I,D 
FOR Al•TY ENERGY 

At.PHA 
PAR'riCtES 

11~.3.9 .~ 
B 

76f1JJ 

.. · ..... 6 ' 
3729.:::1() .. 

. EE"'T.· 9/. As 300 n~n 

sl:-1 e = JS 
< ( •• 

4 . . 

Error does not exceed 1% if r:k is belo·:r 1% of' E
0 

'WMB :FP/ah .checkQd by: R.P. W.H. Brobeck 
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PROPERTIES OF NON·MAGW.TIC ~,ANGANEst STE'Ets 
W. C; Twit.chell ; --UH.CI(fD O'l 

Fro~ Jessup Steel Co. Retyped 7·10·SO r ._ _____________________________ _..._"':"" _______ 1 .. 1'6,\1~''''-'•~ 

~-~----------------------~:-----=--------·-·· Properties J~noop ~ 

Chemicall C 

Physical a 
(Average) 

Mn 
Si 
s 
p 
Ni 
Or 
Mo 

TS 
YP ( .• ~ otf'set) 
E1·2" . 
Red. ·Area · 

Hardness 
Izod impact 
Charpy impact 

Bend 

Endurance' limit 

#9 Super Hish Tensile 
1 

.30/.40 
12A2o7S 
.40/.60 
.• 040 max. 
,090 max. 
3ol0/).40 
4.00/4.25 
,.40/.60 

115·130,000 PSI 
B5-100,000 PS! . 
35·56~ 
40•50% 

B.H.N. 217 to 300 
R5·90·tt. lbs, (6SO F) 

' 37•43 i'te lbs. c-soor) 
1~0° aro~d a pin.eQual 
to the thickness ot 
material being bent 

(R.R. Moore rotating · 
beam) 64,000 PSI 

Miscellaneoust Permeabilit.yt 
. . (•200' to lOcP ·C) 

Speoif'ic Gravity 
Res1stivit:ri 

(Microhm cmo) 
Coef'f'icient of 
Expansion 
(00-10000 C) 

l'fu • 1.003 to 1•008 
.. (H::300) 

(as-rolled condition) 
7.9 
67.8 at 25.1°0 

~~brieat:lon data (H9SH'f. and E•200): 

E-200 

• 25/.45 
10.50/12.50 ---(,040 max.) 
(,0<:10 max.) 
7.oo;s.oo 
(.20/.30) ---
SO•lOO:,OOO PSI 
30·60,000 PSI 
50·75% 
30·7~ 

---

• 

SO (6B° F) 
30 ft. lhs. (·?0° F) 

1~0° around a 'J/4" nin 
for 3/S" plate. · .. 

---
1.003 tole006 

(H:lOOO) 

7.9 
6«)to'71. 

· Working propertieet Drawing, bendin~ and forming • ~. Flame• 
cutting • good. Machining and drilling - fair. (Harder to machine than Type 30!. 
Stainless, but good finishes can be obtained). ' 

Welding properties (General Electric Co. recommendations)r 

-"'R!t;nrd:in~ ...... , • the weldin~ tecbnie?ue which we reeo1'l'l'm~M ~or weld:tn~ non
magnetic manganese-n:lekel steel, our 171'0,rks .f.aboratory at Schenectarly informs m-e that 
pro.ct!cally nll weldin~ on th:ls ty-T1e or sti'!-P.l within our com'OOny is rlone with the . 
metallic arc proce-ss usinr; a ehrorne;.,nickel flux ooat.ed electrode. 'Mlt!! P.lecrt.rotie most 
cornooru1 used is Type 316 stainless (19%', chromium, 1J1, nickel, 2~1./2-:f. mol;vbd~num) ••••••• 

.tii'!iilii""iliii''-'lili""l!ilili'' ..... · ..... -.._._......_ _ _,_.~,'"·~----------------.......... ililliliiii.iliiii'" ......... illilli."i!!iii''i!Jil-"lilil'-'iliilii·'-----............... .....,. ... ,..,. ...... ~,.-, 



RADi'ATtoN L.IIBtlllATORY UNIVERSITY OF CAL.JrORNIA • BERKELEY 

-D E S . I G N D A T A. 
-DATE t·0.

3
.iJ

3
. NO.,P2~GE 11-2:..49 

PREPARED SUBJECT 

PROPERTIES OF NON4.fAGNETIC MANGANEst STEELS W. C~ Twitchell 
CHECKED tlV 

From Jessup Steel Co. Ret,Yf!ed 7-10-50 

"~fanganese nickel non-magnetic steel has thermal characteristics simil~r 
to stainless steel and since it is welded with stainless steel electrodes the 
recommended welding technique, ·joint prepS:ratio~, JtCo ·is similar to that reco[tlltleuded . 
for stainless steel. This same welding electrode and welding procedure ma:r be used for 
joining manganese-nickel non-magnetic steel to plain lo.w carbon steel ••••• 

"Welded joints in manganeae·-nickel non-magnetic steel do not have the 
same physical properties as the base metal manganese-nickel steel. Ho1·;ever, the 
welded joints are non-magnetic so that the welda serve the purpose for which the 
material is usually intended. . 
· "Manganese-nickel steels do not readily lend themselves to other methods 

of welding. Ho\iever, it is possible to use some of the other methods of welding on , 
special applications o o o o ••• 11 

Quoted from letter to Wo M. Brobeck, signed R. o. Broaemer, dated November 
7, 1945. This applies to Josaop Type il:-200. Type #9 can be welded·with the same 
techniques using Type 304 rod .. 

Stress relieving and forming (Jessop Steel Co. recorrunendations for E-200): 

"•, ••••• ,Stress relieving is des~rable and in the case of the non-magnetic 
(steel) can be accomplished by heating of 900°F to ll00°F. o o,. Time allowed for , -
heating is usually l hour per inch of thickness o This stress relieving temperature! 

.. is satisfactory for combinations of non-~1gnetic to mild steel, non magnetic to non
magnetic ·or non-magnetic to stabilized austenite. In the case of non-magnetic to 
austenite subject to carbide precipitation (i.e,, greater than .a; C) full annealing 
must be resorted to. 

"Peening of welds for local stress relieving can bs done on non-magnetic 
to non-magnetic welds but on dissimilar alloys where dilution, etc. take place, the 
disadvantages are readily apparent in that deposits reoembling casting can and do · 
exist and the resulting effect on magnetic pennoability on the auetenites that reopond 
to cold working may be undesirable. • • o • , " · 

"The (E200) non-magnetic steel can be cold bent to a 90°angle on a 
3" radius, however the sheared edges within the area of the bend should be ground to 
assure against cracking. This steel responds to cold working· in that the hardness, 
yield point and ultimate strength ia raised as in lB-8 stainless but not as rapidly. 
Also it differs from the l8•B stainless types in that magnetic permeability is not 
affected. 

"For hot fo:nning the material should be heated to 1300 to 1400°F and 
formed~ Subsequent reannealing will not be necessary since no metallurgical changes 
take place in this operation. 11 

Quoted from letter to \•1. D. Douglass, signed I.Bo Anderson, dated 
October 20, 1945 .. 

Availability 

Type E-200 is stocked in bars and plates. See RL Hetals Catalog for sizea 
6n hande 

Jessop steels are available from the mi.ll as plates, sheets, and bars. ' 
r The maxim\Un plate size at lU thickness is 48 11 x 12011 •. The current prico for 1/211 plate 
'is 31 cents per lb ... F.O.B. mill. . 

VI. C. Twitchell 



-::r -
I 

a 

RADIATION LABO.AATORY • UNIYERSflY or CALIFr.rNtA • PEAK£LIY DATE D,D, NO, PAOElA: 

11-4-49 34 :f:AO'ES' DESIGN DATA 
IUIJEr.f PREPARED 

RULES FOR HIGH PRESSURE GAS EQUIPIMENT W, M. Brobeck 
CH~CIUD IV ' 

Retyped 1 4-s-54 

I. DESIGN 

Ectuipment designed· under these rules is expected to~l1ave a reasonable factor 
ot safetY" and require only the ordinary precautions expected or commercial high 
pressure installation. Equipment not meeting these requirements ma7be designed 
onlr on specific approval or the uncter~1gned. · 

~sure vessels within the scope or the ASME codes (over 6 inches dia. 
and 15 psi fo7' untired pressure vessels) are to be designed and constructed. 
according to tho requirements or those co~es. , 

· Pressure vesse~s made or commercial pipe anq/or pipe fittings must not 
be used above the working pressure tor which the pipe.&:nd7or fittings are rated. 
Such vessels must comply with all the ru~es herein. 

For pressure vessels not withing the. scope or the ASME codes the calculated 
stresses at the working·pressure and temper~ture are to be not more than two-fifths 
the yield point nor one-fifth or the tensile strength at the working temperature 
or the material used, 
. . 

Welding is to be avoided tor longitudinal joints or· shells or such pressure 
vessels under 6 inches in dismeter. Where ar11 welding is used the complete part 
it to be stress relieved according to the procedure required tor the material 
used. Where ~elding is used design stresses·must be suitable reduced, 

. . . Pressure vessels' tor use at temperatures below -soc must be made or 
material having :bn,pact strength as· required by paragraph' UGS4 ·or the 1950 code 
tor untired pressure ve~sels. · 

Welding should be avoided in pressure vessels tor use at temperatures 
bel~ •50 c. All. causes· or stress concentration must be avoided in vessels 
tor use at these temi:>eratures. . 

A record ot the stress calculations and strengths ot materials with 
sources or data i$ to be kept in the engineering no~tile tor all pressure 
vessel designs·. · 

II. T!jSTINO 

. AU pressure. vessels are to be tested at ~east twice their working 
pressure. · 

. Anr special conditions or temperature or temperat-ure cycles to which the 
vessel is to be subjected in use are to be reproduced as closely as possible 
while the test pressure is applied. 

A repor.t or the test is to be written by the engineer in charge and 
kept in the engineering note tile. . · 

The test pressure, working pressure, date and initialS of the tester, as 
well as the ~rawing nl~ber, are to be stamped on the vessel it this can be do~e 
without affecting its strength. · 

. Completed pressure vessels are to be free from manufacturing defects 
that might affect their performance in their intended ~se. 
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III. INSTA~tATION 

All pressure equipment is to be installed in a substantial manner 11ith 
supports strong enough to stand tl:e reaction of a jet reswl ting from br~'aking 
of cny pipe or fitting. 

A safety val~e or blouout disk must be installed on eaoh pressure vessel 
operative at ~ny time tho vessel is charged •. 

Safety valves or blowout di~ks must limit the pressure ~o 20% above the 
working pressure. 

All safety valves or sample blow~ut disks must be tested. 

No valves may be used betwuen the safety valve or blowout. disk and any 
pressure vessel. 

Pressure gages are to be included with will indicate pressure in any part 
of the system.in which it may exifit. This doae not apply to portable pressure 
vessels. · · · 

Changes made. in equipment or its assembly.for use only at pressures below 
that for \.Jhich the equipment wAs od einally daslened (reduction in the number or 
bolts in flanged joints for exruraplA) must be approved* and all safety requirements 
mot for the lm1er pressure. Where l~ss thnn tho orieinally intended bolts or 
other supports ar~ used the ntunhcr of bolts or supports required for the reduced 
working pressure must be clearly shmm on a sien or by such cbvious means as 
plugging holes. 

lY_, POR.~~BLE PRESSURE VESSELS 

P:ressure vessels to be moved whlle under pre~sure must be protected well 
enough to stand accidents in handling such as droppirg fr<.11l. a. heleht of 10 ft. to a 
concrete floor. 

Portable pressure vessels must be clearly marked to ahmt uhen they are 
charged and with 'What type of gas and prenst1r~. . 

.. ·::· 

Portable pressure ves·sels mu~t be st.ored in a safe place. 

Portable pressure vessels must be provided with a blo\oiOUt disk as 
des,cribed under 11 installation" • 

v. GENERAL 
I 

Cmission from these rules of mention of any factors at:fecting the safety 
of pressure ges instnllAtions does not mean sue~ factors are to be dis:reg:a.Fded 
but rather th~t they nre to be left to: the judgment of the engineer in cha.:rge. 

•by the engineer in charge. 
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VI. I?J~TRUCTioNS:\t'~·····,;i;1 ··, • ... :· )'; .. 

" . :iii::. ·L:'tlt;;:t~·: . 
Instructions· iiiMtin~ the precautions to be taken in op~ratin~ the equipmtmt . \ 

are to be prepared and copies sent to all persons concerned. One copy :ts "-..o . be r:tlf:\d 
in the engineering note tile. · 

The installation is tQ include a sign reading "DANGP.R, HIGH PW.SStm'€ 
EQUIP'1r.liT" • 

A list or persons author bed to operate the equipment and the name or th~ 
engineer in charge is to be attached to the equipment • 

.. All. instructions and lists ot authorized persons are to be signed ey th~ 
enr,ineer in charg&. 

All pressure vessels containin~ M.gh pressure gas are to be painted yellow. 

. The Working -pressure ot the equipment is to be clearl7 shown on a ei~ or .. 
. nameplate. . . . , 

When systems contain a poisonous gas a sigll must state the. name or the gAR 
and ~hat it is poisonous as "DANG~R • HIGH PRF.SSURE BORON 1RJFLUDRIOE GAS M POTSOWOUS"• 

W. M. Brobeck 

wrmaFP/ah 
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dONVlffRslON CHART· FOR U .C.R.L. PR~F£RR.::P H~AT TRANSFu;n UNITS o 'l.'heo~di~~~TI~~i_~~~Ma!.:-ti 
C:HFCkEb BY •' .,, 

Retyped 7-1<)_:5<) 

t--"-·--·~·---------···-· -----····· .. ·--··" -····--·--· . 
?Rul tiple Quantitr To Obtain ouanM.tr 

Expressed in by F.xpressed in 
~------~~------------~----~-------

Symbol 

L 

A 

k 

Quantity 

Length 

Area 

Volume 

Specific 
Heat 

Aba.olute 
Viacoait:r 

Heat 
Conductivity 

< 

Conventional Units 

em 

em 

em) 

B.T.U. 
lb •.. or 

cal 
gm oc. 
..... __. ......... -··-. 

centipoise* 

c·entipoise 

centipoise 

cal 

0.3937 

0.032B 

0.1550 

0.0610 

3.531' x lo-5 

1B99 

10.632 

Preferred Unit 

in. 

rt.3 

watt sec. 
lb. 0 0 

watt sec. 
lb. 0 0 

lb. (mass) 
sao. rt. 

lb. (mass') 
.hr. rt. 

lb. (f'orce) aec. 
rt· 2· 
' . 

watts 
0 0 in. 

B.T.U. watts 
2 o.o4;g4 

hr.rt. (°F/rt. 0c in. 
---·------+~--~---·-------~---------~~~~ 

watts 2•54 .. watts . 
__ .. ___ qm .~Q---.---.-· ··"--· -.· ---·---~...__-~-·. "-'·c=<-_.1::.:..n!r .. ,.'---......i 

*1 .po_·ise. : i .a ..... _ e s .. ·eo 1
c·. "'. 2 .• -.·.· 1 · ·/ · · · · u.,vn 1 • '"' gram s~c. ern. . . 

. ' 
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c Multiply Quantit7 To Obtain Quantity 
~xpressed in by Expressed in 

Symbol Quantity Convantional Units Preferred. Unit 

Calories* 4.187 watt sec, (Joules) 
H Unit ot Heat 

B,T,U. 1055 watt sec, (Joules) 

- ·- •. --. ............... ,.., ...... _, .. ·- .... ---... -.... ..,.. ... ...... - .......... ... ,._, ..... , __ , ...... --.. ·~ .. .. ···.-· .. ,_ .. ·-~ 
.._ 

B,T.U. 
.293 watt hr • 

. B.T.U. 
1.055 kilowatts sec. 

q Rate ot Heat 
Flow 

.2!! j 
4.186 watt 

sec. 
\ 

I 

746 h.p. watt 
_, ______ - - ... __._ ... - .......... _1-..-• .... ~-~ . .. - ·-

cal 
27.006 

watts 
cm2 2 sec. in. 

q/A Heat· Flux 
B.T.U. 

2.035 x lo-3 watts 
2 hr.ft. .in. 2 

--~ .. ~·' . .,. ~ "'' ····- .- .. ~ "''""'"'~-·- ___ ..... , .......... _,._ ... " ..... --.-.. -..... .... -·~~----·'"''''""''· .............. .,., ...... - .. ··-:---........ ~ """'·'"::' , ...•.• ..,., .• ., .... ,,.,,,_,c,_·,·· ., •.. , .... ,..,.,.,,.,._.,,,.. . .... , ... -~~-~~-~~~ 

a:r.u. 3.663 lo-3 watts 
2 

X 

hr.rt. OF oc in. 2 

h,U He,at Transfer -
Factor cal I watts 

sec. cm2 oc 27.006 oc . 2 
t 

J.n •. 
f ~ I 

* 1 calorie ::. heat to raise 1 gram of water l°Co 

·' 

. ' .. -··· 
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TRANSFER. UNITS 

PREPARED H.Gordon,Uartin 
~calise ll•i4-49 

Convenient Factors for Use in Fluid Flow Calculations 

For air and water at 21°C and 29.92 in. Hg barometrio pressure 

A. Velocity Head • ~ 
2g 

1. Air -
[

v (f'.p.m.)J 
4005 

2 
• in. water (vel. head)~ 

[ 
V (f.p.m.)] 

2 = p.s.i. (vel. head) 
2.11 X 104 

2. Water 

[ V (~;~· m~)] 2 
: p, s ,1, (vel, IK!ad) 

l V (i2~2"') J 2 
= ~.s, 1. (-...1, h•od) 

B. Reynolds No. 111 Re 111 vr; · 
1. Air -· Re • 512o5 VD 

V • velo in ~ . seco 

CHECKED BY 

D • diao in inches of round tube 

B 4 X cross sectional are& 
wetted perimeter· for other shapes 

2. Water 
'tte • 7.93 x 103 VD 

V • vel. in !h.. 
sec. 

-D = ,dia. in inches of round tube 

: 4 x cross sectional area for other shapes 
wetted perimeter 

HG; '~~ff; DTS/FP /ah 
~----------~~--------------------------------------------------------------·· 
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DESIGN DATA 

FRICTION FACTORS FOR .PIP( FLOW 
Reference: Transactions of the A.S.M.E. November, 1944 

01 
.008 
006 
.005 
.004 
.003 

.002 

(&110 .001 
. 0008 

~ 
.0006 
0005 

z .0004 
::z: 0003 C> 
::I 
0 .0002 II: 

~ 
j::; .0001 
~ .000,08 

II: 28&rs 
.OOO,Q4 

. .OOO,Q3 

.OOOP2 

000,01 
.000,008 
.000006 
.000,005 

.I 

I 2 

PIPE DIAMETER IN FEET; 0 
.3 .4 .6. ~ 4 9 

' RV 

• 
3456810 20 30 40 )() 80 

60 100 
PIPE DIAMETER IN INCHES, 0" 

DATE 
q/27/51 

D.D. NO. 
36 

PREPARED: L. E. Brown 

CHECKED BY: W. Brobeck 

20\5 
07 

06 

05 

c.-

:I 
008 

200 
300 

MU 1763 

~'- (\4 
VALUES OF I "': ~A~R '60;; (~~TY ~~~ r.X.gi_AM7'g 

1_ I ~ ;OF I ~~ ~ERIC~Rf~ IE '""I ..;,.! 4QOOJ 
0.1 

.09 l-· 

.08 

.07 

.06 r'. 

.05 I .04 

........ 
:--... 

.03 
~ 

.025 • .02 ['., 

._r-.... 
~ 

-·~ 

..... 
r-.... 
~ 

·.ol ~~ 

009 

008 
lo' .!0' 104 2:10' 

' 
105 21 108 

MU 1762 . REYNOLDS NUMBER R.• ~ v V IN .fl. SEC.' 0 
2 

IN Ft IN ,v -lle:) 

'"'""" I!Oil 
100~!00 

oiool ~!1001 ~!100 ~"" 

I( '-1!1 ·~ 

0~ 

04 

03 

; 02 

01~ 

g~a IIIIa 
006 m 
004 i 

,e 

002 ~ 
-~ 

001 ~"" oooa 
0006 

0004 

0002 

0001 

000,05 

000,01 

PAGE 
I 
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R.. )\. NUkerson 
. --PROPERTIES OF .METALS A 1 LOti 'l'EMPtR.A TURES ICHECKEil IIY_ j 

~-----------------~,--~-~----~~~~~-----r--..~--~--~----------~--;, 
I 

ALLOY & CO'U'OSITION To
0 

Y.S. --_ · T.S. Elong R.A. Impact 
· 1000 psi. 1000 psi · · % ' 

ALtP.HNtf.\f & ALLOYS 1 

2SO 

-.(This data typical of that for all Al. 

{ 
20 4.15 1.3.2 41.5 

.;;.so 4.15 · 15.2 47·. 5 
-18() 

17-ST 

61-S';l' 

COPPER & ALLOYSt 

Pure Copper 
• 99.98% Sot't 

Pure Copper 
·99.9% Rolled 

Cartridge; ·Brass 
70•30 Ou•Zn 
Annealed-

Naval Brass 
6o cu, 39.25 zn, 
.75Sn 

., 20 
_ -so 
i 20 
l -so 

---. {. ~0 
-so·· 

I / 

·l-~g. 
. -180 . 

{ 
20 

·lSO 

20 
-so 

-u~o 

f 20 

1•180 

ao-ryllium. Copper 20 
2.56 Be ~ -so 
(Solution Treated -180 

(Aged) __ 20 
... go 

t-180 

Manganese Bronze 20 
38.85 zn, lo43 MD -so 
1.25 Pbp .,9 Sn . -180 

45.5 
46.5 
43.7 
46.4 
.39.2 
41.7 

8.6 
10.1 

. 18.3 
43.3 
50.4 
28 
27 
.30 

28.8 

37.2 

24.9 
-29.1 
·so.o 

125 
147 
155 

24 
27 
28.8 .. 

68.0 
. 70.0 

70.1 
74.1 
46.0' 
50.4 

31.4 
38.5 
50.8 
45.8 
5.3.0 
51 
58 
74. 

57.1 

81,1 

76.2 
86.7 

112 
187 
202 
214 

72.4 
75~5 
94.8 

15 
16 

2.3.3 
25.3 
21 
22.5 

48 
47 
58 
16 
19 

49 
60 
75 

49.4 

48 • .3 

36 
.38 
41 
2.6 
4 
_3 

28 
31 
37 

76 
74 
77 
55.9 
;5.4 
78 
79 
73 

so.; 
48.4 

50 
54 
57 
5 
s 
6 

" 43 

141 
Iz, Standard Iz.cd V notehJ C, Charpy; V, cna:rpy V notch 

alloys) 

19 Iz 
20 Iz 
27 Iz 
15 c-v-
18 c-v 
12 ·c-v 
12 o-v 

43 Iz 
44 Iz 
50 Iz 

66 Iz 
69 Iz 
?9 Iz 

41 Iz 
40 Iz 
40 Iz-
2 Iz 
3 Iz 
.3 Iz 

20 Iz 
22 Iz 
20 Iz 

Remarks 

Note 1 All 
Alur.1inum Alloys 
retain their 
toughness & 
ductility to 
.. 3000F. Room 
temperature dnto 
app1icabledown 
to liquid Air 
temperatures. 

62 ·C-V' 

69 c .. v 
/20% Reduction 

Typical of be
havior of brfl.::W0t 

at low 
temperature a 

.Ahl1eet1ed 

Typical example 
of property 
changes in 
precipi;tation 
hardenable a.lloyc 

Annealed 
)i 
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PROl'RRTIES OF METALS AT LOTI TEMPERATtmES 

ALLOY &.COMPOSITION To
0 

Y.S. T. s. Elong R.A. Impact 
1000 psi 1000 psi · % 

Remarks · 

NICKEL & ALLOYS 

'"A" Nickel 
99.4 Ni, .1 Cu, 
.15 Fe, .2 Mn, 
.05 Si, ,1 C, 
.oo; s 

Monel 
671 Vi, 30 Cu, 
1.4 Fe, 1 Mn, 
,1 Si, ,15 ..:, 
,01 s 

"K" Monel 
66 N1 1 29 Cu, 
2. 75 A+, • 9 Jl'e, 
.25 ~, .15 c, 
.5 Si 

Magnetic 

24 
-so 

-190 
24 

-so 
-190 

24 
-so 

-190 

21 
•1S3 

24 
-so 

-190 

21 
-1S3 
-253 

24 
-so 

62 

86 

133 

155 
54.4 93.4 

S1.8 122.S 

)1.3 
49.5 

93.7 
100,9 

67 
91.$ 
96.4 

78.7 
115.3-· 
10J.S 
117.45. 

92 
12S 
142 

94 

Transformation 24 125.9 157.3 
< -1.35°C Soft Quench .:.so 134.6 171.6 
< -101°0 Aged 

. Inconel 
78·, 5 Ni, 14 Cr,. 
6$5 Fe, .25 Mn, 
.2 ·cu, .25 Si, 
.os c, .oos s 

24 
-so 

24 
-80 

36 
42.5 

147 
:155 

94 
106 

132 
164 

22 

1.06 

'3.12 
32.7 

46.7 

57.5 
49.5 
19 
21.8 

:n 
44.5 
.38.5 

15.5 
17.3 

31 
40 
70 
10 

75 

58 

216 c v 
235 c v 
234 c v 

Annealed 

58 185 c v } 
' 205 C V Cold Drawn 

54 210 c v 
45.5 195 c , I 

236 C V Hot Rolled 
57•2 227 c v 

75 1S9 C V 
72 184 c v 
72 216 c v. 
71 219 c v 

212 0 v 
70.6 216 c v 

216 c v 
\ 

100 Iz) . 
119 Iz)Annea1ed 

Oold Drawn 

) Forged 
.) 

130 C K J . . 
133 C K Quench 1750PF 

37.4 27 C K l Quench & Age 
41 •1 28 ° K (See note on Be· 

Cu) · 

65 
64 
49 
51 

13:0 C K 
1.3'3 C K 

58 c v 
6) c v 

1 Quench 1750°F 

1 Quench & Age 
~ 52SCF. No 

! appreciable de• 
I dreaae in proper· ·. 

ties of unagad 

C, CharpY'J V, Charpy V notch; K, Charpy K!:!yhole notch; Iz, Izod 1ncone1 to 
·.315°F .•19.3°C 

.... 
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SUBJECT 

PROPERTIF;S OF METAIS AT LOW TEf.fl'EPATURES 

ALLOY & COUPOSITION To0 Y.S. T.S. Elong 
1000 ps~ 1000 psi %-

STAINLESS STEELS 

.302 
.11 o, 16.2 Cr, 20 44.8 93 
11,5 Ni •180 118 220 

.304 20 .· 
~06 o, 18,25 or, •185 
9.7 Ni 

316 20 
.07 O, 18.41 Cr, · •76 
9.SS Ni, 2.8 Mo 

.321 
.o; c, 19.04 cr, 
9.15 Ni, 
TiS x %0 

.347 
.07 c, 18.97 Cr, 
10e29 Ni, .95 Cb 

20 
•76 

20 
-76 

20 
-76 

20' 
•76 

'91.·5 
!03 

:.119 
13; 

36 
38 

85 
S9 

50 
52 

128 
135 

87.2 
22S 
1$2 
196 

133 
186 

86 
143 
131 
174 ' 

92 
146 
145 
165 

48 
55 

69 
44 
22. 
~9 

23 
.31 

45 
46 

22 
. 32 

41· 
40 
14 
33 

PREPARED 

R. A. Nickerson 
CHECKED BY 

R.A. Impact 
% 

Remarks 

52 118 Iz, Water Quench 
2010°F 75 118 Iz 

Sl 
63 
64 
67., 

73 
60 

79 
74 
69 
67 

'76 
t9 
bO 
&3 

119 Iz ,.-11-- Annealed 
119 Iz .....,~[Annealed 

"] & 66 Iz Cold Drawn 
68 Iz (·lScPc,· 65 Iz) 

89 Iz A & CD 
77 Iz · ) (-180°0, SO Iz) 

178 ·c V [~ Water Quenched 
161 C V ~ 1900°F 

89 c v 
75 c v 

. 12.3 c v 
115 c v 
rn r.· ·-" 
16 cIT 

1 
Annealed & 
Cold Drawn 

l 
W • Q. 20000F 

, ( .. 180°0, 115 CV) 

~ Jl'ru ~aled & 
j\ Bold Drawn 

Ferritic & Martensitio Sta'inlesses· of' the type 
40.3, 410, 416, 420~ 4.30$ 440 C, 449 Should be avoided far low 
temperature service. 

References a 

RN:ah 

··American Society For Metals Handbook & references therein 'n Low Temperature 
properties.ASME, ASTM Sjrrnposium on "Effect or Temperature on Metals", June 23, 
193li ' -
U~S$· Dept. of' Commerce • Bureau of' Standards Research Paper 1882, 40, 1948 

"Influence of Low Temperature on Mechanical Properties of 18.811 

International 'Nickel Co. Technical Bulletins 
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l 

(Expressed in different units from 
those used in or1ginal article) 

P~ ::: Press. @ infinite time (ultimate press.) ()l) 

F = Fore pressure (p) 

b : Conetant involving 'back dittusion through diffusion puii.\P 
b = o.ool tor most dittuaion pumpe pumping air 
b ~ 0.1 to o.s for H2 and H8 

L : Leakage rate (p pt)fmin.) 

S : Pump speed (Ft)/min.) 

Ay : Exposed area ot volatile material (in2) 

At = Cold trap area (in2) 

Pv : Saturation vapor preseuro of volatile material ()i) (eee curves) 

P 0 :: Preesure at time t 0 <11> 

.:[ 1111 Indicates summation ot eimilar terms tor other volatile llliater.t.als. 

The fozmula !or preuure vs. time 4:.nclu<ling outgassing ettEtcts is: 

(2) P ... Po • ... ~ (t ... to) + Pqo ( l ... • .. ~ (t-to>) 

v :: Vol\IIJIM of e)'lttm ( rt,l) 

t ... t 0 • Pumpins; tim• (lllinutes) 

Pv is usuall1' taken tram """"' I 24 to 36 hours. 

Further reduction of P with time -is attributed to illpoveriehlllent of eurface 
in volatile. conetituente. 

The preceding relations, r~commanded by Dlltillation Products, Inc. to 
caloulato the ultimate pressure in systems containing volatile materiale, 

· are based on the assumption that the volatile material exhibits a conetant 
vapor pres~ure at its surface. This usually results in a peesimistiQ estimate 
of pres_sure .due to aurrace impoverishment with time. 

*From: Ulti.m.ate Preeeuro in High VaculJR 5)'1'teme b;y a1a. D&1'ton, S~poei\UI\ on 
Electron Mioroeoopy, Ch!a~go, o-12·48. Diiti lation Produote, Inc. 
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TVBES RADIUS OF BEND ALTERNATE: AVAilABLE 
o.n. TO TUBE CENTER LINE IN SHEET mA I~ f.TT("l ~ _ 

~ •.. 

'6/16 7/lS 

1/4 9/lS 
S/JS ll/lS 

'6/8 l!S/lS 

7~ 1 l/2 

l/2 11/2 1 l/4 

S/8 2 19/l.S 
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7/8 3 

1 s l/2 
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D E S I G N D A T A 1 0 

SUBJECT • , 

CHECKED BY 
ReF. R>WER, lOSS IN CAPACITY LOADED QUARTER WAVE TRANSMISSION 
LINES . . . 

Corrected 7-24-51 
The R.Fo power required to produce a given voltage on the capacitor which terminates 

" a fore-shortened (luarter wave transmission ·line depends upon: 

(1) 

· Capacity.---- C, Farads 

Frequenc,y ----- t, Cycles/sec 

Outer and Inner Conductor Diameter ---- D and d, inches 

~esistiv~ty of the Conductor Material ----- International Annealed Copper 
c Standard is assumed in these formulae,. 

These factors are reiated by the following formula& 

·[ Q2 + Si~ 2Qj 
p • ~ Cl...+-+.1 f.:L_. ) 2 . .... ------rr [D d.J \go Sin2 Q 

Watts 

Where 30 m Characteristic impedance of line • 138 Log10 R 

= Length o£ line, radians • tan•l Xo = 
3o 

27fL --
" 

L and ~ are length of line and wavelength corresponding to 
frequency~ r~ in consistent upits 

The above formula :·may b"S used to calculate the power in any llne, :but neglects end · 
losses in the shorted end ot)the line and losses vhich occur in the ~erminating capacity •'i 

. . 1 

___ ,....L -- - ~ rEE· 001..c- --
<::l ~b ---- ---

.L_l._ _i ---·-· - - -

___ 1~ Current and voltage 
variation with length 
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R.F. Pol-tor Losa in Ca.pacfty Loaded Quarter Wave 
c •4 t . ~;. .:-; ~ y" • 

Transmission Lines 
Mal-vin Martin 

PACE 

2 

. I · In design problems it is desirable to find an optimum geometry, i.e. 1 Ol18 

·I 

I 

vhich will require the least power to produce a given voltage on the cnpncitar. 
The attached curves show the variation of P (proportional to shunt admittance) 

. . ~ .·• . 

vith respect to the ot~er parameters. 

There are two cases which may be encountered in design. The trequenoy fs 
assumed fixed by other consideration.s in both cases. 

CASE I Capacity fixed, length, variable, 10 'ftl'iable (This ia the usual case in 
orolatron design ·where 0 is the Dee 'iapac~\~'"'!'"'::_::~:r). . . 

Design Procedure 1 

1 
1. Calculate X• ( 2Tf.t'C ) 

2. Select D/d t'ran Figure 1. 

3. Make D as large aa s~oa and mechanical oonaida:rationa permit. 

4. Calculate Q • tazt1 ~ 
lo 

s. Oaloulate power .fran ·aquat1on (1) 

1 6. It opt1Jnum D/d cannot be used, the aenaiti'V'itr to ftlues ditte:rent 
i'l'cm the optimum can be rsaan in l':tgure 2. 

Lersgth Pixed, capaoit;y Trlriable, I va:riable. •(Thia oaee mar be . 
•nocnmtered where tor meohanioal ;laao~a the maximum leZJgth 11 detezm!ned 
and s.t ia permissible to va17 dirnensiona or add extm oapacit7 to the 
dee) . I 

Design Procedure • 

1. Make D/d • 9.1 (10 = 132.5) 

2. Choose D as larse aa poaaible ae in Oaae z. 
I ' 

3. Calculate power from equatioa (1) 

4•' It Optimum D/4 (9.1) o~=ot 'be ueed the aenaitlntr to valuta 
' dit.t'i:l"lnt tran. optimum · oa11 'be 11111 in J'ipre 3. . · 

i + .s!"\! l'isun. 4 ia a ourn ot ~ ___ ap.inat ; tor oozmn1•110• in oalcrulatiraa 
s1n2a · 

powera, , 
; 

It ~he outor aonduator is non-oi~ular in ahapa, a value ot D1 ui'V' mar be used 
whloh oorfosponda to the e.ot\141 ·a ot the line. :rcr I ot miaee~oua shapea 
tlP.Je 11 Rtlf~<ii't~Me DBta for Rtld:l.o Ene~neo:ra" - hderal 'l'ellphone and Radio Corporation. 
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RADIATION .LAB~PATORY. UNIVERSITY OF CALIFORNIA·· BERKELEY 

. D E S I G N. D A T A 
SUBJlCT .. 

Relation. Between "Q" and .Shunt Impedance In Capaoity 
Loaded Quarter Wave Transmission Line, at Resonanoe 

1. DEFINITIONS& 

Q = ..l n (ener_a _f.t't_oredl 
energy lost/ cycle 

where lJ : 21ft 

= ~u p 
= WL_ 

R 

U : energy stored at voltage V 

P : power required to obtain voltage V 

L : inductance/unit length ot line 

R : resistance/unit length ot line 

Shuni Impedance a 

"'• :: y2 
2P 

(See De D. #1.2 for other S1211bols) 

.CHECKED _BV 

2t RELATION BETWEEN Q AND i!;. (Follows trCIIl 1. abcwe) 

Q_ :_·'"'!!!'1'1'1-.-- . ( .JL + Si; g§ 
- I 2 lk *'o . . sin2 e ) 

tor & : Tf/2 (Zero Capacity) 

MMaplc 
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DESIGN DATA 8/5/52 
SUBJECT PREPARED 

IMPEDANCE OF A LOOP COUPLED TO A CAPACITY LOADED, QUARTER 
WAVE TRANSMISSION LINE 

B. H. Smith 
CHECKED BY 

D. Mack 

~ )( 

• IT~ 
dr 

L 1 1 
I .. t I • - -. i 'f' I 

c~ ~ Z.s I a. I 

W-~-.. t 
V: Capacitor Voltage 

Vi., ~ = Loop Voltage and Impedance . 

H..t • I = -j V cos f3x . Vhere f3 ·= ~ 
fZl 2trr 2trrZ0 sinf3L ~ 

':£ fl· d1 = .fo X E .• d: - - jo>,< .£-; . d:-
Assume~ ((1/4 

V =...,u.V cos ~x r ¥ Jl!!.!: • b~ fV cos ll" LD (__!2.. ) . 
1. 2'1TZ 0 sin >t) r Z0 sin L , D-2a. 

, D 
- -·3. 
.2 . 

Converting to Inches, Megacycles/sec., and Volts 

Vn.,. ·QM bf'V ar»lJJ'f Lo~:10 (~~Volte ~ Z
0 

sin ~L · · 1- :la 
D 

OHMS 
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. . · .. ~ D E S. I G N D A T A 
SUBJECT . • 

MAGNETIC PERMEABILITY OF COLD WORKED 18-8 STAINLESS 
STEELS 

PREPARED 

Nickerson, R. 
CHECKED BY 

The 300 Series Stainless steel alloys are low carbon iron 
alloys with nickel and chromium added to retain the austenite (the 
high temperature, non-magnetic, form of iron) at room temperature. 
The .austenite so retain.ed is not, completely. stable--the strain 
energy or thermal energy-necessary to cause it's transformation 
to the low t·emperature magnetic ferrite is a stab1.11 ty measure of the 
austenite and magnetic permeability is a sensitive measure of the 
amount of transformation occurring. 

The accompanying graphs on pages 5 and 6 report the results 
of magnetic permeability studies of a group of stainless steels 
representative of each of the AISI 300 series classes which have 
been cold worked by rolling. The data is representative only of 
rolling and will_vary for other forms of cold working such as bend1.ng 
or wire drawing. (e.g, 18-8 Stainless wire is used in magnetic 
wire recorders as the recording element) · 

Hardness and tensile strength as a function of cold rolling 
is shown on the graphs on page 3 and 4. These curves permit 
relating; in a general way, the mechanical state of fabricated 
sheet or plate with permeability. . 

USE OF THE DATAl 

For steels of ·composition other than those sho'Wll.on the graphs, 
it is possible to estimate the permeability in the following manner: 
From the chemical composition of the stainless steel, stability 
factor .6. may be computed : . . ~. 

... . 6_-=-% Ni - I(~Cr -4-l, 5% Mo - 2Q)2-~ - 35 x % C + 15 
l ' 12 2 -

The % C of the stainless is carbon !n solution and not 
carpides precipitated as CrC, CbC, or TiC. The results 
of these calculations for the steels shown on pages 5 and 6 
are given in the table on page 3. 

The steel of the unkno\in permeability can be expected to have 
a B~B curve corresponding to that shown pn the graphs for a similar 
value of l:l. • From the permeability curves, it may be seen that the 
permeability increases rapidly with cold work . for 6 valu6 1.,rhieh 
are negative, and less rapidly, the greater the value of • 

This data applies to stainless steels in the composition 
range.· 

c .03 - .\20 Cr 14 ·- 25' 
Mn o.4 ... 4.0 Ni 7 e ') - 21 
Si Q3 - ·. ') Mo 0 - 3.0 

.. 



I ·A-:-I--s·-~ -- . -~c-·-T. _:- ... Mn 

1

1. s1

1 

1.. P 
Other T. S ~ · ''·' l %Cold Vk I liard ·· b. 

i'= =====t:====¥===9=' =~·~~==t===*===*===i========F==--= ' !· -· --

s Cr Ni 

301 

321(1) 

.·347 

302 

308 

316 

310 

1 I l less than 1 les-s thanj 
.074 .sa, .• 34l 17.55 7.761 .15M~ 1oo,ooo 1 5% 1Raao-a2 -7.92 

.o56 1.58,.481 18.23 10.36 .24T1 95,oOO-llio,ooo, 3 .. 6 · I RB~2-85 ~3.40/3.60 

.o64 1.61i .471 18.31 10.26 .68T1 95,000-100,0('() I 3 6 . .. . I I 

.o43 .92,.42j.on .oo7 19.00 10.66 

· 1 I 
.n55II."7BI'. 58l.o14 .015 18.36 10.67 

. I ' I I 
i i 

.126' .63 .4oj.o15 .ooa 18.4o 8.99 
. I 

.o68 .89 .43J.oi6 ~oo6 17.90 11.74 
I 
I 
I 

.15'413. 92 ,49~ 
I 

20.65 9.61 

95,000-100,000 5-8 

.95Cb 105,000-115,000 8-12 

120,000-130,000 12-16 

I 
ll25,ooo-14o,ooo 20-25'· 

.o~ 1.67 .31 17.$2 13•37 ~-39Mc 

I 
• 

I 
I 
1 

I 
. 
• . ~; 
L 

Rc2I-25 ~1.901-2.2c 

Rc25-2~ - .so 

4-1.00 

~.12. 

.. L 
I 

t 

....... 
7 

C"l-
< 

:z~ 
~-

: .• 
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SUBJECT PREPARED 

ELECTRON. WORK FUNCTIONS OF THE EI..Elv!ENTS H. P. Hernandez 
CHECKED BY. 

ELEMENT WORK FUNCTION ELEMENT \'10RK FUNCL'ION 
¢m, VOLTS 0'm, VOLTS 

. ~ ~ . - -~ ·-·· ····- . 

• 
Ag 4.28 Li 2.39 

Al 3.74 ~Ig 3.46 

As ~.11 Mn 3.95 

Au 4.58 .,ro 
' 4.27 

. 
B '4.5 Na 2.27 

.Ba 2.29 .· Nd 3.3 

Be 3.37 Ni 4.84 

Bi 4.28 Os 4.55 

0 4.39· Pb 4.02 

Oa 2.76 .. Pd 4.82 . 

Ob 3.99 Pr 2.7 

Od 3.92 Pt 5.29 
, 

Ce 2.7 Rb 2.13 

Co 4.18 Re 5.1 

·.Or· 4.51 Rh 4.65 
.. 

Cs 1.89 Ru 4.52 

Cu 4.47 Sb 4.08' 

Fe 4.36 Se 4.72 

Ga 3.96 Si 4.1 

Ge 4.56 Sm 3.2 

Ht 3.53 Sn 4.11 

Hg 4.52 Sr 2.35 
• 

Ir 4.57 Ta 4.12 

I< 2.15 Te 4. 73 
~ 

La 3~3 
. 

Th J.4a .. 
,., ,.,, 

_. ,·· 
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:DESIGN DATA. 
S1J BJECT 

ELECTRON WORK FUNCTIONS OF THE ·E~NTS . 

ELEMENT. 

Ti 

Tl 

u 
v 
w 

Zn 

Zr 

. WORK FUNCTION . Jim;. VOLTS . 

..... ; ................ :, .... .......... . 

4 •. 09 

:3.76 

:3.74 

. 4.11 

4.$0 

.:3.74 

:3.84 

H. P •. Hernandez 
CHECKED BY 

Th~ data for work tunctiona is taken trom the article "Electron Work Functions 
of the Elements", Journal of Applied Physics, June 1950, which lists measurements 
publiehed.'during_,the period 1924 - 1949. 

For most of the elements values obtained b.Y thermionic, photoelectric, or contact 
potential methods are about the same, and, to obtain representative· values of 
work function, the unweighted mean ¢m of all data for each element is tabulated. 

The reference article also contains a curva which shows the comparison of the 
first ionization potential, Ei; electron work function, ¢m; and the standard 
electrode potential EO versus atomic number. From this curve a hypothetical 
value of work function may be predicted for elements on which no data has yet 
appeared in literature. 

HPH:ah 

l 
~--------------------~--~--------·~-~~----------------------------~ 

, . 
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SURFACE FINISHES w. M. Brobeck 
TYPICAL APPLICATIONS AND COST COMPARISONS CHECKED BY 

The following table is copied from Oak Ridge National Laboratory 
report ORNL-1051. It should be stated that the relative cost 

.varies considerably with the design of the piece to be finished 
and the shop facilities available. 

The laboratory has a profilometer available for the measurement 
of surface finishes. 

COST 90MrARISQNS 
AWl 

SURFACE FINISH APPLICATION TABLE 

ROUGHTNESS 
HEIGHT VALUE 
(MICROINCHES) 

TYPICAL APPLICATIONS 
TYPICAL METHODS 

OF 
PRODUCING. FINISH 

1 

2 

4 

·a 

16 

32 

63 

125 

250 

500 

1000 

2000 
Oo18(M) 

Micrometer anvils, mirrors, high 
grade gages · 

Shop gages, comparator anvils, metal 
to metal faces 

vernier caliper faces, sliding contact 
under heavy loads, ·precision roller 

· and ball bearings, seal faces moving 
relative to flexible seals retaining 
gases 
Sliding contact under high load such 
as cam faces. and journal bearings, 
good grade ball and roller bearings, 
seal faces moving relative to flexible 
seals retaining liquids and greases 

High speed shaft journals under 
moderate load, commercial grade ball 
and roller bearings, ball and roller 
bearing seats, "0" ring grooves for 
static seals, valve plugs and seats, 
cylinder bores, gear teeth 

Sliding contact under light loads, 
splined shafts, key seats, facing for 
friction clutches and brakes, solid 
metal gaskets, mating faces of pre• 
cision parts, gear teeth, highly 
stressed parts, piston O.D.s 

Mating faces of machine parts (no 
motion), for appearance on outside 
faces, to obtain size dimensions to 
decimal tolerances 

For a great variety of non-critical 
assemblies, such as housing parts, 
facings on pipe flanges trueing·up 
and stock removal, sizing to decimal 
tolerance 

Flange facing using soft gaskets, 
clearance dimensions (airfits), for 
rough machine parts, for stock removal, 
for trueing up or to obtain size to 
fractional tolerances 

Primarily for stock removal only 

For stock, removal prior to finishing 
cuts . 

For stock removal prior to finishing 

Lapping, polishing, superfinishing 

Lapping, polishing, superfinishing, 
micro•honing 

Grinding, micro-honing, lapping, 
super finishing, burnishing, polishing, 
etc. 

Grinding, honing, lapping, rolling, 
polishing, burnishing, etc, 

Grinding, rolling, lapping, honing, 
some moulding and extruding, etc, . 

Grinding, turning, milling, broaehing, 
reaming, honing, extruding, moulding, 
boring, etc. 

Shaping, grinding, broaching, turning1 milling, extruding,· permanent moula 
casting, drilling, boring, etc. 

Shaping, turning, milling, grinding, 
boring, forging, rolling, extruding, 
drilling, permanent mould casting 

Shaping, turning, milling, rough 
grinding, shearing, forging, boring 

Shaping, turning, milling, sand 
casting, sawing, planing 

Rough turning, planing, millin~. 
torch cutting, aawi~g, etc. 

Very rough turning, planing, milling, 
tor_ch cutting, sawing 

APPRO X. 
RELATIVE 
. COST 

40 

35 

30 

26 

20 

15 

10 

7 

5 

3.0 

1.5 

1 



-:Ill -0 
N . 
Cl 

1 

1 

1 

1 

' 
RADIATION LABO'RATORY .; UN'IVERS'ITY OF CALIFORNIA . BERKELEY DATE I D. ·D. N01 PAGE 

; 

11/26/51 .' 48 1 DESIGN DATA ., 

SUBJECT PREPARED 
w. M. Brobeck 

THREADS. • LOADS AND STRESSES PER UNIT TORQUE 
CHECKED BY 

., .. 
The following tabulation is copied from "Bolts, Nuts, and Screws" by r..amson and Sessions Company. 

.' ' ' 

NO. OF' THREADS PER IN, 
BASIC AREA OF SECTION MAX, COMBINED TENSILE MAX, AXIAL LOAD, LB., 

SIZE, 
"AT ROOT OF THREADS, STRESS,LB.PER SQ,IN,, ON SCREW WITH TORQUE 

IN, 
SQ, IN, IN SCREW WITH TORQUE OF I IN, LB. ON NUT, 

COARSE FINE EXTR,t, 
OF I IN, L B, ON NUT, 

FINE 

20 0,0260 1, 115 20.6 
1/4 28 0.0326 879 21. 5 

32 0.0352 807 21.7 
18 o. ,0454 512 16.6 

5/16 24 o. 0.524 432 17 0 1 
32 0.0590 377 17. 6 

16 0.0678 292 14.3 
3/8 24 0.0809 261 14.9 

32 0.0890 213 15. 3 
14 0.0933 179 12. 2 

7/16 20 0 0 1090 150 12.6 
28 0. 1217 132 13.0 

13 o. 1257 118 10.9 
1/2 20 o. 1486 97.1 11.4 

28 o. 1634 86.3 11. 7 
12 

-~ -, -- --·- ·--- --
0. 1620 --

--------- ----lr2. 3 ---·- -·-· 9. 9 - ------

9/16 18 o. 1888 68.8 10. 3 
24 0. 2054 63.3 10. 5 

11 0. 2018 59.3 8.72 
5/8 18 0.2400 48.2 9.24 

24 0.2586 44.3 9.33 
10 0.3020 32. 1 7.34 

3/4 16 0.3513 27.0 7.64 
20 0.3725 25.3 7.68 

9 0.4193 20.4 6.52 
7/8 14 0 0 4805 17.6 6.78 

20 0.5200 16. 1 6.92 
8 0.5510 13.6 5.73 

1 14 .. 0.6464 11.6 5.99 
20 0.692i 10. 6 6.09 

7 0.6931 9.61 5.08 
1/8 12 0. 8118 8.06 5.32 

18 0.8772 7.43 5.43 
7 0.8898 6.7i 4.62 

1/4 12 1.0238 5.73 4.80 
18 1. 0969 5.35 4.90 

6 1. 0541 5. 17 4. 18 
3/8 12 1. 2602 4. 24 4.40 

6 1. 2938 3.84 3.86 
1/2 12 ' 1. 5212 3.31 4. 18 

18 1. 6101 3. 17 4.32 

The loads and stresses per unit to~que have been calculated, based on a coefficient 
of friction equal to 0.12 between the threads and a coefficient of friction equal 
to 0. 14 between nut and washer or bearing surfaces. ' 

. ~-' 
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D E S 1 G N D A T A 
SUBJECT 

GRADES 01 GMPHITE 

Relative Size . 
or Ceystu111ne 
Structtn"e 

Veey fino 

Fine 

Fine 

MediUII 

Camuercial 
Designations. 

C-15 
555 

o-18 '-

85 
185 
AGVX 

cs 

AGR 

PREPARED 

D, Vorkoeper 
CHECK~D BY 

'SCAC..IGG 

Remarks 

Rai-d, Molded under high prassure, 

Used tor intricate and delicate parte, 

Fomed bx jar-molding, Not as hard as 

c-15 but Dlore dense than S5. 185, or AGVX, 

Used tor intricate and deiloate parts. 

Extrudeg, About same partiole size 

as c-18 but not as dense, 

Extrudeg, Particles about l/16 inch diameter. 

Used tor large parts where finish and strength 

are not very important, 

Extrude~ Particles up to l/8 inch dittmeter, 

-Used for large parts Where finish and strength 

are not vecy important. 

--------~--~~----------~~----------------~----------------------

DVzplc .._ _______________ ,_;._ _______________ ~ .... 
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SUBJECT PREPARED 

R. Meuser 
STUD SPACING FCR GASKETED FLANGES 

CHECKED BY 

SCAL../5€ 

This table sho.~s stud s:r;ecing (inches) based on 8000 psi an root diameter of 
stud and 330 psi gasket pressure (based on area of undef<?I'lD9d gasket). 

This 330 pei pressure has proved satisfactory far vacuum joints using square 
gaskets of 55 to 65 durometer hardness installed in grooves designed to permit 33% 
deflection of the unrestrained portion of the gasket. 

Deflection of cov~r plate may require e. cloeer 5pB.cing. 
. . ~ 

STUD SPACING - INCHES 

GASKETS Single Double Single Double Double Double 
1/8 Sq. 1/8 Sq. 3/16 ~. 3/16 Sq. l/4 Sq. 3/8 at. 

& & 
STUDS Single Single 

l/4 Sq. 3/8 Sq. 

1/4 - 20 ;.2 2.6 3.5 1.7 1.3 0.87 

5/16- 18 8.7 4.4 5.8 2.9 2.2 1.4 

3/8 - 16 13.2 6.6 8.8 4.4 3.3 2.2 

7/16- 14 18.0 9.0 12.0 6.0 4.5 3.0 

1/2 -lJ 24.4 12.2 16.3 8.1 6.1 4.1 

9/16- 12 31.4 15.7 20.9 10.5 7.8 5.2 

5/8 - 11 39.2 19.6 26.1 13.1 9.8 6.5 

~ J/1. - 10 58.6 29.3 39.0 19.5 J4;.6 9.8 

7/8 - 9 81.3 40.6 54.2 27.1 20.3 1).5 

1 - 8 107 53.4 71.2 35.6 26.7 17.8 

.. 

i. 
I !:,.., ... 
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SUBJECT 
COOLING 

DIFFERENCE: 

D E S I G N 

TUBE '5PACING 

ON VNIFOR..l'llLY 

D A T A 

VS. MAXIMUM TEMPERATURE. 

HEATED 16 GAGE. (.OIC.S) 

COPPE.R SHEET 

;) ,'\ T E p ~. 0;[: 

'2.-21-52 \ OF\ 
PREP1\RED 

D. VANCE 
CHECKED BY SC.AL\S~ . 
o-:AwH BY SEEGMILLE.P. 
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D E ·s I GN DATA 1 .. 
SUBJECT . •· '·'•'. PREPARED 

T. W. Macomber 
CHARAC'I'ERISTICS OF PURE TUNGSTEN FILAMENTS CHECKED BY .. 

Pure 
.• 

Tungsten Filament at 2500°K 
(Assumes no heat conducted away by end clamps) 

d A v .• ··' w i i/v i/w Life 
,_ 

DIAMETER. HEATING VOLTAGE DROP INPUT EM·ISSION HOURS TO 

(INCHES) CURRENT (VOLTS/INCH) (WATTS/INCH) CURRENT (MA/VOL T) (MA /WATT) EVAPORATE .. 
(AMPERES) (MA/INCH) 10% OF WT, 

VARIATION PER: d3/:! d-1/2 d d 
d3/2 d 

.0006 .0908 9.35 .848 3.62 .387 .426 101.2 

. 00 1' . 19 53 7.24 1. 415 6.03 .833 II 168,6 

.002 . 552 5. 12 2.830 12.06 2.36 II 337. 2 

.003 1. 015 4.18 4. 245 18.09 4.33 " 506. 

,004 I. 562 3.62 5. 660 24. 1 6.67 II 67 5 . 

. 005 2. 184 3.24 7.075 30.2 9.31 " 843 . 

. 006 2.870 2.96 8.49 36.2 12.24 " 1 ,012. 

.007 3. 6 2 2.74 9.90 42.2 15.42 II 1, 180 . 

. 008 4,42 2. 56 11. 32 48.2 18.85 " 1. 350 . 

. 0085 4.84 2.48 12.02 51. 2 20.6 " 1. 434. 

.009 5.27 2.41 12.74 54.3 22.5 II 1' 518: 

.010 6. 18 2.29 14. 15 60.3 26.3 " 1 ,686. 

. 012 8. 12 2.09 16.98 72.4 34.6 .II 2,020 • 

.014 10.23 1. 936 19.81 84.4 43.6 " 2,360. 

.015 11.35 L870 21.22 90.5 48.4 " 2,530. 

.016 12.50 1.810 22.64 96.5 53.3 2,700. 

.018 14.92 1. 708 25.48 108.5 63.6 " 3,040. 

.. 020 17.47 1. 620 28.30 120.6 74.5 " 3,370. 

.025 24.41 1, 448 35.4 150.8 104. 1 " 4, 220. 

.030 32. 1 1. 322 42.5 180.9 136.9 . " 5,060. 

.034 38.7 1. 242 48. 1 205. 165.2 " 5, 740 .• 

,035 40.4 1.224 49.5 211. 172.5 " 5,900. 

.040 49.4 I. 145 56.6 241. 21 1. " 6. 750. 

.050 69. 1 1. 024 70.8 302. au. " 8. 430. 

•. 060 90.8 • 935 84.9 362 • 387 • " 10, 120. 

.()70 114.4 .866 99.0 422. 488. " 11,800, 

.080 139.8 .810 113.2 482. 596. It 13,500. 

.090 166.8 • 763 127.4 543 • 711. It 1.5. 180. 

. 100 195.3 '724 141.5 603. 834, It ' 16,860. 

• 110 225.3 ,690 155.6 664. 96,1. It 18,600. 

• 120 256.8 • 661 169,8 724. 1,095, " 201200 0 

" .125 272.9 .648 176.9 754. 1, 164. 
... 21, 100. 

·• .130 289.5 ,635 184.0 784. 1, 235. It 2i,900, 

• 140 323. !5 • 612 198. 1 844. 1, 380. It 23,600. 

• 145 341. • 601 205.2 875. 1, 450. It 24,500. 

• 150 3159. • !591 212.2 . 905, 1, 530 • " 25,300. 

.200 552. • 512 283.0 1 ,206. 2, 360, .. 33,700, 

• 250 772. • 458 -854.0 1' 508. 3,2$0. " 42,200, 

:·-

NOT&:: The heat carried ·away by. end clamps is proportional to current only. For Ta or w filaments it 
is o. 23 watts per wnpere. 

" .., ,,!,•,( 
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~UB.JECT PREPARED 
! ; T. w. Macomber ' · . ....._. CHARACTERISTICS OF PURE TUNGSTEN FILAMENTS CHECKED BY 

.. 
"' 

Pure Tungsten Filament at Various ·Temperatures 

The following constants give characteristics at lower and higher temperatures than 2500 K, , .. 
taking characteristics on Page 1 as unity. 

OK A v w i i/v i/w Life 

AMPERES VOLTS/ WATTS/ MA/INCH MA/VOLT MA/WATT 
INCH INCH 

800 .097 .0250 2,42X10• 3 

900 .126 .0376 4.75X10• 3 

-1000' • 161 ,0540 S.64XI0• 3 

1200 .232 .099 2,38X10• 2 

1800 . 548 .371 • 2035 1.50X10•4 4.04X10• 4 7.33x1o· 4 2,32X106 

1900 .608 .439 . 267 *7.65X10• 4 *1.74X10• 3 *2.87xlo·3 1.45X105 

2000 .671 • 514 ,344 3.37X10 •3 6, 56 X 10 • 3 9.80X10•3 1 .17X 10 4 

2100 . .733 . 597 .437 1.32X10• 2 2.21X10• 2 3.,02X 10 •2 1.23X103 

2200 .798 .686 • 546 4.46x1o· 2 6.70X10• 2 8.18X10• 2 1,64X102 

2.300 .864 ,784 .677 1.37X10• 1 1.75X10• 1 2,02X10• 1 25.6 

2400 .933 .888 .826 .389 ,438 .471 4.82 

2500 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

2600 1,060 1. 123 1. 202 2.41 2. 15 2.000 .244 

2700 1. 12 1. 25 1.42 5,38 4.30 3. 79· .077 

2800 1.17 1. 38 

* For thorium multiply by 10,000. 

' 

REFERENCES: AP~lied·Electronics, M. I. T. Staff, 1943, p. sa. 
"The Characteristics of Tungsten Filaments a.s FUnctions of Temperature", 
by Drs. H. A. Jones & Irving La.ngmui~ General Electric Review, June, 1927, 
pp. 310 w 319. This design data. was copied from UCRL Chart X·1161. 

' 
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UNIT PRICE IN MARCH, 1952 "' 
;3 

c 

PUMP fUMP DIS- ULTIMATE PUMP MOTCR INTAKE ·OUTLET "' Pump-Hot or $/CFM DIS- <-

~ "' MODEL rLACEMENT VACUUM RPM HORSE- SIZE SIZE n Assembly PLACEMENT .... 
(CFM) (MICRONS) F.O.B.-Berke1e::r PalER (INCHES) (INCHEs) &i 

:-
KINNEY @'J 

"' > 
CVM 3153 2.0 0.1 $ 21.4 107 755 1/4 3/4 NPT 0 c - -

-~ 
> CVM 3534 4.9 0.1 331 68 600 l/3 1 NP'l' ' :! -

VSM 556 13.1 10.0 476 36 450 1/2 1 l/4 NPT 1 NPT 
0 
z 

0 CVM 556 15.2 0.2 797 52 525 1 2 NPT 1 NPT ~ 
or-
> 

VSD 7/8 699 26 360 l/2 l/4 NP'l' 11/4 NP'l' "' _27.0 10.0 1 1 0· 

t1 0" CVM 8610. 46.0 0.2 1,189 26 500 3 3 NPT 11/2 NP'l' > ...... 
t-i ~0. · VSD 8811 46.8 10.0. 962 21 360 2 1 1/2 NPT 11/4 NPT ~ 

,.. 
(/) -<. ·. DVD 8810 110.3 10~0 1,416 . 13 450 5 2 NPT 11/4 NPT (ll . · .. 
~c-·Dvn 12814 217.9 10.0 2,444 11 415 10 5 

} ASA 

3 NPT ~ z· 
C)-~ 

: DVD 14918 311.4 10.0 3,25? 10 360 15 6 3 NPT <' 

~ 
:z~; DVD 141418 ·. 486 . 10.0 4,274 9 360 25 6 125/1 3 NPT "' -DVD,l81420 702 . 10.0 6,352 9 360 40 8 3 NPT ~ 

..... 
Flg. -<. 

. DVH 272034 . 1,612 10.0 13,500 8 230 75 12 8 ASA 125# Flg. · z: Oo 

~ 
_., 

>·n 
GENCO .. > 

tot •-E: ·· Hyvac 0.36 o.3 97 270 350 1/4 1/4 m - -~ >; 
~_Megavac 1.1 0.1 219 199 325 1/3 49/64 ID ~ 

··~r - ·z 
.. -· Megavac 2.0 0.1 235 118 600 1/2 49/64 ID ·- i .;>-

.: Hypervac 23 8.5 5.0 398 47 510 1/2 13/16 ID - 'tO 

. Hypervac 2~ 9.) o.1 529 57 570 3/4 13/16 ID i 
)'1'1. - "' "' Hypervac lOC 33.9 0.1 1,870 55 450 2 l ASA 125/1 - ·"' r-

Fla:. (ll "' . -c· 

WELCH 
l.400B ·o.74 . 0.1 103 139 450 l/4 -l405H 1.18 0.05 195' 165 300 l/3 5/8 ID -l406H 1;.18 5.0 100 85 i/4 -l404B 1.18 20.0 103 87 l/4 - ("),, ~--l.405B 2.05 o.1 210 l/2 5/8 lD 

n 
~"' 102 525 ~ 

I 

"' s:: "' ~-0. l403B 3.54 5.0 190 54 l/2 - n 

~-~ "' \.h >·. 

l397B 10.6 0.1 490 46 3/4 
... N~ - 0 

"' . NarES: (1) Iinney Models CVM Models (formerl;y called CVD Models) are COO'OOND PUMPS. Model VSM 556 vas -< ff ~ 
formerly llUilbered VSD 556. .... 0 

~ 

{2) Prices are for a single ptDp.-&o'tor assembly- and DO NO'!' 1ilcl11de 1D8tallatiOD costs or quantit7 .tt· \.ftC 
VI. 

discounts. Kinne7 prices iaclude costs of a,belt guard and oil aoleDOid valves. (Genco and Welch w z 
0 

do not provide these aoeeasories). . I» ..... ~ 
(3) One CFM • .472 liters/second. ~ , 

DTS: (4) Pump displacement is the swept volume per unit time aDd is dif'f'erent f~an the pump capacity. ·- p-~ 
~· -~ ---- ,.., 

plc 
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A. Schmidt, D. T. Scalise 
CHECKED BY 

·~--.'-" MAGNET DESIGN INFORMATION B:. Kane, L. E. Brown 

CONDUCTOR PROPERTin3 oo Bn1ae4 to.tt-511 
o BeT 1ae4 10·5·115 

Sped tic RESISTIVITY. • p Heat Can• Specific •. 

CONDUCTOR Weight (Michrohm inches) ductivity Heat Linear Coef. 
at 20 c. at 20 c. of Thermal 

Lbs. at at (Watts ) (Watt Sec.) Expansion, --
OC ~t~120C in. uc per °C, cu. In. 20C. 40C, · Lbs. °C 

ALUMINUM 
· Internat• 1 Al. 
Std. (99. 58% Al) .098 1.11 1.20 ,o-; 00453(t-t225) 5.4 430 23.9 x to·S 

COPPER 
Internat'l 
Annealed cu. 

-6 
S.td. (99, 91% Cu) o321 ~679 .732 P'"· 00267 ( t+ 234) 9.76 175 16.8 X 10 

SILV!llt 
l99,98.% Ag) .t.38.0 •. 64 .. ,69 P"'· 0025(_ t+236) 10.52 106 1a.s x 1o·6 

FORMULAS INDEPENDENT OF MATERIAL 
( Ampere turnes for gap ) .. 2.02 x (gauss) x (inches gap) 

< Joules/Cu.In, stored energy ) • (1/15.35) X ckilogauss) a 
of Magnetic field in air . 

<(Pounds force on conductor ) • (1/1750) x (kilogauss) x (amperes) x finches length) 

.. <:Pounds force between > • 4,496x10•B X f amps, in y camps in j (inches length cond. ) 
long parallel conductors one cond, · other cond. inches between cond •. 

{Pounds forces between pole faces ) • (1/1. 735) x (kilogauss)2 x (sq. inches area) 

COM>UCTO& FORMULAS DEPENDING ·ON MATERIAL AND TEMPERATURE 

Coefficieots · Coef. at any 

at 4{) c. temperature 

\ (.059) Al.) j~ turns)2 x~ches mean J 2 
proportional to 

(kilowatts) x (tons) .. (.!18) C11 - ('Mege.•amp. pw turn length 
. (,131) Ag .· 

<.(202). Al !-: . (Amperas) 
cu J (kilowatts) j • . (469) " (sq.-inch) --

(525) Ag (tons) p < (4.95) ~~~ ( (Sq, inches ) • (2. 13) v (kilowatts) x (tons) j p 
--Cross Section (1,90) Ag (volts) x (parallel p·aths) w 

I (1.20) · AI> . ( inches mean J 
(Sq. inches cu· (Meg•amp, turns) x turn length ' ) .. \ ( • 732) \ 

....... 
Cross Section ( • 69) Ag (volts) x (parallel p~ths) P· 

F'OR. ·RttTANGULAR CONDUCTOR LOSING HB:AT FROM TWO EDGES 

( Degrees c. rise J <(.02Bl Al ) 
/ 

.. (.0094) cu (10-6) x (inches width) 2 x ( amperes )
2 p 

at center -k-
(.0082) Ag sq. in. 

(watts) (,60 ) AI) . ( ampere:;.) 
(sq. in. edge surface) .. < (.366) Cu (10•8) X (inches Width) X p 

(. 345) Ag 
sq. in. 

SYMBOLS: p • resisti Vl ty: w• specific weight: k11 heat conductivity 

REFERENCES: UCRL Chart X•1027; Chem~Physics Handbook, Circular 31 Bureau of Standards 
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DESI G.!t ·.DATA 
DATE 

SUBJECT 

APPROXIMATE ·FOCAL LENGTH OF WEDGE MAGNETS WITH tnl!FatM obeck 
MAGNETIC FIELD . . . , .' 

,. • . • ,. ~· '\! ·,1'•'·" J • , ••• 

Object 

Assumptions: 1. Focal length is long canpared to path :;tength thrcugh field (i.e. 
: greater than ten times as large) · j: · 

2. Field is effective over angle-~ (about one-halt gap distance 
should be allowed beyond the . edge of the magnet for fringing 
field) 

R : radius in magnetic field 
¢ = angle through which be.run turns 
e = angle between edges of magnet 
F • focal length = 1 

..l.+...L · a b 

Horizontal focal length (in place of paper) 

Vertieal focal ~ength : ~ 

Note that the two focal length are equal if ¢ = 26 

For derivation see Engineering Note .3.32C>-Ol M-52 

For focal length when path through magnet is not small compared to tocal length see 
W. G. Cross RSI Vol. 22_, No~ 101 P• 717, October, 1951 • 

WMD.:fg . ~ ' 

. : .,.... ._.~ ~ - ' " .,.,.. < •· 
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XX 

c or 
CE 

L or 
LE 

C5* 

L5* 

A 

AA 

G1 

. G) 

G5--

G6 

G7 
-

NS 

BASE 

Coarse Cotton. 

Fine Cotton 

Asbestos Paper 

Staple Fibre 
Glass Cloth 

RESIN 

Phenolic 

Phenolic· 

Continuous Filament_ 
Glass, Cloth Phenolic . 

Continuowr Fllamen: .. 
G-lass· Cloth Melalldne 

Staple Fibre. 
Glass Cloth ·s111cone-

Continuous Filam_ent 
Glass Cloth ·SUi cODe 

Nylon Cloth -Phenolic 

CUBIC 
INCHES 

PER 
POUND 

• Taylor Fibre Co. designations (not NEMA) ; 

SHEETS TUBES RODS 
300# and over 2" ID x 1/211 wall 2 1/411 Diameter 

.050" thickness & over 5001 & over 500• & over 

$/pound 

6.5 

·j.rz . 10-.8 

3.7 10.8 

2.9 4.9 15.9 

6.5 

NEMA • National Electrical MBDufacturers1 Association 
. 
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SUBJECT 

IIADI·ATION UIOPATOIY • UIIIYUIITY. 0' CAL.,OIIIIA • ·IIIULIY · · 

D ,I S I G N . D A T A -- , 

BIA! 'COIDtJCTIYrrY 01 MftALS AID ALLOD .. 

Ac· Rich Puri tr Silnr 
OPBC QEnen Pree BiJb Ccmductintr Copper 
ftP 11eotrol7tic Touch Pitch Copper 
Pd. · Phospharu Decad.41s8cl Copper 
Au. Bich Pari tr Go1cl · 
Al. Hip Pm-1 tr ll1W!1num 
2SU. .ll.coa 2S Alum1aua 
Be. BeJ7llita 
Me· Mapeailll 
Mo. Mo1Jbdeu 
70-30 70..Copper, 3()-Z1DC Brase 
'Dov FSI 3-Al, IZn,O.JMn, Mapea1111 AllOT 
Zn. High Puri t;r Zinc 
Be. Cu.AT Beeyll1um Copper 
• • A • • 
" " HT • • 
" • H • • 
11. High Pur1 t;r Iiebl 
Cd. High Purit;r Cadailll 
Pe. llectrol7tic Iron 
8C Steel AISI 1080 

Solution Beat Treated 1: Aged 
Solutica Beat Treated 
Cold VOJ'Dcl, S.B.T. 1: Ape! 
Cold Worked, S~H.!. 

lionel 6711, JOCu, r.,MA,C,Si,S 
11-8 AISI 304 staiBleu steel. 
Co. Cobal.t 
Pd. Palled1111 
pt.. Platima 
Cr. ChrCIIilll 
Ta. Tutalm 
SD. Till 
Pb. Lead 
Graphite 
B1. B1sauth 
W 'funcaten 

lotec 
I. Almost all aluminum alloys (aDd states ot work bardeniq aDd 
ag1q) have heat conductivities at 20C ot 35 to 4~ IACS 
2. Mo•t _Lead alloys are traa 7-12% UCS 
3. Most Nickel allo;rs are trca 3-7% UCS 
4. Moat Magnesium· alloys 20-35% UCS 

lct2 
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LEGEND ,~~i~~~~~~~~~ Ag High PUI%'ib Silver I OFHC o.xygen Pree High conduct! v:i ty Copper 

ETP Electrolytic Tough Pitch Copper 

PO 

Au 
AI 

Phosphorus Deoxidized Copper 
Higb PuritJ Gold 
High Purity Aluminum. 

.Hcoa 2S Aluminum 
~~~~£fu~~~~l ~ Be Berylliull 

Wg ttagnesium 

Mo Molybdenum 

70-30 70 Copper 30 Zinc Brass 

Dow FSl 3-Al, \Zn. 0.3Mn, Uagpesiu• AllOJ' 
Zn Higb. Purity Zinc 

BeCuAT' Berylliulll Copper, Solution Heat Treated & Aged 
B~C:iA &erylliui:l Copper, Solution Heat Treated 

~~'-~Jt~B.~~~~~~,-±5~~~~~~~~~J};ffi~P aecuHi' !.lerylU.um C·JPPer, Cold Worked, s.u.T. & A&ed •.":c+'•-;--,'it'-'-;'o;'f B::!CnH uerylllum ("cpper, cold Worted-, s.u.r. 
Ni High P.JJritJ Nickel 
Cd High Purity Ca11.miu• 

Pe 

• 3C 

E:lectrolytic Iron 
AI:SI 1080 Steel 

~!HI:Cl 

J!l-8 

co 

<57N i, 30Cu. & Fe, Mn, C, Si, S 

tHSI Jilt .:Jtninless Steel 
Cob:ll t 

I. 

:·Jn 

:.~d 

:;;··Jph.l te 

.)l~:Jqlt..h 

T;_.ngs~~:l 

NOTES 

Al~o.;,t all .;!.,'ninoJm alloys (& states ot worlr. 

h~rd»:lir.g ~ "-&ir,:;} have beat cooductlYlties 
of 35 to·!~% LA.C.S. at 20°C. 

M'}.5t ... ~·"d nlJn:;s :tr~ f!"om 7-121 I.A.C.S. 

Mo-.t ~~ickel ,lllo)·;-; an! rrora/.3:..7s I.A.C.S. 

Mo:;t ;\C~.gnesL;M -;:,.lloys 20-3~~ I.A.C.S. 

Mo-J;:. Iror.-h:J.;:! 'Hl'JYS pass by 7.5S at ~30°C. 

't:.~C'i~S:;<!~· :t•;; ~v::-:nt'l.ae of Copper 

\:rJtfl_.,,,,ti·;.,.'".\ ,!.,·:~"led Copper Standard) 
:tt 201,;-::;. 

~.A.c.s.-: .9)x -:.al = 9.9-t Watta = ,.91 Watta 

.::rn2 t°C/c;nd ~ °C c• 

"' c 

"' ... 
"' n ... 

:X: 

~ 
8 :z: 
8 
~ 
H 
;:; 
t-3 
r< 
0 
•l:j 

3: 
tz::l 
t-3 
> 
f;; 

$: 
~ 

~ s 
~ 
* 

&' 
'd 
"< 

C7 

till 
rn 
.... 
Q 

z 

C7 

=-
1-1 

> 

o-w 

..... 

., ,.. 
0 ,.. 
::! 
0 z 
... ,.. 
"' 0 ., ,.. ... 
0 ., 
-< 

c z 
< 

"' ., 
"' ... 
-< 
0 ... 
n ,.. ... 
... 
0 ., 
z 
,.. 

.. 
"' ., 
"" "' ... 
"' -< 

0 ,.. ... 
"' 

0 

0 

z 
0 

.., 
Ol> .., 
""Gl 

l> "' Gl ..... "' Vl 



RADIATION LABORATORY UNIVERSITY OF CA,L IF 0 R N 1. A BERKELEY DATE D. D. N 0. PAGE NO. 

D E s I G N D A T A REVISED 
., 

I 0 • I 0. 57 
6 5 A I OF I 

SUBJECT 
., 

PREP ARE 0 v. MCCLAIN 

GROOVES FOR RUBBER GASKETS 8c 0-RINGS 
CHECKED L. J.YOST/R. BURLEIGH 

.. 

VACUUM ' 
D. D. NO •. 65 A SUPERSEDES 0. D. No. 65, 

; FOR SERVICE PAGES ·1 , 2 AND 3; AND ~· D. NO. 31. 

.--- .....,._ I r .... - WF 3 

~ "t= NOM.GASKET WIOTH ~-u ~NOM.GASKET WIDTH 
: 

~;~·"· 
~-BREAK CORNERS 

:=J C:h/450 ; F1 n fif'45' 
j_ .005 MAX, 

z77J Lih2_ J 
===n n rn I V /. ' I 

--j y 
D~IL~ l 

sl B 
GrfOOVE 

~ 45°< ·~ --jSI-sr · E c 1 -Sl-s- F 'D ~X Dia.l 
1""7"7"' ' ' 1""7'A_i__ .''!iho '''~; 

~_j_j_ 
~ ;:,:)p-; (:: ~_l_j_ 

-~ I V/- /A I I r//L '/V. ~LI T I I I 
L A L j AGA J ' K AHA K - -1-- - 1-- - -

SQUARE REGULAR SQUARE RECTANGULAR 0-RINGS 
METAL-TO-METAL 

METH-TO-M'ETAL 

NOTE: UNLESS OTHERWISE SHOWN, EDGES AND FILLETS TO BE 1/&q RADIU& MAX. 

TABLE L SQUARE AND RECTANGULAR GASKETS . TABLE II• O·RI NGS 

GASKET DIMENSIONS GROOVE DIMENSIONS 
O·RING DIMENSIONS (UCRL STOCK) GROOVE DIMENSIONS 

NOMINAL ACTUAL No. NOMINAL SIZE ACTUAL SIZE 

RECTANGULAR 
AN 

so. WIDTH X HT. s T A B c D E F G* H* J* K* L** 6227 w I • p • 0. D. w. r. o. X D I A. y z 
-I 1/16 1/8 1/4 .070 .114±.005 .128x.004 . 113 .044 1/8 X 3/ 16& . 14S .208 .125 . 155 .075 1/8 1/16 -3 3/1 6 5/1 6 .. 176 .191 

.130 .193· .130 . 161 .OBI I \14 •' • 5 3/8 ± .003 . 239 • 2S4 +. 0 15 +. 004 • 

.208 .lOB . 233 
• 6 5V I 6 7/16 . 30 I . 317 -.000 -.000 3/16 3/16 X 9/32 .301 .188 .140 .071 . 103 1/4 3/16 1/8 3/32 3/64 -7 3f8 1/2 .364 . 380 . 193 .286 . 193 .113 . 146 . 239 .077 .109 
-9 3/32 7'/ 1 6 5/8 ·. 103 .424x.005 .44h.OIO . IS I .064 

1/4 1/4 X 3/8 .270 . 395 .250 . 146 .186 .311 .093 . 137 S/16 1/4 5/32 1/8 1/16 -10 riz 11 It 6 . 487 • 510 
. 255 .380 .255 . 151 . 193 . 318 . 100 . 144 -II 9/16 3/4 ± .003 . 549 • 573 +.015 +. 006 

• I 2 5/8 1 3/1 6 . 612 . 637 -.000 -.000 
3/8 3/8 X 9/16 .395 . 582 . 375 .221 .279 .466 .140 .199 3/8 5/16 3/16 5/32 3/32 -13 ~ i/1 6 7/8 .674 . 6 99 

.380 .567 .380 .226 .287 .474 . 148 .207 • 14 3? 4 n ,1 5/ I 6 . 737 . 763 

1/2& 1/2 X 3/4& .520 .770 .500 .295 .370 .620 . 188 .268 1/2 3/8 1/4 3/16 1/8 -15 1/8 3)'4 1 . 139 .734±.006 .76b.OIO . 205 .086 
.505 .755 .505 . 305 .380 .630 . 198 .278 -17' 7/8 1 .1/8 . 859 . 887 

• 19 I I 1/4 ± .004 . 98 4 1 .0 13 +,015 +.009 
A THESE 3 S l ZES NOT IN REGULAR STOCK. *TOLERANCE + 1/64, .o. -·21 I I i 8 I 3/8 I. 109 I. 140 -.000 -.000 

**TOLERANCE ± 1/64, 
• 23 I 1t 4 I 1/2 1. 234 1 . 266 
-25 I 318 I 5/8 I . 359 I. 392 

CONSIDERATIONS IN THE CHOICE OF GASKETS • 27 1 1 12 I 3/4 I. 484 I. 518 
(TO BE REGARDED ONLY AS GENERAL Ca.tMENTS, NOT AS HARD AND FAST RULES.) • 29 3/16 I 5/8 '2 . 210 1.600±.010 t.639:t.010 . 2 97 . 134 

REGULAR VS. METAL· TO·METAL GASKETS. 
• 31 I 7/8 2 1/4 1.850· I. 892 

A. PROPERLY SELECTED. AND 11-IAT THE INSIDE • 33 2 I I 8 2 1/2 ±. 005 2.100 2. ,144 +.015 +. 010 
REGULAR (NON·METAL·TO-METALJ GASKET CORNER AT EACH INTERSECTION OF THE -34 2 1/4 2 5/8 2.225 2. 270 -. 000 -.000 
GROOVES ARE CHEAPER TO MACHINE AND THE GROOVES IS CHAMFERED. THE O·RINGS LISTED -35 2 3/8 2 3/4 2. 350 2.397 
GASKETS MAY BE FURTHER COMPRESSED IF IN TABLE II ARE UCRL STOCK ~IZES, BUT • 37 2 5/B 3 2.600 2.649 
FOUND TO BE LEAKING. METAL· TO·METAL STOCK SHOULD BE CHECKED .FOR A PARTICULAR • 39 2 7/8 3 1/4 2.850±.015 2. 906 
GASKETS ARE USED WHERE All GNMENT OF SIZE BEFORE INCORPORATING IT IN A DESIGN. -41 3 1/8 3 112 3. 100 3. 159 
PARTS IS ESSENTIAL: v.t!ERE IT IS DE· O·RINGS MADE UP BY THE VULCANIZING OF ROUND -43 3 3/8 3 3/4 3. 350 3. 411 
SIRABLE TO HIOE THE GASKET FROM THE STOCK BY THE SHOP SHOULD BE AVO IDEO. -45 3 5/A ·4 3. 600 3.664 
VACUUM: OR WHERE ELECTRICAL CONTACT -47 3 7/8 4 l/4 3. 850 3.916 
IS REQUIRED. D. SINGLE VS. DOUBLE GASKETS. -49 4 1/8 4 1/2 4. 100 4. 168 

AS OPINIONS VARY WIDELY, THE PROSPECTIVE -52 4 112 4 7/8 4.475 4. 547 
B. SQUARE VS. RECTANGULAR GASKETS. OPERATORS OF A NEW PIECE OF EQUIPMENT 

RECTANGULAR METAL· TO· METAL GASKETS ARE SHOULD BE CONSUL TED REGARDING THE USE OF • 56 114 5 5 1/2 .·27 5 4. 975± .015 5.052x .010 .385 . 177 
EASIER TO INSTALL AND ARE BETTER RET A I NED SINGLE OR DOUBLE GASKETS. DOUBLE GASKETS • 57 5 1/8 5 5/8 5.100±.023 5. 1.86 
IN THE GROOVES TH/11>4 THE SQJARE METAL· TO- WITH PUMPOUTS ARE FRECUENTLY USED ON -60 5 1/2 6 ±.006 5. 475 5.565 +. 0 15 + .01 2 

METAL GASKETS. SQUARE METAL· TO-METAL LARGE AND MEDIUM SIZED COVER PLATES, AND • 64 6 6 1/2 5. 975 6. 070 -.000 -.000 
GASKETS ARE USED ONLY WHERE REOU I RED BY WHERE ACCESS TO GASKETS IS DIFFICULT. -~6 6 1/2 7 6. 475 6.575 
SPACE L IMITATIONS:-- DOUBLE GASKETS ARE LESS L1 KELY TO LEAK, • 68 7 7 112 6. 97 5 7 .080 

AND IF LEAKS OCCUR THE SPACE BETWEEN THE -70 7 1/2 8 7. 475±.030 7. 591 
c. 0· RINGS VS. SQUARE OR RECTANGULAR GASKETS MAY BE PUMPED ON TO MINIMIZE THE -72 8 8 1/2 7.975 8.096 

GASKETS. LEAK. ON THE OTHER HAND, IF THE INNER -74 9 9 1/2 8. 97 5 9. I 06 
~THE RANGE OF UCm, STOCK SIZES AND GASKET LEAKS AND THERE IS NO PUMPOUT • 76 10 10 112 9.975 I 0. I 16 
WHERE METAL-TO-METAL GASKETS ARE REQJIREO. BETWEEN THE GASKETS, OR THE PUWf!OUT IS -78 II II 1/2 10.975 II. I 25 
0· RINGS MAY BE PREFERABLE AS THE GROOVES CLOSED, THE RESULT IS A SLOW LEAK. -80 12 I 2 U2 1 f. 97 5 I 2. 135 
ARE CHEAPER TO MACHINE THAN GROOVES FOR DOUBLE GASKETS ON, SAY, A COVER PLATE ON -82 13 13 1/2 12.975 13. 145 
SQUARE OR RECTANGULAR GASKETS: AND NO A TANK, PERMIT.VACUUM TESTING OF THE GAS- -84 I 4 14 1 12 ] 3. 975 I 4. 155 
SHOP TIME IS NEEDED FOR MAKING THE GAS· KETS WITHOUT VACUUM IN THE TAN~ BY PUMP- -86 15 15 1/2 14.97 5 15. I 65 
KETS. THE DIMENSIONS SHOWN IN TABLE II. lNG ON THE SPACE BETWEEN THE GASKETS. IT 

6230 SERIES (X CIA.), PROVIDE A SMALL INTERFERENCE IS HIGHLY DESIRABLE, THEREFORE. V!HEN LIGHT 

BETWEEN THE SI~E OF THE GROOVE AND THE DOUBLE GASKETS ARE USED, TO PROVIDE AT • 2 1/8 I 3/ .. 2 . 139 1.734x.OIO 1.772-:s..010 . 205 .086 
INSIDE DIJIMETE. OF THE 0-RING TO INSURE LEAST ONE PU~OUT AND PREFERABLY MORE ON ··4 2 2 1/4 I. 984 2.027 
SELF-RETENTION:' Q. RINGS MAY BE USED ON LARGE COVER PLATES. SINGLE GASKET GROOVES, -6 2 1/4 2 1/2 ±.004 2.234 2. 280 +.015 +.009 
RECTANGULAR COVER PLATES PROVIDED, OF OF COURSE, ARE CHEAPER TO MACHINE AND • 8 2 1 I 2 2 3/4 2. 484 2.532 -.000 -.000 
COURSE, THAT THE PERIPHERAL LENGTH IS OCCUPY LESS SPACE. • 10 2 314 3 2.734x.OI5 2. 790 

~ 
• 12 3 3 1/4 2.984 3.042 
• 14 3 1 14 3 112 3. 234 3. 294 

I. OJ TIERS FOR MACH IN I NG GROOVES FOR SQUARE '6. DEPTHS OF GROOVES FOR METAL-TO-METAL • 16 3 1/2 3 314 3. 484• 3.547 
AND RECTANGULAR GASKETS TO DIMENSIONS CONTACT ALLOW ABOUT 34 :S.4 PERCENT COM· • 18 3 314 4 3. 734 3. 799 

SHOWN IN TABLE I ARE ON HAND IN UCRL PRESSION OF UNRESTRICTED PORTION OF -20 4 4 I I 4 3. 984 4.051 
SHOP. GASKET FOR RECTANGULAR GASKETS. AND ABOUT -22 4 1/4 4 1/2 4. 234 4.304 

42 ±:3 PERCENT FOR THE SQUARE GASKETS. -24 4 1/2 4 314 4. 484 4. 556 
2. ALL GASKET CONTACT SURFACES SHOULD BE BASED ON THE AREA OF THE GASKET FACE • 26 4 314 5 4. 734 4. 809 

~ OR BETTER, FINISH. BEFORE CLAMPING, THIS RESULTS IN ABOUT • 28 5 5 1 I 4 4.984 5. 061 

300 PSI FOR THE RECTANGULAR GASKET, AND -30 5 1/4 5 1 I 2 5.234~.023 5.321 I 
3. RECTANGULAR GASKETS 1/8 X 3/16 ARE TO BE ABOUT 500 PSI FOR THE SOU ARE GASKET. -32 5 1/2 5 3/4 5. 484 5.574 ! 

USED ONLY WHERE SPACE WILL NOT PERMIT A DEPTHS OF 0- RING GROOVES ALLOW ABOUT 35 ±5 -34 ? 3/4 6 5. 734 5.826 

LARGER SIZE. ( 1/8 SQUARE GASKETS ARE NO PERCENT .COMPRESSION WITH A RESULTING -36 6 6 1/4 5. 984 6. 079 i 
LONGER STOCKED.) PRESSURE BASED ON THE PROJECTED AREA, OF • 38 6 1/2 6 3/4 6.484 6. 583 I 

ABOUT 400 PSI • • 40 7 7 1/4 6.984 7.088 
4. WHEN PLACING A STRETGfED 0-RING IN THE • 42 7 1 12 7 314 7. 484±. 030 7.601 ! 

GROOVE THE RING SHOULD BE GIVEN A TWIST -44 8 8 1/4 7. 984 8. 105 
' 

BETWEEN THUMB AND FOREFINGER SUCH THAT -46 8 1/2 8 3/4 8.484 8.610 ! 
THE RING WILL NOT ROLL OUT OF THE GROOVE, • 48 9 9 1/4 8.984 9. I 15 

• 50 9 1/2 9 3/4 9. 484 9.620 
5. rn IS DESIGN DATA SHEET APPLIES TO UCRL • 52 10 10 1/4 9.984 10. 125 

STOCK HYCAR GASKET! NG (SOU ARE AND RECT • ' 
ANGULAR) AS PER SPEC. M9B. THE HARDNESS 
RANGE OF THIS MATERIAl 1 S 55- 65 DUROMETER. 
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Notes (mpbers refer to sub-script rrumbers in tablol 

(1) 

(2) 

This is the value ordinarily taken from the reference• Where the in
formation given in the reference was different the resistivity at 20° 
c. (68°F.) has been calculated and is show in parentheses. · 

The Resistivity P is the speci.fic resistance and in c g s units 
2 

f _ R A = ohm x em = ohm _ em - OJ: em (Ref. 3) 

or, multipled by 10-6, microhm-em. 
The tabulated values for microhm-inches were obtained by dividing the 
values in microhm-em by 2.54 with slide-rule accuracy. 

PIIGE 2 

14AGES 

(3) The value for 100 percent conductivity at 20° c.,for the International 
Annealed Copper Standard is 0.5800 microhm-1 em-• (Ref· 10) 
The values in this column = 1.724/R where R is in microhm-em. 

Also called "volume conductivityrt referred to standard copper. 

(4) The resistance R at a temperature, t 0 c., can be calculated from the 

.. . 
(5) 

(6) 

(7) 

(8) 

relationship-- [: . l 
R = Ro 1 + atJ where ~0 = resist. at 0° c • 

. t = 0 c. 

(Re.f •. 4) 
a = temp. Coer. 

lt should be noted that the tabulated value of a is strictly valid 
only for the temperature(s) specified • 

at 0° c. 

at 19.6° c. 

at 18° c. 

at 50° c • 



Q 

__ DATE D.D, NO • 
... 

DESIGN DATA 
SUBJECT • . · 

' PROPmiTIES OF MATERIALS . ' 
PREPARED 

t. Polentz 
Approximate Electrical Resistivities of ,Metals 8.lld Alloys i . .·· - .... CHE_CKED:'BY. 

References 

1. Metals Handbook, American Society for Metals, Cleveland, Ohi()J 1948 

2• Circu].ar C447, MechaYiical .Properties of Metals and Alloys, National 
Bureau of Standards 

J. Haus~n and Slack, Physics, 2nd Edition 

4• Mark's Handbook, 4th Edition 

s. Eshbach, Handbook of Engineering Fundamentals, 1st Edition 

6. Nickel Alloy Steels, 2nd Edition, International Nick~l Co. 

7. Steel Castings Handbook, 1st Edition, Steel Founders 1 Society of America 

8. Metals Handbook, American Society for Metals, Cleveland, Ohio; 19.39 

9• Long, J. ~., Graham, T. a., and Robertson, A• He 
Transactions ASM," Vol. 40, 1948 

10. International Critical Tables, Vol. VI. 

"Iron Manganese Alloys 

11. Sisco, F. T., "The Alloys of Iron and Carbon! Vol. II,· Properties -
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Resistivitv at 20° c. ~ 

Conductance Per- Temp. Coeffo n-r c 

~ "' .... 
Hicrohm-in Elect. R~sist.l4) Reference "' Material Mi crohm-cl(l: .(2) cent IAC~ (3) 'lj n 

.L· "1 -1 

ner· c. 0 

a · T~mn. C ~ 
ELEMF.l\ITS ~ 21 ,.. 

t+ 0 -(t ,.. 
Aluminum(99·996 · Al) · . 2~655 1.05 64-94 .00429., 20 1 

_, 
tz.1 -' 0 Antimony(fully annealed) (39.e) .. 15.7 4.3 .00515J; 0 to 100 2 1-' :z 

I ~·~ C» 
(37.9) 14·9 4.6 .0042 •. .5 () .-Arseni.c 20 ,.. 

t+ "' BRrium 9.8 3·9 18 .0033 20 5 "1 ,. 0 
P.'"d c "' ,.. 

Beryllium (6.66) 2.6 26 .00667 20 2 0:::0 _, 
e.~ [li;J 0 

:11. Bismuth . (120) 47 1.4 .004 20 '5 -< t"%j m Cadmium(99·9 fully ~nealed) (7.1;.2) 2.9 23 .0043 0 to 100 2 :::0:::0 • 
(t t-3 .... c Calcium (3.7/L) 1.5 46 •00457 2 m H :z 
1'-'-t_:l:l Q -Carbon( graphite) 1375(5) 542(5) .OJ tJ) < 0.1 (5) 2 "' t+ z "' Cerium· 7P 31 .. · 2.2 5 .... 0 U> 

4 -::.3 -
(20.P) 8;.2 13.3 .00478 . -80 - +25 5 .... -1 Cesium t+X -< 

Chromium(electro-chromium) 14.1 5.6 12.2 2 
p.;p c 0 
(t. t-3 .... 

Cobalt (99.91) (6.22) 2.5 28 .00551 0 to 100 2 fAA > n 

o¢1 
,.. 

Copper ("pure") 1.6730 .66 103 ~ 
.-.. 1 1-f);J> -, 

~allium 53.4~r> 21 (5j 3·2(5) 1 
, ...... 

> 0 xw "' klold ~0 - 1000 () z (2.3 ·9 73 .00365 2 -cf- )> 

Indium (9.03) 3.6 19 .00394 2 f_. . 
Iridium 5.3 2·1 33 .00392 0 to 100 2 rn "' "' ).? lfl. PI 21 Iron 9·71 2 " ::s "' Lead 20.65 R.1 P.J 2 0.. .-

"' -< Magnesium 4.46 1.8 39 .oo; .. o 20 5 'II> 
!-' 

Mercury 95.783 38 18 .oooP9 20 5 1-' -
~ Mo1yl;xienum · 5.? 2.2 .30 .0050 0 to 140 2 m !Nickel·· 6.84 2·7 25 2 

Osmium 9·5 3.7 1P. .0042 0 to 100 2 
Palladium (annealed) 10.P 4.3 16 .00377: 0 to 100 2 
Pla.tinum (10.58) 4·2 16 .00392 0 tc 100 . 2 n , .. 

:>:: :Ill\) 
~odium (4.7) 1.9 37 .00457 0 to 100 2 "' "' I n ,I-' 0 

!Rubidium " ~'I 
,.. 

12.5 3 4·9 14 2 "' -i 
0 "' I "' !silicon JJ X 103 ,t-t 0\J'I 85 X 10 -- 2 -< • \N 

Silver(extremeley pure, melted 1.59 .63 108 .0041 0 to 100 1 ·'1:1 
St . and annealed in Vacuo) 0 0 ...... odium · (4.?) 1.9 36· .0054 20 5 (!) <" 0 

lj <" Strontium 22.76 8.9 7.6 2 .. t+ z 
N 0 

~u1phur(rhombic) 2 x 1o2J 7.9 X 1022 -- 2 
~antalum (13.52) 5.3 13 .00382 0 to 100 2 ~; 
Tellurium 2 X 105(6) 7.9 X 104(6) 

:~.,..(i) -- 1 ,.. 
"' " "' ~ '(I> 



D • 1 ( M) 

Material 

ELEHENTS 

Tin 
Titanium 
Tungsten 
Uranium 
Vanadium 
Zinc ( Po1ycrys·tallirie) 
Zirconium 

MISCELLANEOUS MET IUS 

Advance (See Constantan) 
Alumel 
Brass.-·,. 
Bronze· 
Cast-Iron 
Chrome1 
ConS-tantan 
Ferri-te··· · 
Hadfield Manganese Steel 
:rnvar · · · 
Monel .. 
Wood 1 s M&tal 

ALUMINUM ALLOYS 
.. 

(99·996 Al) 
2S (99.0 + AI) 
2S 
JS 

11S 
14S 

17S 

eondition 0 
condftion H-18 
condition 0 
condition H-12 
condition H-14 
condition H-18 
condition T:...3 
condition a 
condition T-6 
condition 0 
condition T-4 

• 

t--.-.:R;.;;::e.:;;;.s::,=.:·· s;;;..t::.;:i;.;.v.:.i.;;.ttf-"'....~a.:..:t::.....::.2~0°---:C~·;._--I Co nd uctancl" Per-

Micror..m-cYJ..) Microhm-in( 2) cent IACS(3} 

11.5 
(P.8) 

5 • .5 
60(7.) 
26 
5.916 

(44.6) 

33.3 
4•7 

13-18 
57-114 
70-110 
47-51 .· 
9·5 

29.-67 
75 
42.5-45 
51.7 

2.654F~ 
2.922 
3.025 
3.·44~ 

4--105 
4.205 
4.310 
4.310 
3.44(~ 

4.310 
3.831 
5.747 

4.5 
35 
2.2 

u,7) 
10' 

2·3 
18 

lJ 
2-3 
5-7 

22-45 
2P-43 
lR-20 
3.7 

11-26 
30 
17-18 
20 

1.04 
1.15 
1.19 
1.36 
1.61 
1.65 
1.70 
1.70 

I 1e36 
1.70 
1.51 
2.26 

15 
2.0 

31 
2·9 
6.6 

29 
3·9 

5.2 
29 
11 
J-1.~ 
2.5-1.6 
3.5 
18 
6-2.6 
2.3 
3.9 
J.J 

65 
59 
57 
50 

-42 
-41 
40 
40 
50 
40 
45 
30 

: 

Tt!mp. Coeff. of 
Elect. Resist. (4) 

cer cc. 
a Temo. c. 

.00/~2 20 

.00469 

.00510 0 to 170 

.no43R 

.00429 

.Oll5 
20 

10 to 30 

Reference 

5 
2 
2 
1. 
1 
1 
2 

10 
10 
10 
10· 
10 
10 
10 
10 
10. 
10 
10 

1 
l 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

.... 

n 
;· ~ 
.. n 

" "' .0 

"' < "U 
0 
1-' 
<l ::s 
c+ 
N 

(/) 

c: 

"' <-

"' n .... 

"' ,.. 
0 

,.. 
.... -
0 z 

.... 
-< 

0 ~

> ~ ... 
~--.,. 
> ~ z 

,. { 

0 

0 

0'' 
O'z 

0 
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Resistivi t::'i at 20° c. ConaucT.ance Per- 'Temp. "' Coeff. of c: 
"' Mat-erial Microhm-c~1 ) Microhm-in( 2) cent IACS (3) Elect. Resist. Reference ~ 
<-... 

· ner °C. (4} "0 
0 .... 

'1 

Temo. 
0 

a c. ~ AI.UMINUM A1LOYS "' ,.. 
~ ~ & 

).448 1.36 (t 
,.. 

18S condition 0 50 1 .::! 
condition T-61 4.3-10 1.70 40 1 t>=.l 0 

~- z 

245 condition 0 J-448 1.36 50 1 
(I ,.. 
(') .> 

condition T-4 5.747 2·26 30 1 & ·m 
'1 .. '"tl 0 

255 · condition T~ 4.310 1.70 40 1 1-'• ::u c:;;: : 
()' 0 .... 

~ "' 1:1:1 0 

325 condition 0 4.-no 1.70 40 1 "' ~-~ -< 
condition T-6 4·926 1.94 35 1 rn • ~1--3 

A-51-S condition 0 3-135" 1.23. 55 1 CD H .t-t c: 

~-t6 
z 

Q -condition T-4 3.8)1 1.51 45 1 < fJ) .: ... 
condition T-6 3.831 1.51 45 1 &0 z "' ... 

1-'-'-xj "' -525 condition 0 4-926 1.94 35 1 < .... 
~~ -< 

condition H-38 4·926 1.94 35 1 -~ 
o: 

...... ~ .... 
535- condition 0 3-8.31 1.5!' 45 1 (t ~ 

'.> 0 fJ) ::0 ,.. 
condition T-4 4.310 1.70 40 1 0 H ~ 

.... 
condition T-6 4.310 1.70 40 H)~ ... 

1 Cll > 0 

"' 56S condition 0 5-945 2·34 29- 1 3:. z 
(t' -
ci''• ,.. 

condition H-38 6.386 2.52 -:t7 1 ~ . 
615 condition 0 3.831 1.51 45 1 ~ 

fJ) "' ... 
condition T-4 4.310 i.?O 40. 1 "' 

~ "' ... 
condition T-6 . 4._'310 1.70 40 1 ,.. 

0. "' 75-5 condition T-6 5.747 2.26 
:- -< 30 1 ~ 13 Alloy DC 4.421 1.74 39 1 ~-

43 Alloy SC, PM.-DC, (As Cast) 4.660 l.A4 37 1 ~ 
5C,PM (Annealed) 4.105 1.61 42 1 

(.0 

85 Alloy DC 6.158 2.43 28 1 
108 Alloy SC 5.562 2·19 31 1 

· Allcast SC, PM (As Cast) (6.39-) 2-52 27 1 0 , 
l\) :z: :0 

(Stress Relieved) (5.75) 2·26 30 1 "' ... ~0 0 , 
Sol' n- heat treated and aged (5.75 2.26 "' t-t~ ~~ 30 1 "' ' 0 • ... I ... 

Sol'n heat treated and stress re- c V'l 
(4.79) l.P9 36 1 !D 

'"tl \A) -< 
lieved 0 

1-' A-108 Alloy PM 4.660 l.P.4 37 1 (I 0 ::s 113 Alloy SC 5.747 2.26 30 1 & ~~ N C-113 Alloy PM 6.386 2.52 -n 1 z 
:=' 122 Alloy,SC condition T-2. 4.205 1.66 41 <1 _. 

'SC condition T-61 5 .• 225. ., 2.06 '33 ·-:1 ~0~ 
·PM (As Cast). 5.071 2.00 34 1 

,..,Cl ,.. 
"' Cl .. ... 
"" "' 



D- I ( M I 

"' Resistivit at 20° c. Conductance Per- Temp. Coeff. of c: 
"' 

~icrohm-c"'fl) ~ 
L. 

Material Microhm-in( 2) cent IACS(3) Elect. Resist. Reference "' n 

per oc. {41 '0 -f 

'1 
0 

a Temp. C!O ~ ..... 
ALUMINUM ALI.OYS ~ 

:Jl 
)> 

~ c+ )> 
~ .... 

A-132 Alloy condition T-551 5-945 2.34 29 1 -
~ 

0 

142 Alloy . SC condition T-21 . 3.918 1.54 44 1 
z 

~ .-
sc condition T-571 5.071 2·00 34 1 () )> 

c+ "' 
condi tiori T-77 4.660 1.84 37 

0 sc ·. 1 '1 >-t1 0 
:Jl· 

~tg 
)> 

PM condition T-61 5.388 2.12 32 1 -f 

tzl 0 

~-~ :Jl 

195 Alloy SC condition T-4 4.926 1.94 35 1 -< 

~ 
m 

sc condition T-62 4.660 1.84 37 1 • 
&'H H c: 

B-195 Alloy PM condition T-4 4-926 1.94 35 1 tot:z:J z 
Q -t-'oUl < 

· PM condition T-6 4.789 l.P9 36 1 to "' c+O :z :Jl 

214 Alloy SC 4.926 1.94 35 1 1-'• '" 
"' -ct -f 

A-214 Alloy. PM 5.225 
, 

2.06 33. 1 ~~ 
-< 

218 Alloy DC 7.184 2.83 24 1 c 0 
t-'o>-3 .., 

220 Alloy SC condition T-4 8.210 3.24 21. 1 
(t [.xj 

> n to;:o )> 

H r-

319 Alloy SC 6.386 2.52 27 1 ~~ 
~ -.., 

0 

PM 6.158 2.42 28 1 XCJl > :Jl 
z 

355 Alloy SC condition T-51 4.010 1.58 43 1 ~ -
s- )> 

sc condition T-6 4.789 1.89 36 1 . ..... 
sc condition T-61 4.660 1.84 37 1 to "' "' :Jl 

sc condition T-7 4.105 1.61 42 1 ~- "' "' .-
PM condition T.-6 4.421 1.74 39 1 "' .-< 

365 Alloy SG condition T-51 4.010 1.58 43 1 > ..... 
sc condition T-6 4.421 1.74 39 1 ..... 

0 
sc condition T-7 4.310 1.70 40 1 ~ 

CO· 
PM condition T-6 4-205 1.66 41 1 

Red X-8 SC,PM (As cast) . (6.53) 2·57 26 1 
(Stress Relieved) (5.95) 2.34 29 1 

.360 Alloy DC 4.660 1.84 37 1 n , 
N :z: :Jl 

"' "' ~0 380 Alloy, 4~ Alloy DC 6.386 2.52 v 1 n , 
"' t'"' )> ~)> 

750 Alloy PM 3.831. 1.51 45 1 ~ . ~ I ;;: 
0 \J'I 

40 E Alloy SC 4-926 1.94 35 1 "' '1:1 ""' -< 0 ..... 
(t 

0. SC -Sand Cast PM - Permanent Mold DC - Die Cast ;:s 
c+ 0. 
N "' .. 

"'z ~ 
COPPER ALLOYS o: . -

"Puren Copper (spectorraphical1y .1.6730 .66 103.06 .0068 20 1 ~: 
,.,(i) 

pure J· 
)> ~-(i) 

"' "' .. 

• _,.· ) 
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... 
c 

Resistivity at 20° c. Conductance Per- Temp. Coe:tr. or 1D 

~ 
c... 

"' Material ~crohln..,.i) ~crohm-if2) cent IACS"(3 ) Elect. Resist.(4) Reference n 
'tj -f 

_Tler °C. .., 
0 

a Tem.Do Co >4 

i "' COPPER ALLOYS ,. 
~ 

c+ ,. 
' (J -f 

OFHC(Oxygen-Fr~e; Hard. -Cop:Per) -
(1.70) ( .67-) 101.7 15 ~ 

0 z Copper ,(Armealed) · 
<11· .... 

Electrolytic ·Tough Pitch Copper () 
,. 
1D 1.71 .67 101 .00392 20 1 &~ 
0 

(99·92 Cu - 0.04 0) 0 "' ,. 
-f Deoxidized Copped 99 • 94 Cu - ' ,. ~ ' .().0 l2!J 0 2.03 .80 85 1 1!."0 "' 0.02 P) Annealed ~ 
-< 

~~ rn • Gildi~,M~W(95 Cu -.5 Zn) 
56 ! 1-4 c 3•1 1.2 .00231 20 1 c;l<11 H z · · ·' Annealed ::1~ &1 Q -< 

. Commercial ,-Bronze (90 Cu - 10 
, .. 

~ 1'1· Zn 3.9 1.5 44 .00186 
~:~ z "' 20 1 .. c+-0 Ul . Annealed -~..,. -

.0016 
-f , Red Brass(85 Cu - 15 Zn)annealed 4·7 1o9 37 20 1 -< 

Low Brass ailD.ealed 5.4 2.1 32 .00154 20 
c+~ 0 0 

1 'i~ 
... 

Cartridge Brass annealed 6.2 2·4 28 .001484 20 1 > n ,. 
.-Yellow Brass annealed 6.4 2.5 27 1 

H ~ .,.. 
-~~ ... 

Muntz Metal 6.2 2o4 28 1 > 0 annealed xtll "' '. z -Leaded Commercial Bronze 
4o1 1.6 42 1 

(J ,. 
c+ annealed 
~ 

. 
6.6 2o6 26 1D Low Leaded Brass annealed 1 m "' "' Low Leaded Brass Tube(annealed) 6.6 2.6 26 1 [ "' "' .... ~edium Leaded Brass(annealecl) 6.6 2.6 26 1 "' -< 

High- Leaded Brass (annealed) 6.6 : 2.6 26 1 ~ Extra-high Leaded Brass (annealed) 6.6 2.6 26 1 ...... 
Free Cutting Brass (annealed) I 6.6 2.6 26 1 ~ 
Leaded Muntz Metal (annealed) 6.-2 2·4 28 1 

m 

Free CUtting Muntz Metal(annealed) 6.4 2.5 27 1 
Forging Brass (annealed) 6.4 2.5 27 1 ; 

Architectural Bronze(annealed) 6.2 2.4 28 1 n "'0 
:r "' "' "' No Admiralty Metal. (annealed (7.0) 2.8 24.65 1 n "'0 

"' ,. ~· Naval Brass (annealed) (6.8) 2.7 26 1 "' t"'~ ....;,;;l 0 

• 0 I Leaded Naval Brass (annealed) (6.6) 2.6 26 1 !D \.1'1 -< "0 I...V Man?aneseBrcnze (annealed) (7.1) 2.8 24 1 0 ...... Aluminum Brass (annealed) (7.5) 3.0 23 1 <11 ? 
::3 0. Phosphor Bronze 5 percent Grade A 9.6 3.8 18 1 c+ ~~ N Pho:;~phor_Bronze 8_percent Grade C 13 5•1 1.3 1' 0 

' 
... ,. 

Phosphor Bronze 10 percent Grade D 16 .. 6.3 11 '1 --" 

~: Phosphor Bronze 1·25 percent · 3.6 lo4 48 " 1 "'O"'ICl ,. 
"' Grade E Cl 

"' OtJ Ul 
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Ul 

Resistivity at 20° c. c 
Conductance Per- Temp. Coeff. or "' '-

Material Microhm-c~1 , ~crohm-i~2 ) cent IACS(3) Elect. Resist. Reference .r; "' ., n 
-t 

per °C·(4) '"d 
'1 
0 .. 
~ 

a Temp. c ..... "' a )> 

COPPER ALLOYS 1%1 :! 
c+ )> 

<D .-t -
Oupro-Nickel, 30 percent 

0 

37 14.6 4.6 1 ~· z 
r-

~ickel Silver 18 percent Alloy A 29 11.4 6 1 <D )> 

() "' ~ickel Silver Hl percent Alloy B 31 12·2 5.5 1 c+ 0 

'1 '1:1 0 "' )> 

~ili con Bronze, Type A Anneal edl (25) 9.8 7 1 ..... ::0 -t 
00 l2::l 0 

Silicon ~ronze, Type B Annealed ID '1:1 "' (14) 5·5 12 1 -< 1-'i?:l rJl 
5 Percent Aluminum Bronze Annealed 9·8 3.9 17.5 1 ::0~ • 

1-4 c 
0 P~lrcent Aluminum· Bronze <DH z 

13~67 5.4 12.6 1 In[".. Cl -
..... Cll < Annealed "' (4 2 "' Beryllium Copper Sol'n treated, c+O Ul 

10 3.9 17 1 I-'-">;; --t 
quenched . .q -< 

~~ 0 Beryllium Copper Sol 1ntreated, 0 ., 

quenched and precip. hard. 6.8-9·8 2·7-3.9 21. 1 ~·~ > n 
ta::U )> 

~eaded Tin Bronze (12) 4·8 14 1 H ~ 
r--

0~ ., 
,_.eaded Tin Bearing Bronze (16) 6.2 11 1 1-?. > 0 

"' if (I) z· 
,_.eaded Semi-red Brass (9.6) 3.8 18 1 -)> 

~Qded Yellow Brass (6.6-9.6) 2.6-3.S 18-26 1 c+ . 
~gh Strength Yellow Brass (9.6-14) 3.8-5.7 12-18 1 ~ "' m "' "' ~i ckel Silver (34-43) 14-17 4-5 1 [ " "' luumlnum Bronze · (12) 4·8 14 1 r-

"' -< 

LEAD ALLOYS 
~-
1-' 
0 

Porroding lead(99.73 percent + Pb.) 
·~-

20.648 8.1 8.3 .003)6 20 to 40 1 m 

Percent .~ntimonial· Lead, heat 
treated, quenched, and aged 150 22·0 8.7 7.88 1 
days. n ., 

1\J :>: "' Hard Lead, Heat treated, quenched 24•0 "' "' ~ c 9·5 7.2 1 
n ., 
" t-t~ -...1~ and aged 150 days "' c • "' I "' B Percent Antimonial Lead, heat c VI 
"' -< d1 w 

treated,quenched,and aged 150 26.5 10.4 6.5 1 1-' 
days (J c 

:l c 50-50 Soft solder 15.6 6.1 11 1 c+ 
N ~~ ,_.ead base babbits 2?.2-28.7 11.1-ll.J 6~.1 1 0 .. 

~o: 
.,.,Gl 
)> "' Gl ~ 
"' Ul 

.,,. 
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Resisti vi t] at 20° ,. Conductance Per- Temp. Coeff. of c 
v• Ill 

'-
Material Microhm-, , ~crohm-i~2) , cent IACS(J) Elect. Resist. Reference II> "' u n 

1, per oc. ( /,' -.::.; -l 

'1 
a Temp. (. 0 

>< 
-MAGNESIUM ALLOYS !; "' > 

p:i c -0 c+ > 
-99.80 Mg) (poly:crystalline) 4.1.,6 1.76 38.6 .01784 20 1 CD .... -
kazlo AM-C59S Wrought 18.0 7.1 9·7 1 txJ 0 

z 
1-' 

Mazlo AM-265, Dowmetal H(As Cast) 11.5 4.5 15.0 ~ 1 (I ,.. 
() > 

Ill Heat treated 14.0 5.5 12.3 1 c+ 0 
'1 ~ "' ~ > Heat treated and aged 12.5 4·9 13.3 1 1-'• ~ -l _g ~ 0 

~zlo AM-260, Dowmetal c 14-16.5 5.5-6.5 10.5-12.3 1 tzl "' 1-'~ -< 
Mazl o AM-263, IX>wmetal R 17.0 6.7 10.1 1 rn • ::0.-3 
lnowmetal M, Mazlo AM-403, AM-.3S 5.0-6.7 2.0-2.6 25.7-34·5 1 CDH H c 

z 

Mazlo AM-G52S, IX>vmetal FS-1 · 
f/l txJ Cl -

9-·3 3.7 18.5 1 1-'-CJ) < 
f/l z "' Powmetal JS-1 13.5 5.3 12.8 1 c+O "' Ul 
1-'-'=:1 -

~z1o AM-G57S, Dowmetal J-1 14·9 5.9 ·- 11.6' 1 ;i~ 
.... 
< 

lnowmetal 0-1, Mazlo AM-G58S 11.9-16.2 4.6-6.4 10.6-14·6 1 <+> ~ 
0 .... ....,] ., 

~zlo AM-65S, Dowmetal D 1.3.8 5.4 12•5 1 (I t.>:J > n 
01 ;:o > 

H 
~ !: 

~~ ., 
NICKEL ALLOYS > 0 

~til "' z -
0 tCJ 100 

(D > 
ttPure" nickel (99.95 Ni + Co) 6.84 2.7 25·-2 .0069 1 c+ . 
~A" ~icke1(99•4 Ni + Co) 9·5 3.7 18 . •00474 20 to 100 1 ~ Ill 

--,<· 01 "' .. D"-Nicke1 (95 .Ni - 4.5 Mn) 14 5.5 12 
.. 

"' 1 
~ " "' nzn Nickel (_94 Ni - 4·5 Al) 43.3 17•0 4.0 1 ,.. 
0. "' least Nickel 8.3 8•2 1 

< 2l •' 

konel 48.2 19·0 3.6 .~011 20 to 100 1 ~ 
1-' 

least Monel 5).3 21..0 Je2 1 0 
"< 

"K" Monel 58.3 22·9 J.o .00018 20 to roo· 1 fA 

"S" Monel 63.:3 24-9 2.7 1 
IHastelloy A 126.7 49.8 1.4 Zero 20 to 800 1 
IHaste1loy B 135 53 1.3 1 n .... 

J: "' IHastAlloy C 13~ 52 1.3 ~ro 20 to 800 1 "' "' 1\J 
n .... 

~~ lfra.stelloy D 113 44 1.5 Almost 0 20 to 800 1 ;:: ~ ~ 
c • "' ....J;;l 

~nconel 98.1 38.6 1.-8 .000125 20 to 500 1 c ' Ill "0 Vl 

Inconel X 124(8) 49 1.4 13 < 0 w 
1-' 

~neal loy (97) 38 1.8 11+ (1) 
!" ::s 

~ichr-ome (60 Ni 24 Fe 16 Cr.) 112 44 1.5 .00017 20 to 100 1 c+ c 
N 0'. 

~ichrome. IV . ( ffO Ni 20:. Cr) 107.9 42·4 1.6 .000219 40 to 100 1 0""- z 
0 Ni Resis~. Type-. t ·- · -. .(175) (5) 69(5) ._o98(5) · ·.12 _, 

Ni Resls.t. •Type 2 _ .. (115)(5) 69(5) ·98 (5) '12 ... · ~~ 
...,.,Gl 
> f; Gl 

"' Ul 
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; 

Ill 

Resistivi t~ at 20° c. Conductance Per- Temp .. Coeff. of 
c 
!D 
L. 

·Material Microhm-CYfl) Microhm-if2) cent IACS(3) Elect. Resist. Reference ~ "' n 

oc"(4) 'ij 
-i 

per 
.. 0 

'~ .: 

~ ., a Tempe c "' ,. 
NICKEL. ALLOYS 

c -
ci" ,. 
<D -i -

(35 .Ni - 50 Fe - 15 Cr) ~ 
0 

100 39 1.7 .. 00031 20 to 500 1 ·z 

Constantan (Wrought) 49 .19 3.5 :t:.000025 20 to 500 1 .<t r ,. 
() !D 

Very· high Permeability Alloys ~ 
0 

16 6.3 11 6 0 "' .... ;;g ,. 
·· 78.5 Permalloy 78.5 Ni -i 

() 0 tr.l 0 

Modified 79 Permalloy 79 Ni ~~ ~ "' 5R 23 3 .. 0 6 
-< 

.. . + 4 Mo :::0~ 
Ul • 

' 1-4 · Mwnetal 77 Ni + 5 Cu + 1.5 Cr 60 6 
c 

24 2o9 (l) H z 
~ .• ·E6 -

Supermalloy 79 + 5 Mo I 65 26 2.7 6 Q < 
"' r.o ~ "' High Permeability Alloys for higher ci-0 Ill 

..... '"%.! -
field strengths < ·-i 

-< ...... ~ 
50 Per oont Ni ·tyPe alloys 45 18 .3.8 . 6 c+. 0 0 ..... ~ .., 
Monimax .79 31 2.2 6 <D txl > n 

rJ.I ~ ,. 
·Sirumax 89 .35 1.9 6 H ~ 

r -
:;~ 

.., 
Constant Permeability Alloys > 0 

Cll :0 
z 

45-25 Perminvar 19 7.5 9el 6 ·if -,. 
7-45-25 Perminvar 80 31 2o2 6 ci" 

Conpernik 45 18, 3.8 6 ~ "' rJ.I "' :0 

Temperature'Compensation Alloys " (ll "' 30 Percent Ni Type 80 31 2.2 6 g. r 

"' -< 
·· ' .32. 5 Percent Ni Type 80 .31 2o2 6 

~ Rectangular F..Ysteresis Alloys 1-' 

50 Percent Ni Type Alloys 50 20 3.4 6 0 
~ 

65 Permalloy 25 9.8 6.9 6 m 

Magnetostrictive Alloys "A" NicKel 8 3.1 22 6 ; 

Insulated Powder Alloy 2-81 Per..:. 106 J.,9 X 105 6 mal loy n ... 
X "' 1\) 

"' "' t.c n ... 
" ,. 

-...J~ TIN ALLOYS - "' :0 
c t-fm I rn 

c 

"' 
. \Jl 

-< w 
"Pu!-e" Tin(99.8 +) ( po~.ycrystalline) 11.5 4.5 15 .. 0 .00447 0 to 100 1 '"0 

.0 
Antimonial Tin Solder(95 Sn - 5 Sb) 14.5 5.7 12 1 ~ ? (1) 

Tin~Silver Solder(95 Sn - 5 Ag) I 10.4 4.1 17 .0042.3 0 to100 1 ::s "'"' ci" "'. Eutectic Solder(63 Sn - 37 Pb) 14.5 5o7 12 1 N z 
0 

Tin Foil 12.1 4·8 14 1 
White Metal 15 •. 48 6.1 11 1 .::---0~ 

...... Gl ,. 
"' Gl t-' 

"' t-' Ill 

) J :=:- • 
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Resistivi t~ at 20° c. Conductance Per- Temp. Coeff. of 
c 
Ill 

> '-

Material Microhm~, ~crohm7if2) cent IACS(3) Elect. Resist. "' Reference '0 n 
"0 -i 

per °C. (4) '1 .. 0" 

a Temp. c ~: 
-·· . 

"• 
•.,· 

:u 
ZINC ALLOYS > 

Ill 0 

c+ -,..: 
1 

(t -i 

•Pore" Zinc 5.916 2·32 29 .00419 0 to 100 -' 

~ 
0 

Zamak, -.3 6.3694 2.50 Z7 .003714 0 to 100 
z 

1 CD .-
Zamak - 5 6.5359 2.57 26 .oo35Z7 0 to 100 1 0 > 

c+ 
. Ill 

6~8493 2·69 "' 0 

&amak - 2•• 25 1 '1'1:1 t:::J :u 

~~ 
> 

Commercial Rolled Zinc, 6.06-6.10 2.39 28 1 
-i 

.tzl 0 

~'\:I "'' Zilloy- 40 6.22 2.45 28 1 -< 

~~ rn 
Zilloy 15 6.31 2·48 Z7 1 • ...., c . . ' (1)1-1 z 

,·. (4~ 
Cl -.P• CJ) < 

· · , PLATINUM ALLOYS ~0 z "' :u 
en 

~·· »;; -
J'].atinum Type A(99·99 Percent Pt) 10.6 ;i~ -i 

4·2 16 .oo364 20 to 100 1 -< 

Platinum Type B(99·9 Percent Pt) 10.8 4.2 16 .oo36 P:-~ 0 0 

20 to 100 1 .., 
(l)t1j 

Platinum Type C(99·5 Percent Pt) 11•4 4·5 15 .0035: 20 to ioo 1 CII::O > ·n 
> 

1-1 ~ Platinum Type 0(99.0 Percent Pt) 14·9 5·9 12 .0034 20 to 100 1 ·_o ~ ~ 
H)_ 

·.., 
Platinum;;..5 Percent Iridium· 7.5 9~1 > 0 

19 .0020 0 to 100 1 . . (I) :u 
~ z 

Platinum-lO·Percent Iridium 25 9·8 6.9 .0013 0 to 100 1 (I) -
'c+- > 

Platinum-25.Percent Iridium 33 13 . 5.2 .ooo65 0 to 100 1 -~ 
. 

Pl.atinum-5 Percent' Ruthenium 
Ill 

31.5 12·4 5.5 .0009 0 to 1000 1 (4, . ·; 

"' :u 

Platinum-10 Percent Rutheriium . 43~0 16.9 4.0 .0008 0 to 1000 1 Ill - . " "' [" .-
Platinum~! Percent Nickel 12.7 5·0 l4 .0033- 0 to 100 1 "' . ·" -< 

Pl.atinum-2 Percent Nickel 15.0" 5·9 11 .oo3 0 to 100 1 -~ 
Pl.atiilUm-5 Percent ·Nickel - ·" 23.3 9·2 7.4 .002 0 to 100 1 I-:' .. 

0 
96 Percent Pt-4 PercentW 36.9- 14.5 4.7 ~ ga_ 

PALLADIUM ALLOYS 
-.· 

Palladium 10.8 4·2 16 .00377 0 to 100 1 n , 
:z: :u l\.) ,, 

«1 Pd - 40 Ag 
.... "' 42· 17 4·1 •00002 20 to 100 1 -n , I 6 
" > ~> 

60 Pd - 40 Cu(Annealed and quenched)35 14 4·9 .00032 20 to 100 1 
.... :u ..J;;! 0 

t-4~ 
60 Pd - 40 Cu Cold vorked and heated 3 5 

;, • ~ 
1·4 49 .00224 20 to 100 1 ·-< \.tJ 

to 300° c. • . '1:1 
0 ..... !" 
CD 0 

IRON AI,LOYS 
' - . -~ 

~ ~-~· c+ 
N 0 

Carbon Steels 0.06 c.,o.38 Mn 
· (1006 range} "13.0 ' 5.1 13 .. ,_ 1· ~o-:. 

., ., G') ' 

> ~--- Gl 

"' N - - . - en 
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en 

· Resisti vi t:'J at 20° c. Conductance Per- Temp. Coeff· of - c 
"' 

~ 
L.. 

Material Microhm~!~ ~crobm-if2) cent lACS (3) . Elect. Resist. Reference "' n 

per °C. (4) 
"d ... -. 
'1 
0 

C1 Temp. c ~ :0. 

IRON A1WYS ~ ~ 
,. 
~ c+ ,. 

CD ... 
(cont.) -Carbon Steels tzj· 0 z 

0.08 C.,0.31 Mn(lOlO range) 14·2 5.6 12 1 1--' 
(t r ,. 

0.23 c.,o.635 Mn(1020 range) 16.9 6.6 10 1 0 
"' q"'d 0 

0.415 c. ,0.643 Mn(l040 range) 17.1 6.7 10 1 0 
:0 

..... ::t' ,. ... 
o.so c.,0.32 Mn(1078 range) 18.0 7.1 9e6 1 00 tzJ 0 

ID"'tt :0 

~-'Sl -< 1e22 Ge, Oe35 Mn. 

I 
19.6 7.7 8.8 1 Ul • 

Alloy Steels ~~ 1-4 c 
z 

0.23 C,1.Sl Mn,O.l05 Cu 20.8 8.2 8.3 1 (I)~ .Cl -..... < 

0.325 c,o.~5 Mn,0.17 cr,3.47 Ni 27.1 10.6 6.4 til z "' c+O :0 
~ en 

0 • .33 c,o.5J Mn,o.eo er,3.38 16. 26.8 10.5 6•4 1 
.... r.cj -
~~ 

... 
-< 

o.325 c,o.-55 Mn,o.71 cr,3.41 Ni 28.0 11.0 6.2 - 1 0 0 

0.34 C,0.55 Mn,0.78 Cr,3e53 Ni, ..... >-,) ... 
28.9 - 11.4 6.0 1 ~~ > n 

Oe39 Mo I 
,. 

- . ~ !: 
o.315 c.o.69 Mn,l.09 er,o.o7J ~~ ., 

21.0 8•.3 8.2 1 > 0 

3:(/l :0 Ni z - ; 0.35 C,O.~ Mn,0.88 Cr,0.26 Ni (I 

22.3 8.8 7.7 1 g . 
o.20 Mo I 

"' o.48s c.~90 Mn,l•98 si,o.637 
,._ 

CA "' 42-9. 16.9 4.0 1 
:0 

i " Cu ... 
r 

High Alloy Steels · . - "' -< 

• 1.22 C,lJ.O Mn,0.22 Si 6P.) 26•9 2.5 1 ~ 
o.26 c,o.~ Mn, 28.17 Ni 84.2. 33.1 2.0 1 1-' 

~ o.oa c,o.J7 Mn,19.11 cr, 71.0 V.9 2·4 1 lD. a.u Jii,o.60 w 
O.l3 C~0-25 Mn,l2.95 Cr 50.6 19·9 3.4 1 
o.-o c,o.28 Mn,1J.69 Cr 52.2 20.5 3.3 1 
o.715 ~0-.2'5 Mn,4.26 Cr,l8.45 w, 41 9 

n ... N :r :0 

16.5 4.1 1 "' "' ~ 0 n ... 1.075 v • " t-4"' -.J"' 
Iron Manganese A11oys(Values taken from graph) "' . ~ I .PI 0 

0 V\ 

26 Percent Mn 67 26 2.6 9 "' "'d w -< 0 
30 Percent Mn 68 27 2•5 9 ..... 

CD 
35 Percent Mn 68.5 27 2·5 9 ::s ~ 

c+ 0 

40 Percent Mn 69.5 27 2.;5 9 N ~-. z 
42 Percent Mn 70 28 2·5 9 0 

45 Percent Mn .71 28 2·4 -' 

9 ~: 48 Percent Mn 72 28 2·4 9 . ., ., Gl ,. 
~ Gl 

"' w en 
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0 Ill 

· Resisti vi t=J at 20° C. > c Conductance Per- Temp. Coeff· of ID 
'lj L. 

Material Microhm-crb ~crohm-if2 ) cent IACS(3) Elect. Resist. Reference "0 "' 'i 0 

per °C.(4) 0 
.... 

>< 
~ 

a Temp.C m "' IRON ALLOYS{Cont.) ct-
,. 

G ~ ,. 
~ .::! Malleable Iron 0 
G z 

ASTM Spec A47-33' Grade 35018 JO 12 5.7 8 0 r :ct- ,. 
ASTM Spec A47-3J Grade 32510 32 13 5o4 8 'i ;s· ID 

...... •. ·0 

Annealed Carbon Steel Castings 0 0 0 "' ,. 
'f. "' .... 

Oert7 --0~20 Percent C 13-14 '5.1-5.5 13 7 !;il. 0 
'·~· "' -< 0.20 - 0.45 Percent C 14-16 5.5-&J 11 7 if~ Ill • 0.45 - 1~50 Percent C 16-20 6.3-7.9 9e6 7 ca ~ ..... c 
·~ z 

Lov Carbon "Ingot" Iron . 10.7 4e2T 16 11 ca Cl -
c+O < 

"' Bessemer Steel 14.0 5.5 12 11 ·~ ... :.1 z "' 
~~ 

Ill 

Cast. (Carbon) Steel 15.0 5e9 11 11 -... 
-< Malleable Iron 32e0 12.6 5.4 11 ...... ., 
0 CD lx.l 0 Cast Iron 1()().0 39.4 1.7 r.l ;:o 
.., 

H > 0 

Nickel Steels ~~ 
,. 

~ 
r -AISI 301 72 28 2·4 6 en ... 

if > 0 

AISI 302 72 28 2.4 6 "' z 

£ -
AISI 302 B 72 28 2-4 6 

,. . 
AISI .JOJ 72 28 2·4 6 m 

m 
AISI 304 72 28 2.4 6 g; "' "' " AISI 308 •72 28 2.4 6 0.. "' r-

28 6 ~ "' AISI .309 72 2.4 -< 

AISI 310 72 26 2.4 6 ....... 

AISI 316 74 29 2•3 6 ~ 
AIST 321 72 28 2.4 6 
AISI 347 73 29 2.4 6 
36 Percent Ni(Invar) 81 32 2.1 6 
42 Percent Ni 70 28 2.5 6 n ., 
50 Percent tti ~ 19 3.6 6 :z: "' 1\) "' "' 60 24 6,1 

0 ., 
t!.~ 4 PArcent Silicon Iror 2·9 " toot,. 

"' "' ...J'"' c . "' ~"' c 
m "' -< 0 \,.) 

i-' 
CD c ::s 
c+ c 
N 0'- . 

0'-z 
0 

L...l . 
~o: .,..," ,. 
~ LP:fg " "' Ill 
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RADIATION LA&OMTORY·· UN'IYERSITY OF CALf,FORNIA ·BERKELEY 

DESIGN DATA 

HEAT TRANSFER BY RADIATION FOR A SMALL BODY IN A 
LARGE ENCLOSURE. 

L. Polentz 
CHECKED BY L B 

:u. T. Seal~~ 
M = 36.8 E 1 + Z73) 4 - (T2 ... 273\4 

1000 IOOC j for units used herein 

6 = emissivity of small body = 1.0 for curves belo¥1. 

-200 200 400 800 1000 
T2 : TEMPERATURE OF COLDER SURFACE - °C. 
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RADIATION LABORATORY - UN IVERS I TY OF CALIFORNIA - LIVERMORE DATE D. D. NO. PAGE 1 

OF 
.. . .. 1116/55 71 

DESIGN D A T A 2 PAGES 

.. SUBJECT PREPARED 
Frey & Turner 

P R E: C l 0 u s M E: T A L B R A Z l N G A L L 0 Y S 
·CHECKED BY . "" Lewia 

1) 

~I QUI DUS .SOLIDUS COMPOSITION IN WE I GHT PERCENT SOL I DUS l I OU I DU S NOTES COST APPRO X I MATE 

•No. oc oc OF OF PG. 2 AS OF 12/1/55 

1 20 80 
.. 

20 00 M0i).bdenum . Bot on 100 ' 3632 3 77 6' 3) ·4) $23.00/lb 

2 1966 1966 Rbodtum ·roo 3 574 •3574 ·•> $150. 00/oz .• In powder form 

3 1773 1 '713 Pl&-tinum 100 3223 • 3'223 . s )' $90.00/oz. 

4 1555 1555 Palladium 100 2 831 2831 3) $29. 00/oz. 

' 5 14 50 tte:o · N16 kel 100 2'64 2 •2642 3) $1.-15 to 2. 60/-1 b. 

8 1449 1427 Palladium Gold 260 0 2640 
.. .. ) $38.00/oz . 

35 65 

7 13 71 1149 Platinum . Gold 2100 2500 3_) $60. 00/oz 
25 75 

8 133 0 l330 Mol~~denum . Cob a 1 t 
63 

(Eutectic) 242 6 24 2 6 3) Not available 

9 132 0 1320 Mol{~~~num . N lc ke 1 
53. 5 

(Eutectic) 24 08 24 08 3) Not available 

10 123 5 1170 N 1c:g1 . C.o¥ger 2138 225 5 3) Not available 

11 1213 1150 NiC ke 1 . C.o~ger 2 2 01 2215 ·Coin N ic ke 1 Not avai~able 
25 3) 

12 1160 1160 P 1 a.t tnum . Silver (Peritectic) 212 0 2120 3) $36 .. 00/oz. I 
27 73 

13 1083 1083 COPPer 100 1981 1981 [8 Cu] 3) 5) $00. 65/lb 

14 1066 960 Cr: 16. 5; S I: 4. 5; Fe: 4. 0; 8: 3. 85: c: 0. 80; Bal. Ni 1760 . 195 0 [BN ICr) 5) 6) $7.95/lb. 

15 1063 1 063 Gold 100 1 94 5 1945 24 K $38.00 oz. 

16 1025 980 a old . N ic ke 1 . 
CoBgi: 

1814 1877 8.4K $17. 00/oz. 
35 3 

17 1010 9"70 Gold . cog~er 1 778 1850 8.4K [$17. 00 oz. 
35 

18 1 005 950 Gold . I nd§ um 
20 

. cog~!~ 1742 1 841 4. 8K $12. oOToz. 

19 991 957 Gold cow~ 3 7. 5 
1755 1815 B~~A~;JJ ~bld $18.00 oz. 

20 985 663 Tin . Silver Coppei' 1225 1 805 To avatlab e 
6 7 Ba 1. 

21 980 950 Copper . 
"g!d 1 74 2 1796 22. 6 K $3 9. 00 oz . 

6 

22 970 9 60 Manganese . Silver 1760 1778 [BAgMnj 5) 
15 85 

23 963 963' llantanese . Silver 1765 ·1765 
96 

24 963 93 2 Gold S i 1 ve r CoB~ir 1 710 1 765 !OK red gold $20.00 oz. . 41. 7. 2. 8 

25 9 60 960 si 1 ve r 100 1760 17 60 $1.50,oz. 

26 95 0 950 N ic ke 1 . Gold 1742 1 7_42 19. 8 K $35 . 00/oz. 
17. 5 82. 5 wbite gold 

27 95 0 779 Silver . Co¥8er 143 4 1742 $1. 5 oz . 
30 

~8 945 92 5 Gold Copper 16 97 1733 12 K $22.50 oz. 
50 50 

29 918 902 CNS~~r . Silver . Gold 165 6 1684 14 K $26.00/oz . 
2. 1 Bal. red gold 

30 910 779 s i I ve r . cogger . 1434 1670 $1.70/oz. 
40 

31 904 610 Co~~~r . Stiver 
92. 5 

1490 1659 sterling 
Silve t 

$1. 75Toz. 

32 899 893 Co~ger . Si 1 ve r Gold 1638 1650 18 K $32.00 oz . 
5 Bal. red gold 

33 8 99 707 Phosphor 
5 

. CoEger 1·3 05 1 65 0 [DC uP· Ij 5') $28. 00/oz. 

34 893 789 coner Indium Gold 1415 1640 14.4K $26.50 oz. 
3 Ba 1. 

35 891 779 corger . silver 
90 

143 5 163 5 Coin Silver $1. 75/oz. 

36 855 779 cogser . Silver 1434 15 71 $1. 60 oz . 
50 

37 843 819 Silver . cnw~ . Gold 15 05 155.0 14 K $26. 00/oz. 
24 Bal. 

3 8 82 7 804 c~~P~r S£~~er . Gold 1480 1520 $23.00 oz . 
Bal. 

39 821 796 c~g~~r . silver Gold 1465 1510 12 K $23. 00/oz. 
2 9. 5 Ba 1. 

li4o 788 707 c~i~$r . Tin . Nic ke 1 Silver 13 05 1450 Not available 
6. 0 2. 5 Ba 1. 

41 785 752 c~§Per Man~anese . Nic ke 1 . S1~!\~ 13 85 1445 Not available 
2 

42 779 779 c~ go• r . Silver (Eutectic) 1435 143 5 [BAg· 8) 5) $1.80/oz. 
72 

. '"43 760 743 c~¥pe r . Tin . Silver 13 70 14 00 ToT avaT. &liTe 
5 Bal. 

44 743 607 c~~per . Ind tum . Silver 1125 13 70 Not available 
13 Ba 1. 

45 743 604 c ggoe r . Tin . Silver 1120 1370 Not available 
10 Ba 1. 

46 740 688 Co~~er . Indium 
10 

. Stiver 
Bal. 

.1270 1360 $2. 10/oz. 

t7 730 604 c.u~;r . p• . M&nl~geee . sm~r 11 ao ISH l'fOt OV&lTilb 1·e 
• 0 

48 687 660 CNfP•r . Indium . Silver 1186 1369 J2.40/oz. 
15 Bal. 

49 232 232 TID I 00 45 0 45 0 8) $1. 00/1b. 

50 157 15 7 Indium 100 31& 815 8) u. 50/oz. 

'· -· . ... 
-~ ' ,, ' ~ .. -· .. '··· .. 



RADIATION LABORATOR.Y - UNIVERSITY.OF CALIFORNIA ..a. LIVERMORE 

DESIGN DATA 

SUBJECT 

PRECIOUS METAL B~'ZING ALLOYS 

(Metals ·salta & Oxides) 

II 
LlciUIDUS· SOLIDUS 

NO De ·oc 
COMPOSITION IN WEIGHT PERCENT SOL I OU S L I OU I DU S 

OF OF 

500 Thorium Nitrate 932 

455 Silver Chloride 851 851 

3.70 Platinum Chlorl~e 898 

300 Silver· Oxide 

254 Oold Chloride 489 

d:4U 212 Silver Nitrate . U4 d: 831 

NOTES: 

NOTES 
PG 2 

A1Cl 

PtClo& 

Auct 3 

DATE D.O. NO. 

1/18/55 

PREPAREDFrey & Turn:e'r 

CHECKED BY 

Lewis 

COST APPR.OX.IMAT~ 

AS OF 12/1/SS 

Not available 

$13.85 to 14. 85/lb. 

$43.40/oz. 

Not available 

$20. 00/oz. 

$1:00/oz. 

PAGE ·a 
.or 

'.2 PAGES 

1) Alloy constituents ·are chen in the follow in& order: the l&rleBt additive first, with lesser ones fol'l~wing and the bulk constituent la~~· 
ae balance, if more tblln two elements are inYolved. · 

The materials ·llat~d are available, in moat cases, from many different sup.pliera under various tradena11es or can be made to _order. 

"Electron Tube Orad~n ·should always be specified wh~n order1nc mtt~rials, as impurity content m~y be ezcessive for "Regular Gr~de" ~lt.ouch_ 
it is sold under tbe aa•e tradename. 

~) tradenamee and suppliers are iiated lri ~n1ineering Note: 3430·01 P-16. 

3) These filler meta~s wet molybden~m and tun1eten. 

4) DrJ H:rdr61en ot Dew Point -. eo 0c or batter is necessary ,tor auccesatul furnace brazing with th-ia material. 

&) The letter codes in aQuare brackets refer to the &J"mbols adopted bY the American Welding ·societY CAWS) and the American Society for 
Teatinc Materials (ASTM) in their Tentative SpeCificatiori.s ASTN ~ 8260·52T and AWS - A5.8·52T. The letter 8 standa for Brazing Filler 
Metal and. appears tn all of the seven main sroupa which have been established. The chen·dcal symbols following the letter is indicate t'be 
main conatltueats while the nu11bers indicate sutaroup.s ot vari·ous relative percentage· compositions. Many"Electronic"brazing allOys· a_i-e 
not covered by tbia Code. 

6)- f'or Stainless Steel.Inconel, etc.hich strength and corrosion resistance at elevated temperatures up to 1000°C. Pure, dr)l hydrose_n of 

7) 

Dew Point leas th.an -40°c reQuired for furnace· brazins •. Dissociated ammonia not recommended. 

Phosphor - contai·ninc alloys are not generally accepted for vacuum tubes although their use has been demonstrated to· be ·practicaL 
Res~ricted to copper and nonferrous alloys to be brazed at 1300°F or h1Jher: 

8) While "Brazinl" is performed, bJ' definition. at a temperature of ·aoo 0 p or higher. tin and indium, as well as BO!Be of the metal salts, have. 
been listed for convenience of reference. 

9) Metal salta maJ" be used in liQuid or paste form for very intricate brazes, to close small leaks, to join light parts where no mechani·cal-
streneth is exPected. The letter· "d" indicates decomposition at tbb temperature stated. 

Complied bJ : Walter H. ltobl. Electronics Consultant on Materials and TeehDiques. • P.O. Box 426.Los Altos, California. 
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