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PREFACE

The dielectric constant and loss data presented in this report were
measured at the Laboratory for Insulation Research of the Massachusetts
Institute of Techmology, Cambridge, Massachusetts, by W. B, Westphal. This
work was performed between 1 July 1974 and 31 December 1976 under Contract
F33615-75-C-5020, Project No. 7371, Task No. 73710126, for the Air Force
Materials Laboratory.

A technical report dated December 1975 presents data on materials
measured in the early part of this contract. This final report includes data
measured through December 31, 1976, The index following the data section
refers to early data reports and uses the prefix 9-‘for pages of the present
report. The data section does not generally include measurements on research
samples under development by or for the Air Force Materials Laboratory.

This report was submitted by the author for publication in March 1977.

The work was administered under direction of the AF Materials

Laboratory, with Mr., John C. Qlson (AFML/LPJ) acting as project eugineer.

| ACSESSION for
1 Whlts Soctlan x,
soe futt Sectioa [
NANKOUHLED a D D C
JSHEIGATON. .. ..o ... f"WfE?“

Steterenesing caee . D ' n 4 L q mlrf_.j
" NOV 4 1917

OISTRIBUTIOH/AVAILARILITY G008 l

M TR aod/or SPECIAL UD@LBU U [5
D

A

i1




TABLE OF CONTENTS

MEASUREMENT TECHNIQUES
EQUIPMENT CHANGES
FUTURE WORK
PROGRAMMING

DATA INDEX

DIELECTRIC PARAMETERS
MATERIALS DATA

MATERIALS AND COMPANY INDEX

Page

21
23
24

45




MEASUREMENT TECHNIQUES

The basic measurement techniques using bridges, reentrant cavities,
standing waves, and dielectric-filled cavities have been discussed in previous
reports.* During the present contract period we have used new measurement
techniques as follows:

1., The use of large (> l-inch diam.) silver-coated cylindrical specimens
contained in copper sheath immersed in an oil bath instead of an air oven.
Uniform temperature makes possible resolution to better than 0.01% for determi-
nation of temperature coefficient of dielectric constant. The absolute
accuracy 1s limited to about 0.1%Z by uncertainties in the iris correction.
Examples of these measurements are shown on pages 12 and 19 of AFML-TR-74-

250, pt, II.

2. The use of a thin coax washer in the center of a dielectric-filled
coax sandwich cavity. In the dats reported herein for Corning Glasses 7052
end 7056, two coaxial caps of Dynasil 4000 completed the symmetrical package.
Losses were measureable through the softening point, but dielectric constunt
calculations had not bee; d;;;I;;;d at the time of these rums.

3. The use of 4 thin (< l-mn) disk sample to extend the loss range for
TE cavities. The data on Nibexlox in the present report was obrained with this

arvangement.,

Tech, Rep. 182, Lab. Ins. Ros., Contract AP3I3(616)-8353, October 1963; Tech.
Rep. 201, Lab, Ine. Ree., Contract AF33(616)-8353, Cctober 1966; AFML~TR-66-
28, Lab. Ine. Rea., Contract AF33(615)-2199, January 1966; AF ML-TR-70-138,
Lab. Ine. Res., Contract F33615-67C-1612, July 1970. AFML-TR-71-66, Lab.
Ins. Res., Contract F33615-70C-1220, April 1971; APML-TR-74~250, Part II,
Lab, Ine. Res., Contract P33615-71-~C-1274, December 1975.




4, The use of sandwich cavities with thick samples to increase the loss
romge. For the sample of AS~3DX~176 of woven silica fibers, the usual pressure
welding technique for forming the platinum cavity was nct advisable. Instead
end caps of Dynasil 4000 were added and the welding done at 1000°C in a drill
press instead of the usual hydraulic pressing at 800°cC.

5. The use of higher order modes in dielectric-filled cavities to reduce
the necessity for very small samples and high wall losses at high frequencies.
The Nynasil 4000 measurements at 8.5 GHz with one-inch diameter sample (Pt foil)
and at 35 GHz with a 0.4" diam, sample (Pt6-Rh.4 foil) used TE 113 or higher
order modes., The length, diameter, and mode are chosen to avold other resonances
within 10X frequency range. This scheme is feasible only with homogeneous

isotropic materials.,

EQUIPMENT CHANGES
(provided by another contract)

An internal doubler for our Hewlett-Packard Model 8640B signal generator

extands the range to 1024 MHz, Coumercial crystal controlled multiplier chains

have been purchased:

Frequeancy Poway output

1.686 100 uW
2.45 1w
3 200 uw
8.5%5 20 uW
13.6117 315 ul

A tripler for the 13.6 GHz unit provides 150 mW output at 40.8 GHaz,
Begluning in 1977 no funds ara avsilable for equipmant purchsesa frou the

present source.
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FUTURE WORK
Construction of standing-wave equipment for 40 GHz is planned. The
sample diameter will be 7/32" nominal., The probe carriage, standing-wave and
input plunger section will be water-cooled. Operation to 1500°C should be
practical on materials which become at least moderately lossy (tan § > ,002)
lg at 1200°C. The empty holder loss measurements will include the effects of

ionized gases, which have not yet been evaluated.

PROGRAMMING
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Program 1 allows us to scan the possibilities for resonance with dielec-

tric-filled cavities using a specified dielectric comnstant (K1), dismeter (D),

frequency in GHz (FGHZ), resistivity of the walls relative to copper (RESRA).
For each combination of D and Kl the required length (LENGTH) ir cm and the

wall loss (1/Q for a no-loss dielectric) is calculated.

7

B T

An integer variable (X) is used to specify the cross section mode according

b g

to the following tabulation:

Value of X Mode Value of X Mode

1 TE1l 13 TH21

2 21 14 02

3 01 15 31

4 31 101 ™O010, L = 0.1 cm

5 41 102 ", L=3cm

6 12 103 " ,Lwlen

7 51 104 " ,Le3enm
11 ™01
12 11

A second integer variable (N) determines the length mode, except for the TMOL0
wode where four values of length atre given in the program,

Program 2 ie used for symmetrical eandwich cavities with TE modes., The




thickness of the end disks must be calculated to achieve resonance at the
desired frequency. Also, the dilution effect on losses should be calculated
gso the proper ratio of sample loss to overall loss can be chosen. In Program 2
only the lengths for resonance are calculated; this program will be later expanded
to compute ovarall loss. In the present printout the following are listed:

F Frequency for resonance in GHz

Kl Dielectric constant of end cap material

TAN1 Loss tangent

K2 Sample dielectric constant

TAN2 Loss taungent of sample

D2 Thickness of sample in cm

Dl Thickness of each end cap for resonance

DlA  Thickness of end cap to form a cavity
one wavelength longer

Program 3 18 used to compute the properties of the sample when & coaxial
wavemeter is used to measure wavelength (WLM = WL*2) and width of resonance
(DELWL). The program uses iteration to refine initial approximate values of K2
and TAN2 to final values cslculated with an accuracy of better than one part in
a million.

Program 4 computes the dielectric constant and loas of the sample not
centered in a coaxial cavity having wall losses determined by measurement of
empty cavity. This is eepecialiy useful for measuring low-loes materials to about
1 microradian in the 150 to 500 MHz regiom.

Program 5 i a modified version of Program 2 of Ref. 6. This is used for
calculating the attenuation and phase shift of each layer of a multilayer radome
(to 10 layers) with perpendicular incidence and now includes calculation of the

overall insertion losa.

Bach program ie aritten for FORTRAN G and is listed in the Appendix to this

gection.




Program 1., Resonant Modes and Losses in Dielectric-Filled Cavities

PORTRAN IV G1 RELEASE 2,0 DATR = 77011 11726 727
0001 INTEGER®4 ToIloJoKoLsNoyXoNDINNNKyRXsH
0002 REAL®B WLy FOHZeAWPIT«PIT29DsCsX1sYsBrLENGTHILEINIPoNDB 9 TANW
2SKINDWRESRAYDIAIONE» TWOy XNyR
0003 DIMENSION DATE(J9) +K1{10) oK(20) +D(4) +1N(5}
0008 NAMELIST/IN/XyDoNoK]1 aNX s NDoNK¢NNoFGHIYRESRA/ZOUT/FGHZ s RESRA ¢ SKIND

6005 200 FORRMAT (1X,39A2)

0006 201 FORMAT(1HO,10X+J9A247)

0007 100 FORMAT (2X92Xo1HXs2Xo1HN9 JX4BHDTALs CH14XsIH1/QeBX s FHLENGTH CM,
25X s LIHLENGTH INCHoGX s 1HK}

0008 101 FORMAT(1XsTOelXsI241KeF0e401XF12,9414,
2F12,541XsF12.541X0eF10,5)

0009 7?7 READ(S+200-,END=88) DATE

0010 WRITE(6,201) DATE

0011 READ (54 IN}

0042 WRITE(6,100)

0013 P11:3,141592653600

0014 P11252.D0%R1]

0015 ONE=1,00

0016 T™0=2,D0

0017 WL22.99792656201 /FGHZ

f01g SKIND=OME/ (PI]2#0SQRT (FGRL®S, 73505208 /RESRA))
0019 [YEY)]

0020 00 10 I=leux &

0021 IF(X{D) ,EQ, 1) GO YO 21

0022 TFAXII).kQ.2) 6O TO N

0023 IF{X{D) ,£0.3) 60 TQ &}

0024 IFIA(1) ,EQ.6) GO YO Si

0025 IF(X{1),E0,5) GO TO S} ¥

0026 IF(X(]),EQ.6) GO YO T

0027 IFLXUT) LEQ.TY GO TD 81 -

0028 IF{X{T)L,EQ. 1)) GO TO 121

0029 IFIX(1),EQ.12) GO TO 172

00 30 IFi%{1),EQ. 13} GG YO 123

001 IF(X(I1,EQL4) GO TO 1264

0032 [FUIX(I),EQ.15) GO TO 125

0033 IF(NE]) ,EQ,101) GO TO 30

0034 IFIX(D) ,EG, 2) GO YO 302

0035 IFIX(]) ,£0.103) GO TO 103

0036 IFERIT) ,EQ,100) GO FO 30

0037 10 CONTINUE

0038 WRITE (6,0UT)

0039 60 10 77

Q040 21 vel, 86118400

0041 XNWONE

6042 G0 TO &0

DONY 3y ¥e3, 05623700

odaa XNuTS0

0085 G0 O Ao

00N6 &) Ye3, 83170600

Uiy AN%9.00

0068 G0 YO 89

00849 51 vea 20118900

9050 XNRG 400

€081 GO 1O 80

0052 61 Y#5,31755300 .

0053 XN‘“!OO ~Ny
0058 60 T0 80 A
0055 71 vs5.33146300 A‘ ‘ b 8
0056 XN=ONE 1
0057 &0 Y0 an

0058 81 twh, 81851600
0060 G0 0 80

Wi




Program 1 (cont,)

0061
0082
00¢3
00éa
0065
0066
0067
0058
0089
0070
0071
0072
00713
0074
0075
0076
0077
6078
0079
0080
0081
0082
0083
00834
0o0as
0085
0087
0088
0089
00e0
0091

0092
0093
0096
009%
0096
0097
0058
0099
010%
2101
02
c10¥
0100
0v0%
0105
0101
e108
010¢
0110
GARA
0112
AR R
AR
oNns
AR
oy
VARE.]
0119
G120
9121
0122
0122
912%
otzs
0128
0127

121
122
123
124
12%
301
jo2
303
304

80

la
14
12

o1

I3
| B
11

1A

a8

Y=2,406482600
60 T0 ¢
Y28,83170600
60 70 93

Ye5,13562200
30 10 91 B;r'gr V;é” A AL
Y25,52007800 - Y v AES g’: ! 7.
60 10 91 it ' 4
Y=6,33016200

GO T0 9

LENGTHS0.1N0

GO TO 8?2

LENGYH=0,3Nn0

GO YO 82

LENGTH=1.D0

GG TO 82

LENGTH=3.00

60 TU B2

DO 1¢ K=]«ND

A=Y/ (RI1®D!K))

DO 16 1131,NK

CeK1 {11} AuLeny

B=CeAv9p

IF (Bt E€,1,0-2) GO TO 16

DO 16 L=z=l.NN

NOS=N (L)

LENGTHMS0.5SDO®NDB/DSQRT (B)

LE INRLENGTH/2,5400

PeNDBePLL/TWG

RzD (1) ALENGTH

TARNNE (SKINDZWL) D] 122 [ ve02e {Pe02) 0RE® 34 (ONE-RO (PORSAN/Y) 2021 )/
2U(ONE=~(XN/YI®83) o (yuep, (P¥R)0eD)0e],b5)

D1A=20(K)

WRITE(6.101) Xi12oMNIL) oDIAYANWLENGTHLEINKII D
CONT INYE

CONTINUE

CONTINUE

60 Y0 1o

00 1t Kel.nD

AsY/(PIIeD (X))

DO 17 T1=l.NK

CxK) (1Y /w o9

QuCe-asep

IFIR.AE.1."=2) GO YO 1Y

DO 13 L=laun

NDREN (L)

LENOTHED WSQ0eNNR/DSORY (R

LEINSLENGTW/2,5400

PuRDE*PI1/TW0

RxD M) ZLENGTH

TANNE (SKIND/ZWL) ORI 129 (ONE*H) JDSORT (VO® Qe (POQI o0,
DIA=D (X}

RRIYE (S 1011 AvT) oNIL) oOTA s TANWILERGTHLEIN.KL LT T
CUNTEINUE

CONTIRUE

CONTIRUE

GO 10 10

Ye2.e0422800

LEINSLENGTH/ 25400

0O 18 112].8K

OFAnut ov/ {DFI®BSCRY (K11 D)

RaDEAZLENRGTH

YANKW ISKIND/ZNL ) #RL O {TUDI*R) /Y

WRITE 80011 K(1) oNeDIA TANGVLERGTHILEINGK] {TIT)
CONYINUE

60 10 10

caLL gxit

£xD
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Program 1 (cont.) Eg? AVAEiéQié {@PY

Print-Out of the Program

8,5GHZ TE111 TO T®%513,THO11 TO *¥3123,TN010*8L K=3.82,2.88

£ § DIK., CA 1/0 LENGTH CH LENGTH INCH K
1 9 2.5400 0.000076775 0.98997 n,38975 3.82200
1 2 2.5400 0,000039988 1,97993 A,77950  3.82200
1 3 2.5400 0.000029725 2.96990 1,16925  3,82200
11 2.5400 0.000069840 1.18147 n.46515  2,88000
1 2 2.5400 0.000041754 2. 36294 #,93029  2,880N
1 3 2.5400 0.000032525 3.54481 1.39560 2,88090
11 1.2700 0.000087678 1.61900 7,63780  3.82200
1 2 1.2700 0,000980639 3,23800 1.2768%  3,82200
1 3 1.2700 0,000078293 4,85701 1,91221 3,82200
i1 1.2700 0.0091146491 3.59133 1.41391 2.88000
1 2 1.2700 0.000113505 7.18266 - 2,82782  2,88070
1 3 1.2700 0,000113177 10.77398 6.26173  2,88000
2 1 2,5400 0.000057830 1.26291 n.48933  3,82200
2 2 2.5600 0,000042273 2.48581 0.97867 3,82200
2 3 2.5400 0.000037087 3,72872 1.46800  3,R2200
2 1 2.5600 0,000059218 1,70660 7,67189  2.880)0
2 22,5400 0.000050030 3.41319 1.38378  2,88R00
2 3 2.5400 0,000046968 5,11979 2,01566  2,88070
IR 2.5400 ©0.000033532 1,7931% 0,70595  3,82207
3 22,5600 0,0060028351 3.58623 1.41190  3,82290
3 3 2.5400 0.000026624 5.37934 2.11785  3,8227)
v 1 2.5400 0.000297386 2.83332 1,11548 3.82200
§ 2 2.5400 0,000296073 5,66664 2.23096  3.R2200
4 3 2.5400 0.00023563% 8.69996 3. 34644 3,42270
s 1 2.5400 0,000297386 2.83332 1,11588  3,82200
$ 22,5400 0.000296073 5,6666¢ 2.23096  3.8220N
5 32,5600 0,000295635 8.4995¢ 3, 34643 3,82200
11 1 2.5400 0.000097732 1.07209 n,42208  3,82270
11 22,5400 0,000063370 2, 14419 n,A4617  3,82200
11 3 2.54060 0.000051915 3.21628 1.2$625 3,82200
o1 2.5406 0.00009T7276 1.3291% n.52328  2.88010
k 11 2 2.5400 0.000065346 2.65828 1.04657  2,88000
5 1 3 2.5400 0,000054703 3,96761 1,56565  2,88000
e 101 0 1.1786 0.000421843 0.10000 0,03937  3,82290
. 101 0 1.5881 0,000477636 0.10000 6,03837 2,880
& 102 0 1.3786 0.000176246 0,30000 8,11811 3.82200
. 102 o 1.5881 0.000194910 0.30000 0, 11R11 2.68000
I 103 0 1.3786 0,000090286 1,00000 A.36370  3.82200
" T 4 503 0 1.5881 0.000095086 1,00000 0.3937%  2.88000
§ §g 104 @  1,3786 0,000065727 3,09000 1.18119 1,82200
S 106 0 1.5881 0,000067%33 3,00000 1,18110  2.88010
X %f 6007
g U PGEZs §.51399999999999990  ,FBSRAe 1,0000000000000070¢
N &y -
5 SKIND=  ,7202132291436859940-08
o SEND
b
& 23
i
7
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Program 2.

Resonant Lengths of Three~Layer Symmetrical TE Cavities

0001
0002

0003
0600u

0005
0006
guo?

0008

0009
00t
001
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026

0027

6028
002¢
00130
0039
0032
0033
0034
003%
Q036
0037
0038
0039
0040
0681
0042
0043
QOouu
0045
00Ne
0047
0048
0049
0050

S X T it
v FIN Nl g R e s

200
201

INTEGER #2 19JyKyNoKOUNT

REAL®B PII+ONE+WLCoFR4FGtK29K2GsX19K10o02+D2GsD1Gy TANY »TANLG L
ZTAN2yTAN2GsDIAWWLIUsBLsT19B29T29R1cRoERRORyWESEROLDoDIOLD 80 BRA
25'5”51“)/1.0'1Ol'0’203QB'39100‘3’390°“0190“40300‘50100‘50300'69
3£4D=043.0v79]1,D0=T43,D=8;14s0=8/¢F(21/1+00+=1,00/+D1AsP112

DIMESSION DATE (39) oFG(8)sK1G(B) sK2G(B) 4+ TANIG(8) s TANZG (8) »N2G (8)

NAMELIST/IN/ZFGaK1GoK2G e TANLIG s TAN2GD20sDIAWN/OUT /WL sU9BL T
PH2eT2:R JERPOR/QUTLI/D1 4 TLeR1yRyERROR

FARKAY (1 X452 2)
FORMAY (1H0 420X 439425 ¢)

100 FORMAT (N9 iHF o+ TXKe2HR 1 ¢ 6X 9 2HK2 9 TX o GHTAN] 9 OX 9 4HTANZ ¢ TX e 2HD2 o TX 9 2HD 1 o

28%s310:1avaxeeHRIDL s 3X ¢ THTALB2024 6K 4211 1 y4X 9 SHERROR}

10 FORMAT (IKoFTo30hXe Ta3ol XoF T, 30 IXoFQe03 ) XoF Q.59 1XeFBabolX FB,b,
alx#?9‘&9lxOFB.“'IXQFB'QQIX'F7.“"X.E96“)

17

620
©0}

g~

READ(5+200.END=8R) DATE
WRITE(6.201) DA%t
READ(S+IN)
WRITE(6,100)
PI123,141592653600
P11242.00ep1]
ONﬁll.DO
WLC=1,706293D0%D1A
00 10 I=leN
FR=FG(])

K2=K26 (1)

K1=K1G(1)

02=D2G (1)
TANI=TANIG(])
TANZ3TANZ2G(])
WL=2.697926562D01/FR
Uz {WL/WLC)ee2

B13P112¢DSART ((K1=U) @ (ONE*DSQRT (ONE (TANLIZ (ONE+U/K1) ) #02)3/2,00)

e/ut.

B2=PIT1200DSART ( (K2=U) * {ONE*DSQRT (ONE« (TANZ/ (ONE*UsKZ) ) #82)1/2,D0)

27w
T2uDTAN (82002}

ReONE/T2¢USQRT { (ONE/ZTR) @®2e0NE)

T1=R*DSORT (K1 /K2)
D1GsDATAN(TY)

01s01G6/81

Ri=eT12DSURT (K2/K))
R22,00/(R1~ONE/R))
ELROREDAUS (T2-R)

00 400 K2]l,le

DO 630 J~1eQ
WERONE +STER (K) &F (J)
KOUNTa(

KOUNTeXGUNT )

IF IKUUNT-GTY 450! G0 YD 4&%
EROLDwERROR

210 0eD)

0leDlswg

IF(DlelTalol=4) GO TO 4&®
T1s0TAN(Bl#DY}
R1uwY)eQGQRYT (K2 K1)
Re2,00/ (R1-ONL/RY)
ERROR=0ABS (T2-0)
1F(ERRONLLELERGLD) GO TO %01}
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Program 2 (cort,)

G0S1 D1=C1GLD
0092 ERROR=EROLN
0053 600 CONTINUE
0054 IF (ERRORWLF ,1aD~6) GO TO 450
0055 400 CONTINUF
0056 GO0 TO 459
0057 449 WRITE(6,0UT1}
0053 450 BD=Bla(}
0059 BNA=BD¢ P11
0060 D1A=BDA*HL/ (DSQRT ( (K1=t}} * (ONE+DSQRY (INE+ (TAN1/(ONFoU/K]1) ) ne2))
22.00)#P1I2)
0061 WRITE(64101) FRoK)4K2,TANLsTAN24D2401¢01AsBOT2+T14ERROR
N 0062 10 CONTINUE
v 0063 GO0 TO0 77
B 0064 8RR CALL EXIT
R 0065 ENG
RS
§
¥
b3
f
&
&
% Print-Out of the Program
i
g ASIDX 176-17
% P K1 K2 AN TAW2 D2 p1 D1A
£ §.515  3.823 2,840 0.00015  0.,00180 1.9050 00,2218 1.2118
g 8,600  3.823 2,840 0,00015 0.00180 1,9050¢ 0.2086 1.1866
) 8,656  3.823 2,840 0,00015 0,00180 1,9050  0.2010 1.1722
K

B81DY  TANB2D2 ™ BRROR
0.7040 ~3.1518 0.7345 .0
0,676 +«2.5%96 0,6R86 ,22200-15
0.6500 =-2,2964 0,6624 ,2220D-15
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Program 3,

Calculation of Dielectric Properties of Center Sectionm in

0001
0002

0003

0004
0005

¢00(

0007
0008
00049

0010
00¥1
0012

0033
AL
06015
0016
00ty
06019

0019
6020
002%¢
Juvd2
0023
0024
0025
0026
0027
0024
0029
00131¢
0031
0032
0033
0034
00135
00136

0037

Go3ia
3039
00u0
00u
0042
0041
0044
0045
0046
0047
00us

Three-Layer Symmetrical Cavity

INTEGER®4 JoJaKeNeTI eKOUNT»COUNT
REAL®R WLM<D19D2sX19DTAs TANLSK2IsTEMPoPIIoPII2+ONEoSOLD
2STEP (16171 D=141402293,0"351e0=393.0-99140=4643:05¢140=5¢3eD=60
31,0=6:3,0-701e0=723¢D=891:0=8/0F(2)/7eD0o=1,00/eWEsX2¢TANCAL
4T1BloWL oAl sUsWLE oK1GoTANIGo 32+ TANMo V2 oK20LDvOELWL s ERRORYEROLD
SSILLY(2) oWL1sTAHAGTHIR«THII e TANZ A2+ THZRoTH219ZBIR:ZB1 1+ TOLD
COMPLEX#16 ZONEo+ZOONEZBloTWOsA1CeB1CeGlo THIAC,
2THIICsTH1 vA2Co82CoGR9G120G21 ¢ TH2RC y THAIL s TH2
EQUIVALENCE (SILLY(1),ZB1}
DIMENSION DATE (39) 4+WLM(30) o TEMP(30) oX1iG(30) 4 TANLIG(30)
cDELWL t30)
NAMELISY/IN/WLMsTEMP oD 0 J29oK1Gs TANIGoR2I s DELULoNDIA/ZOUT/X29TAN2
ZTANCALQERRORozﬁlﬂolﬁlIoKOUNToKoJ/OUT}/ULOUoGleﬁLloTHloGao?HZQZB!
200 FORMAT(1X439A2)
201 FORMAT (1H0,420X¢39A24/)
100 FORMAT (1Xy)6HWAVELENGTH WEAS..ZXQlEHrENPo DEGe CodX92HK1oSX,y
PGHTANL 48X o SHOELWL 90X 9 2HD 1 0 TX 4 2MD2 0 6X 0 IHDI A9 6X 9 INKZ1 )
10] FORMAT (1XoF 9o el tXeF 724 KoFT,o301XoFReSelNoFBetbolXoFBabolXoFB,4,
TIXeFB 4 1XeFBL0)
102 FORMAT (X vGHTEMP 9 IX ¢ GHTANMoBX ¢ GHTANZ s X0 P2HK2: Ko SNIBIR 11X 0 £HZBL T
28Xy HHTANCAL ¢ SX ¢ SHERROR, 7K 9 1 HK)
103 FORMAT (1XoF T2y 1XKoF 12, TolXeFi2Ts1XeF1l2080140F12,741ReFL2.To1Xoe
?Fl’.o?"XvEl3o6'lx0I2)
TT READ(S5+2004END=8B) DATF
WRITE(6.20') DATE
READ(S IN)
WRITVE (61 T0)
DC 8 (I=leN
WRITE(64101) WLMITL) oTEMP(II) oK1GCIT) o VANIG(I Y +DELWL(TI) (D1,
2D2sDIL K]
A CONTINUE
ZONER (1 ,D0¢0.G0)
LOONE=(02D0+1.03)
P1123,141592653600
PI11285,2831853(7200
ONEBIoDO
T¥0x2,00%70NE
WLCal,706cy.D0%DIA
K2=K2!
WRITE(&,VI0™
00 10 I=len
wLwl61) /72,00
Uz {dL/WLC) ae2
K1aK1G{1)
TANMBDELWL (1) /7 (30029L) =3eD=4oGS50RT (ONEe {TEMZ {[) ~TEMP (1)) »¥,80=3)
TAN2uTANM® (2,008 uleD2) 702
TANISTANIG (1)
BIIPXIE°USQRT((KZ‘U)'(ONE’OSO”T‘ONEO(TQNII(Okﬁ‘U/Kl))‘92)1/2.00)
240
A1aPII280SORY ((K1=U) ( .ONE*JISORT (OME* (TANL/ (ONE«1)/K]1) ) »e2)) 22,00)
2/ul.
TI1=0TAN (Bl o)
WL1aKL ZOSRRT ((K1=U) @ (ONE*DSQRT (ONE« (TANL/ (CNESUZK]) ) #02)) /2,005
AiCx20NE®A)
BlCe20ONEea]
Gl=AlC*HI1C
TAMABDTARK (AT 2D1])
THIROTAHA® (ONE«T1992) 7 (ONEoTAHA®R20T ] ®42)
THIERY @ (ONE=TAHAC®2) 7 (ONESTAHARNROT | ®02)
THIRCHJONEOTHIN
THIICaZ0ONFOTHIL
THInTHIRCoTHLIC
w BEST AVAILABLE (O




Progran 3 (cont.) BEST AVAILABLE COPY

0043
0050

0051
0052
0053
0054
0055
0056
0057
0058
0059
0060
0061
0062
0063

0064
0065
0066
0067
6068
0069
0070
0071
0072
0073
0074
0075
6076
0077
0078
0079
0089
0081
0082
0083
0084
0085

0086

0587
0080
0089
0090
0091
0092
0093
0094
0095
0096
0097
0098
0099

0100
0101
0102
0103
01064
010%
0106

440

420
401

1l

A2=P 1 200SORT ( (K2=U) # (~ONE+DSORT (ONE+ (TANZ/ (CNE+U/K2) ) ##2))/2,.00)
2/t

82=P1122DSORT ( (K2~U) * (ONE*DSQRT (ONE + (TAN2/ (ONE+i/K2) } #92) 3 /2,D0)
2/4L

A2C=IONE®*AR2

B2C=ZOONE®R2

Ge=A2C+B2C

612=G1/6G2

G21=082/61

TAHASDTANH (A2#02)

T2=N1TAN (B2#D2)

TH2RZTAHA® (ONE+T2¢92) Z(ONE+TAHARR24T2982)
TH2I=T2% (GNE-TAHA®#2) / (ONE+*TAHA RS20 YZ092)
TH2RC=ZONE#THZR

TH2IC=Z0ONE#THZ1

TH22TH2RC+ THR2IC
ZBiiiTHO“THl0621°TH2'THI°'20612'TH2)/(ZONEo(GZI°GIZ)’TH1'TH20
2TH 2)

IB1R=SILLY (1}

ZRLI=SILLY (2)
TANCAL=ZBIR*WL1/(PT1*(2,00%01+02))
ERROA=DSART ( (TANCAL=TANM) #¥2+75][w02)

COUNT=0

COUNT=COUNT+]

IF (COUNT GT43) GO TO 450

DO 400 K=l,l6

SOLO=STEP (K)

00 600 J=1,2

WESONE«STEP (K) #F yJ)

KOUNT=0

KOUNT=ROUNT»1

IF (KOUNT+GT.90) GO TO 450
IF(KOUNT.GT.IO.AND.STEP(<).LE.loD~3) GO TO “31
GO T0 428

STEP(K) =STEP(K)*10,00

G0 70 420

425 EROLD=ERROR

K20LD=K2

K2sK2aWE

B2aPI12%DSART ( (K2=U) # (ONE*DSQRT (ONE+ (TANZ/ (ONE*U/K2) ) 80211 /2,D0)
2/NL
ﬂZﬁPIIZ'DSQRV((K?'U)’(-OVE'DSQRTQONE‘(TlNE/(ONE‘U/K?)’*'a))/2.00)
2/%L

ARC=ZONE®AD

82C=2Z00ONE*R2

G2eA2C+82C

G12%61/62

621262/61

TAHABDTANH (A2%02}

72aBTAN(B2#D2)

TH2RBTAHA® (ONE+T24#2) / (ONEe TANARO20T2002)

TH2I=T24 (ONE~TAHA®92) 7 (ONE* TAHA®O2ET24€2)

THERCeZONE #THER

THR1CeZOONE®THZL

TH28TN2RCeTH2EC .
a!B:';;?O'THI0621‘?"8'7“1"3‘512’7"2)/‘IONEO(G?l‘GlZ)'Y“l‘TNQO
TH] RO,

Z61ReSILLY (]

2B1IeSILLY (2

TANCALuZBIRONL1/Z(PTI9({2,90%D]+02))
ERROReDSART ( (TARCAL=TANK) #9247 1002)

IF {ERRORCLEJEROLD) GO YO «0)

ERROREROLD

K=K 20LD

1l




Program 3 (cont.)

w7 s BEST AVAILABLE COPY

0109 00 700 J=1,2
0110 421 WE=ONE+STEP(K) *F (U}
BRI KOUNT=Q
0112 402 KOUNT=KQUNTe1
0113 IF (KOUNT«GT,.90) GO TO 450
0114 IF (KOUNTGT.10.ANDLSTEP (X) o LEo14D=3) GO TO 612
0115 60 TO 428
0116 412 STEP{K)=STEP(K)*10,N0
) 6117 G0 TO w21
& 0118 2R TOLD=TAN2
: 0119 EROLD=ERROR
0120 TAN2=TANZ*wE
3 0121 B2=P11220SIRT ((K2=)) ® (ONESDSQRY (ONE« ( TAN2/ (ONE+U/K2) ) 292} /2.00)
A 27U
gg 0122 2¢a:9112~usnnr((Kz-U)-(-ove»osonr(oueo(ranaltonzouz<z))--ay)/a.oo)
e ¥
%i 0123 A2C2Z0NE%A?
- 012¢ B2C=Z00NE*RZ
3 0125 622A2C+82C
& 0126 612=61/62
S 0127 621=62/61
% 0128 TAHAZDTANH (A2€D2)
% 0129 T2=DTAN (B2#D2)
& 0130 THZRETAHA® (ONE+T2942) /7 (ONE* TAHA®R 20T 2002)
3 0131 TH2I=T20 (ONE=TAHA®#2) / (ONE+ TAHAD®24T2063)
% 0132 TH2RC=ZONE*TH2R
% 0133 TH2IC=ZOONE#TH2T
- 0134 TH2=TH2RC+THRIC
g' 013% IR1=(TWORTHL¢GRL#TH2OTHI*®24G1 20TH2) / {ZONE+ (G21+612) *THI®THD
¥ 2TH1w®2)
G 0136 231R=SILLY (1)
: 0137 ZBIT3SILLY(2)
0138 TANCAL=ZB1QeWL )/ (P11%(2,00%D]1D2))
0139 ERROR=DSORT ( (TANCAL=TANM) €€2,7R]| [#e2)
0340 IF (ERRORLLFLEROLN) GO TO 402
0141 TAN2BTOLD
0142 ERROR=EROLN
0443 STEP (K) =SOLD
0144 T0O0 CONTINUE .
0145 IF(ERRORWLELL «N=B) GO TO 5O -

0146 00 CONTINUE

0147 450 WRITE(6,103) TENP(I) sTANYI TAN24K2+2081R4Z811 4 TANCAL +ERROR v&
0148 10 CONTINUE

0149 60 Y0 77
0150 8% CALL EXIT
0951 END
Print-Out of the Progrem
AS-3DX 176-17
VAVBLEYGTH MEAS. TENP, DG, C K1 TANY DELWL
6+9316 3B.00 J.823  9.20C018 0.0200
01 02 DIA {21
11722 1,905C  2.5600  2,e400
TENP TANN TAN2 K2 2 31
25,0¢ 0.0016236 0+ C040740 2.8639 0.0111582
812 TANCHL EaROR X

0.0000006 0.0016236 0.5834790-06 11

b




iST AVAILABLE COPY
[Fead ! 233 [
a. 14 }.\ ;. &)
Program 4. Calculation of Dielectric Properties of Sample in Asymmetric
Three-Layer Coaxial Cavity
0001 INTEGER®4 T4JsKoNoMyKOUNTsCOUNT
0002 REAL®B FS14FS24FSIFELGFE29FEsNSIQE1CoWLOsDAIDBISIGRIALWBL4TANL
201 ¢MV D1 9D29D3sDYK24KP2L s TAN2sONE s TWUSPI14P112421 9 THRBGsWLD A
ITHITeRZy TANCALyTANMo T o TAMA THIR o THI 1 9A29B2, TH2R ¢ THZI ¢ TI9 THIR,
4THIIZBIRZBLIERROR»SOLUEROLDsK20LOsWESTOLDsT29SILLY (2) 4DBB4 DAY
2STEP(14)/71,0=141eD=2134D0"3014D0e3¢340°%9100=693eD0=541e0=5¢3.0=6,
3!.0-6;3.0-70l.D-?.3.D-8.l.D"6/oF(2)/1-00"1.00/;EXPX0EXPE
0003 COMPLEX®16 ZONE+ZOONE ¢ TWIC ¢21R4Z1T+Z1C3THRB4LCyTHITCoZSCrIR]
2A1CHBICIGL s THIRCYTHIICTH1 0A2C+B2C+GE9G1 225219 THERCo THRIC, THZ,
ITHIRCHTHIIC THI» THRB3, THIB2+285
0004 EQUIVALEMCE (SILLY(1)42R])
0605 DIMENSION FEL(10)+FE2(Y0) oFS1(19)oFSE{10)+D2(10)4TH(LO0)
2DATE(39) oM(10),0Q(10)
0006 NAMELIST/CONST/DAsDBSIGRIEXP] ¢EXPE/ZIN/FSLoFS2eFEYosFE24DQe THyMN
0007 200 FORMAT (1X439A2)
0008 201 FORMAT(/1w0+20X93942/)
0G09 10) FORMAT(/1HN¢2Xs1SHFREQ, EMPTY MHZ412X¢19MFREQ., SAMPLE=IN MMZ,10X.
2SHDQ=CM, 4 X« 1 SHSAMPLE THICK CMy2Xs14MNU, HALF WAVES)
CC1C 102 FORMAT(IH oF12,641XeF12.692X4F12e601XsF12e601X0F1245¢2Xs
2F12:.5¢12X412)
0011 106 FORMAT(/1HN 41X THQ=EMPTY+5Xe ] JHQ=THEUoWALL ¢ 3Xo 1 IHO=WITH SAMPLE + IXs
29HDIE=CONST 4 IX4 12HL 0SS TANGENT)
0012 105 FORMAT(IH +F10,0+4XeF10,095KsF10.402R0F10¢544XeF12,8)
0013 106 FORMAT(1HC,1X427HEND LOSS MULTIPLYINS FACTORs1 X,
21BHBALL LOSS EXPONENTo1Xel7HEND LOSS LXPONENT)
GOty 107 FORMAT(IH AXsFl2.6¢BXeF1ce6eBXsF12,0)
G015 108 FORMAT(1HO.6Xe6HTANCAL +8XsSHTANM 48Xy JOHCAVITY LENGTH=CMs10X,
28MEND LOSS)
0016 109 FORMAT (1M 2XoF12.R42XaFlCeB0oaXoF12,5BXIIR(IEL2.6eDXWEL2,601M))
0017 112 FORMAT{1MO 6N sGHTANM 11X o OHTANZ ¢ TX ¢ QAUIE=COWST o 8X s 6HT 4REAL 48X
2THZ=TMAG e s 11 X9 GHTAN]L 06X ¢« SHERROR 10X ¢ iHX)
0018 113 FORMATIIN (PXoF12,Re2XeF12e802KeF10,5¢9K0E124692%4E12,602%0F12.85
22X1E12.602%012)
0019 77 READ(S.200,END=RB) DATE
0020 WRITE (64801} DATE
60t READ (S5 IN)
0022 READ (S,CONRT)
0023 WRITE (4.101)
0024 G0 20 I=~len
0025 D1t s2,5400D0 (1)
Q26 0282456000V H (]}
0027 URITE (64102) FELII) oFF201) oFSLITIWFSELTY 01 (1) oDt
0028 20 CONYINUE
€029 JONE®(],0040.D0)
0030 ZOOKE={040041.00)
0031 PI1e3,1615026516D0
6632 P1l2®6.283185307200
EK ONEw] 00
0024 TH0s2,00
035 YUOCu20NESTHO
0036 DAARDA®2.5400
0037 —~-0B8B=DA*2,5.00
038 Cn2:99792656204
039 00 10 felay
0080 p292.56000YH ()
00 FEs(FELIT)eFE2LT) ) 27N
¢0u FSEIFSItIeFS211))/THO
Qg QESFEZ(FEVL(D)=-FE2(IN)
oous GSsFS/UIFSLITI=-FSP LN
G0as £193.470=TeDSARTIFE/STOR! * I TW0/0A4+ THL/088) 0L GG (ORB/00A)
0046 YL OuC/FE
Q0u?Y BInP11200S0RT (1.0005400) FwL0
a0aa TANL®TROYAY OB /7 (Qlee2.p]982)
049 B1:B1%0SARTY L LOREUSTRY LONE s VAN ®#2}) /TgO)
13




S EST AVAILADLE COPY

0050 TAN1=TWO®A1*Bl/(Blee2-a]19%2}

0051 Q1=0NE/TAN1

0052 MV=M(T)

0053 OT=My#PI1/R1

0054 03=DT-D} (1)~D2

0055 K2uG,0=~1*C&M (]} * (ONE/FS«ONE/FE) /7D2+0NE

0056 K221=DT# (ONE/QS-ONE/QE) / (TWOeD2)

0057 TAN2sK221/K2

0058 WRITE(6,100)

0059 WRITE(64105) QE+Q1,QSeK20TAN2

0060 Z1a(ONE/PIT12)*NSART(2.N=-9*P112/(1.0005628,856185D=14)})®
20L0G(DBB/DAA)

0061 ZIRaZONE® (71*DSIN((PIT=-TAN]) /THO)Y)

0062 21 1=2200NE® (Z1®*NSIN(TAN]1/ZTWO))

0063 21CnZlRe211

0064 THRBG4= (ONE/Z1) ®OSART (P11£°%2eFE/ (5,80825IG6GR))

0065 THRB4C=ZONF *THREG

0066 TH1T=DTARM (A1 ®DT)

0067 RZ2(PI11DT/(MLG®QE) = (THL TeTHRBA) /7 (ONE*THI YO THARBS) § /THEAG

0068 WOITE(S8.106)

0069 WRITE(64107) RZEXPLIEXPE

0070 IFIRZ,67,100,00) GO T 77
0071 THITCeZONE®THYT
0072 25C=ZONE® { THRRG®QZ)

0073 281w (THITC+ THRAGC) / (ZONF e THL YCOTHIRRALC) ¢ 25C
0074 201R=SILLY (1)

0075 Z811wSILLY 2}

0076 TANCALsZ8IReyLA/Z (P]I1®NT)

Q077 YANM=ONE /QF

G078 dRITE(6s10m)

0079 WRITE(&e109) TANCAL «YANMOT 4 25C

0080 WLRC/FS

0061 TANMEONE/QS

0082 THRBGs YHRROGS (FS/FE) S9EXPE

0081 THRAGC=20NE* THIBG

%11 295« 20NE® { THRBG*R D)

006%S AlSAL®(FS/FE}OeEXNP)

0086 Bl=P12*DSORT (1.0005600) #WL

€087 TAN]sYWO®A)®R) /7 (Glee2a3) *22)

0088 81=81203GRT {{ONE«DSQRY (ONE«TaNI ©92) } 7 THO!}
0069 Y1=0TAN(BL®D) (3 Y)

8090 AlCeIONE®A)

0091 81Ce2Q0ONE®R)

6092 GleAlLenIC

0093 TAHAWDTANK (AL®DL (D)) ‘

009 THIRSTANA® (ONE«T1002) 7 (ONEsTaARA®PRZOT|%8)
009% THLIATISCIONE-TANA®®2) 7{ONE* TaARAROZRT 902}
€096 THIRCaZONE®THIR

0097 TH1{CeZ0ONESTH]L

0098 THInTHIRCeTHILC

0099 A2WP]I200GART (K2® (wONFeDSURT (ONE s TANZ®#Q) ) /TR0 AWy
0100 BRI J2C0G0RT (N0 (eONEQSURT (ONE o TAN2®92) } /THOY AL
0101 AZCwIDNE®A?

0102 820« 200NE#R2

0103 G2madlendC

0108 612e63/62 "
0105 a2is62/¢1 £y
0106 TAHASOTRANM (A2902) s
Q107 12uDTAN (B2902) 3
0108 THEREVAHA® (ORE e T2002) / (INE s TAHASPIOTEIE2) 3
0409 TH2IWT20 IONE=TAHA®2) 7 (ONC * TARASO29TIR O} %
0110  THECwIONEOTUM %
o1 YH2ECwZOONPTY. | ¥
0142 THZuTHZRC « THRTC 3
0143 YIeHTARIBLeO)) ,§

!

;X
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Program 4 (cont.)

01%4 TAHA=DTANH(AL1#D3)
0115 THIR=TAHA® (ONE+T3%®2) 7/ (ONE+TAMA®®20T J%92)
0116 THIISTI® (ONE-TANA®®2) / (ONE+TANAR#20T3I%e2)
0117 TH3RC=ZONE#THIR
0118 TH3IC=ZOONE®TH31
0119 THI=2TH3RCeTHIIC
0120 THRE3I=G21® (TH3+THRR4LC) / (ZUNE« THI#THR34(C)
e YHRBZ=G) 2 (TH2+ THRBJ3} / (7UNE+ TH2# THRB3)
0122 Z1R=ZONE*® (7]1%DSIN((P1Y-TANL) /Tw0) )
123 Z11=200NE#® (Z1*DSIN(TAN]/TWO))
0124 Z1C=Z1ReZ1]
0125 2812485+ (TH1+THRB2) / (7ONE*TH] *THRA2)
0126 ZBIR=SILLY (1)
0127 281I=SILLY (2)
01z8 TANCAL=ZB1o*wL/ (P[1*DT)
0129 ERROR=DSURT ((TANCAL=-TANM) ##2428] [##2)
.013¢0 COUNT=Y
0131 %40 COUNT=zCOUNTel
€132 [FICOUNT.GTL.3) G TO 450
01323 DO 400 Kk=1.10
013¢ SOLN=SIEP ()
0135 DN 600 Js14?
0136 420 WE=ONEeSTEOD (K)af (J)
0137 KOUNT =0
G438 %01 KOUNT=KOUNT+]
0139 IFIKOUNT.6T,90) GO TO &S0
0140 TFIKOUNT e 6T, 10, ANDLSTEP () oLE.1+0=3) GO TO 4))
0141 G0 YO u2%
0142 411 STEP(K)=5TEP(K)*10,D0
0103 GO TO @20
Otuy 25 EROLO=zERxQOR
c1s K20LOsKp
6146 KeaK2e gt
0147 A2=P11200SNRT(KZ® (~ONE+OYURT (ONETAN2®®2) } 7TWO) /v,
04u8 Q2=PI1200SORT (K2* {+ONF+DSORT (ONESTANS®#2) ) F/TWO) ZWL
0449 A2CaIONF*A?
¢1s¢0 82C=Z00NE @2
0151 G2mA2C+A2C
0152 612=01s6¢
0153 Gel=uasnl
154 TAHASTANMLAZ®N?)
015% Y2eDTAN (BPe02)
0156 THPRZTAMAS (ONFaT2863) /7 (ONE s TAHARRDOT 2042,
0157 TH2T2T20 LONF~TAHA®SZ) 7 (ONL s TANAVSROT20@2)
0153 THAPRC=Z0ONE 0o THPE
9159 THPICe2NUNFeTHP ]
{160 TH2aTheulstuele
0161 THRH =621 (TR THRBAC) 7 {LUNE » THI?THREGC)
0162 THREERG ] 2® (THZ e THRAD) /7 {2UNE e THP O THRB S)
0163 281225 I THLeTRREZ) / L 20NE* TH] S THRB2)
164 2ALRRSILLY (})
0155 9L EXSILLY (2)
0166 TARCAL3ZHLQewL /(PL12DT)
0167 ERROR=DSURY ((VANCAL-TANKI ®92+2p] [092)
o 0168 IF(EARORLELEROLD) GO YO %0) :
. 0169 ERROR2EROLD :
o5 0170 K2wRA0LO !
. : 0171 STEPIR eSOLD ’
E: 0172 600 CONTINUE
§ 011) B0 V00 yw).2
> 0170 421 WEwONESSTEDIK: 3F () i
% 0178 KOUNTv) R
$ 0176 602 NOUNTRKQUNT e}
2 ¢ 1FIKOURTGF,90) GO YO a%l
3 0v78 IFIKGUNT «GTo 10 ANDSTFR{C) oLEL14D~I) 0D TO 432
gy
Ly~
¥ 15

,(




Program 4 (cont.) - L ! @% r (:@P ,
; BEST AV, LABLE
0179 G0 70 «28 | R AEY

0180 412 STEPIK)=SYFP(K)*10,D0
0181 GO TO 421
0182 428 TOLD=TVANZ
¢183 EROLO=ERROR
0184 TANZETAN2*WE
0185 A2=PII29DSIRT (2% (=ONE+DSQRT (ONE+TANC*#2)) /TWO) /WL
0186 B2=P 1 129DSORT (K2* (+ONE+DSURT (ONE*TANZ®®2) ) /THO) /WL
0187 AZC=20ONE®A?
0188 B2C=2200NE®R?
0189 G2=A2C+B2C
0150 612=61/62
0191 621=262/61
0192 YAHA=DTANH (A2®D2)
0193 T2=DTAN{B22D2)
0194 TH2R=TAHA® (UNE+T2%#2 W/ (ONE2TAHA®®23T2%e2)
0195 TH2I=T24 (ONE~TANA®®2) /(ONE+TARA®®29T20€2)
0196 THZRC=ZONE*TH2R
0197 TH2IC=ZOONF*TH21
0148 TH2eTH2RC*TH2IC
0199 THRRI=G21® (THI+THRRLC) 7 ( ZONE« THI®THRIGC)
0260 THRAZ=G129{ TH2 ¢ THRRI) /1 7UNE : THZ® THRA I}
0201 ZB1=2785¢ (TH]1 ¢ THRB2) / (70NE+TH] #THRR2)
0202 2B1R=SILLY ()}
0203 281 1=SILLY (2)
0204 TANCAL=7B1RewL/ (P1]#0T)
0205 ERRQR=DSQART ( (TANCAL =TANM) #2247 [#n2)
0206 IF{ERRORLLF.EROLN} GO TO 402
0207 TANZ=TOLD
0208 ERROR=EROLN
0209 STEP{K)=SOLD
0210 700 CONYINUE
0211 IF (ERRORWLE,14N=6) GO TO 458
0212 &00 CONYINUF
0213 oS0 TAN2=TANZ-TAN]
0214 WRITE (6,112)
0215 WRITE (6.11)) TANH TAN24K2v231R:2811+ TANY+ERRDIR WK
0216 12 CONTINUE
o217 G0 10 17
0218 BA CaLL Eatl
6219 END
Print-Out of the Program
EICHORM X-DPDAO16G, 1508HE,0/9/76 DPDE960, I008HE, 3/ 10/76  $1GRe.)
PREQ. EPHPYS mBZ PREQ. SAHILE~I§ BHE ig-cn
159.907668 159, 795774 152.967100 152.85556% 48,93190
319.670532 319.,87274 304.566003 301.36232% 19, 83280
SANPLE THICK CH %0, HLLP WAVES
3, q0%8¢ 1
G4.720357 2
Q-ERPTY Q-THEQLMALL  Q-WITH SARPLE®  DIE«CONSYT  LOSS TANGERT
1420.6072 52,5788 137C.97%9 2. 20989 0, 00018000
18D LOSY AULTIPLEING PACTOR WALL LO9S RERONRZNT EBD LOSS EXFONEEY
6.39509% 0. 500800 0, 50804090
TANCAL TAAN CAVIZY LELGYTH-CR 5¢D 105S
0.00069998 0.0006%998 93, 74672 {0.6699L835-0) 0.0
131 TAN2 DIE-CCNST 2, REAL 3-XNAG,
0,0807290 Y ¥, 00002453 3.25698 0.80687¥I0w02  «. 809185004
b 41 3) RRANR [ 3
0.0003280% I, 68918%0-05 &
16
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Program 5. Attenuation and Insertion Loss and Phase Shift in Multilayer
Radome for Perpendicular Incidence

0001 INTEGER®G T4Js JJoKeMNoKOUNT oM

0002 REAL#8 ToTAoALPsBEToK24P1IIvONE vl o FAKE(2) yAeB9oCoDyABsAAIRD AR, BR,
2ERROR) +WE s ROLD+EROGLD ¢ AOLOs TAAs TABeDENABCoABDsK1 o TAN<COMaSOLD s
TSTEP(22171,5D0=211420724140=247,0-3+5:0=352.0~391eD*345,02602 D=k
81.0=445,0-592,0~5014054¢9e0-692¢D=61100=691,0=To1,0-841.0-9,
P140=109s1eD=1141eD=12/4F(21/],9=1,7¢PeOBIEVR4SILLY (2} eFUN(2),
6RQRR’FRQGRGTHEYA.TGHEAQTGZB.BZ'A“QZEIAN‘VSHR'REFLVKEFF'DAQTANEF'
TERIRSEBILyFBL24 INSLIFUSS(2)

SRR TR R, ) e . o <

s TR B TR P

0003 COMPLEX®16 2ZONE +»Z00NE o ALPCoBETC1GAMMAIK]ICoXK2CsKC97092+ THRRIRB,
. 2THs 2B+ SHORR +SHGR T 1SHGR ¢y SHGT s EoEVoYBy ZETASEB] +EB ¢ SHGC » SHGRC
000% DIMENSION DATE(19) +ALP (10) 9BET (10) +GAMMALLI0) 0Z (10 sP(11)eNBS(10)
2AR{10)+BR(10)WRBI10) s THII0) vE(11) 4ZB(L1) oK1 (10) o TANE2O T (10),
ISHGRC (10} ySHGC(10)4E8¢11)
ne0S EQUIVALENCE (FAKE (1) 4 THRB) o (STLLY 11D «EV) o (FUN{L} o¥8B) o {FUSS(1) 4EB])
0006 NAMELIST/IN/X1«TANyToNeWL/OUT/GAMMA+Z928/70UT1/A+B,ERRORL s C

23/0UT3/CeD/OUT2/RE s THe 7RV SHGRR « SHGRT # SHGR s SHGI 9 A+ B+ E o THRB, THE TR,
JERROR] ¢£81 +EH s SHGC e SHARC

0007 202 FORMAT (JHO423XeIHLAYER NOusOXo2HK1 16X 9 OHTAN DELTA LX<
212HTHICKNESS o CMe 22X+ 20HACCUMALATIVE LOSSeDB42X s JINLAYER LOSS+0B,
32X+ 16HPHASE SHIFTDEG,)

0008 300 FORMAT(2BXeT242XeF9, 5¢2X0F 11,7 ¢2XKeFB8e@sl10XoF11e708XsF11e749XcFR.D)

G009 302 FORMAT(ZSX.11HINPUT VAWR=s1X4FQ, 044X+ 2OMREFLECTION LOSSe NBE,IXy
2F8.5)

0010 303 :onu?r(esx.xengrr5c11ve 2o lXoF9,643Ke21HEFFECTIVE TAN DELTA =,
21F10. T

0011 201 FORMAY (1H0,20K+10A4)

0012 200 FORMAT(1X,19A4)

0013 30S FORMAT(1X+19HINSERTION LJSSs DB=Fils7}

0016  TT READ(5,200.END=BB) DATE

0015 WRITE (6.201) DATYE

0016 READ (54 [N)

0ct1? PI1e), 141592853600

00148 Pl1296.28318%307200

0019 PIT3=Pl 17w

0020 ONE=1.D0

€021 ZONE® (1,0040.00)

0022 JO00ONE=(C.D04].00)

0023 20377.0070NE

0024 00 10 JxleN

0029 TARDSORT (ONE+TAN(J) 9e2)

Q028 ALP I =PI IIR0SQRTIKL () 05,010 (Ta=ONE) I OT{ )
0027 HET{J) AP [I0SORT (K] (JY 95D ®{TAGNE} )BT ()
0928 ALPCuZONE®ALP ()

0029 BETCYIOONE*BET ()

ng 30 GAMHA {J) AL PCeRETC

ooNn K2eK1 () $TANLY)

0032 K2CeZ0OKEeK2

0013 KI1C=K]{ J)e7oNE

0034 KCRR 1 Cex el

0035 201 w20,CDSQRT (KC)

Q036 10 CONTINUE

0037 SusMs0,00

0038 EL1)yeZ0NE

0039 PiY1YeONE/3IT7.00 o,
doud FLTREN Y 4] e

004 Y 28(1) 20 1, V{{“L i
00%2 THRBRZO/Z{}) ) ¥ 1 .
[t R] WRITE (6.202)

0044 00 13 Jel,yn

0oes CsFARE (]}

008é DefFaxE {2}

0ge? R20GCRT (Co02eDew)

0046 IF(Q (GYs ONE) GO TO M)

17




Program 5 (cont.)

cou9 FR=2.D0%R/ (ONE+R®22;
0050 GR22.,N0*R/ (ONE-Row))
0051 THETA=DATAN(D/C)
0052 TGH2A=FR*DCOS (THETA) { B
0053 T62B=GR*DSIN(THETA) -%l Aw%l% &ﬁ‘ﬁl[ r D
0054 GG TO 34 1¥ i IR VIV
0055 33 RR=ONE/R
0056 FR=2.D0*RR/ (ONE+RR2#2)
0057 GR==2,D0*RR/ (ONE~RR##2)
0058 THETA=DATAN(D/C)
0059 TGHZ2A=FR*DCOS (THETA)
0060 TG2B=GReDSIN{THRETA)
0061 Jo B2=DATAN(TG2B)
0062 IF(R .GT+s ONE) B2=PII+R2
0063 8=0TAN(0.5D0#82)
0064 AAA=0,2500#DLOG{ (ONE+TGHEA) / (ONE=TGHRCA) )
0065 A=zDTANH (AAA)
N066 SO0 AR=ONEe (Aen)ssp
0067 ARC= (A® (ONE+B®=2) /)B=C) #%2
0668 ARD= (B2 (ONF-A®#2) /pB=D) @ ®2
0069 ERROR1=DSQRT (ABC+ABD)
0079 DO 400 K=}.22
no71 SOLD=STEP (X)
0072 00 600 JJdz=1.2
0073 %20 WESONESTEPR (K) #F (JJ)
0074 KOUNT =0
0075 401 KOUNT=KOUNT»1
007¢ %25 80L0=8
) 0077 EROLO=ERKROR}
! 0078 BEB*WE
0079 AB2ONE ¢ (AR 0w
0080 ABCe(A® (ONE+Bee2) /AR a0
0081 ABDs (B2 (ONE-A®92) /AB=D)e¥2
0082 ERROR1 =DSQRT (ARC+ABRD}
0083 IF(ERROR] LLELEROLD) GO YI &0)
0004 8=80LD
0085 ERRORISEROLD
0086 STEP (K)=50L0
o0g? 600 CONTINUE
0009 00 T80 JJm)e2
0089 421 WERONESTED(K) oF (JJ)
0090 KOUNTeQ
€091 407 KOUNTcHKOUNTe)
0092 428 AQLD®A
0093 ERQLDO=TRROR)
oo AmAoyE
0095 A8wQNE « (AOR) w8
0096 ARCmiA® (ONEeGeR2) /aR-C) 0%
£097 ABD= (3O {ONE-A®*2) /aB~D}0%2
Q09A ERRNR =NSOOT {ARC«ABD!}
099 IF(ERRORLLELEROLDY GO TO «02
0100 A2ACLD
0101 ERROR) «EROLD
0102 STYER K ) =SOLD
0103 TR0 CONYTINUE
0106 TP LERROAL 4LEW1.D=12) GO 10O @50

0105 400 CONTINUF
0106 50 AR{Y)I=0,500%0LOGII1eA) 2 (2"A))

0187 B8R () eDATAN (D)
6100 R ( J) s JONE®AR () « 200NF ¢8R (J)
0109 AAEALP L) 4R Y) .8
6110 RESRET (J) oRR{J) o
. e TaheDYANH{AA) . ¥ 3
e
Ag\:ﬂ "‘t -%




Program 5 (cont.)

0112
0113
0t1u
0115
0116
0117
0118
011
0120
0121
0122
0123
0124
0125
0126
0127
0128
0129
0130
0131
0132
0133
0134
0135
6136
0137
¢138
0139
0140
0141
01482
01ul
0144
Q145
0146
0147
0168
0149
150
0151
c1%2
0153
0154
0155
0156
0187
0159
0159
¢160
016
Q162
0163
01648
0165
Q18¢
0167
0168

12

14

13

IS

68

“’ma—

TAB=OTAN(BR) BLST IA ﬁi ‘ é‘]; C@DY

DEN=ONE + {TAA*TAB) #@2

TH{J) =ZONE® (TAA® (ONE*TAR®*®2) /DEN; ¢ ZOONE® (TAR® (ONE=TAA®®2) /DEN!}
28U+ =2 () *TH{Y)

THRB=ZB (J21)/Z(J*]))

SHGRR=ZONE® (DSINH{AA) #*DCOS(8B))

SHGRI=ZOONE*® (DCOSH(AA) #*DSIN(BR)?
SHGR=ZONE® (DSINH (AR (J) 1 #JC0S(BR(J)})

SHGI=ZOONE® (DCOSH(AR(J) ) *OSIN(BR (N )}

SHGC (J) =SHGR*SHGI

SHGRC {J) 2SHGRR « SHGR!

E(Jel)=E(J)*{SHORR+SHGR]I !}/ (SHGR*SHGI)

YB=ZONE/ZB{J*1)

Ev=E(Je 1)

EV2sSILLY (1) *®2+SILLY (2)**2

P(Jel)=EV2eFUN(])

THETR=DATAN(SILLY(2)/SILLY (i}

IFISILLY(2) JLTe 0,00 ANU. SILLY(1) «GTe 0,00) THETRaTHETR4PIIZ
IF(SILLY{(2) «LTe 0,D0 AND. SILLY(]1) «LTs 0,D0) THETR=THETRePIL

IF(SILLY(2) +GT, 0.00 +ANDs SILLY(1) «LT. 0,00) THETRaTHEYRePI]
SUM=T (J) +SUM

X=2,00°SUM WL

020-00

IF(X <GYs Qi GO TO 12 .
GO 10 la

QzQe«ONE

IF(X 6Te Q) GO YO 12

0=Q-~0NE
THETD=5T7.2057TTVSD0* THETR*02 130 ,00~360+D0*SUM/WL
IF(THETD .GT, 180.00) THETDRYHETD=180.00
DRSS =10.,00eDLOGIOIP LI I/P L)
DBe10,00*DLOGLOIP (J4el) /P (L))

WRITE (53001 JoKi (Il o TANTI) o T(J)208+068S(J) 4 THETD
CONT INUE

EAINSII2ZB{Ns1)1/712002R(N*]))

D0 15 Jal.N

HaNs =)

ERIHIcER (Me]) @SAGT (M) ZSHIRC {KH)

CONTY INUF

£01=€ac)}

EBIR=FYUSS ()

ol terussS 2y

FR)12=EB1HeeZe(Al v

NSt 210 . DOoeLOBINL 2500788 8)

WwRITE (6430S5) INSL
ZETAR(ZE (N L) 200 2(28¢Ne L)« 20}
JETAMeCDABS (ZETAY

VEMRE (ONE» 7ETAN) Z{ONE« 2 TAR)
GEFL*10,006DLOGI0(ONREZ (ONE~2ETANSe2) )
WRITE (6302) VSHIIREFL

KEFFE (WLSTRETOZ(360,DN0SIHE «ORE ) 0?2
DA=38,.S9035C00#SUNRDSORTIKEFF) 2 {DReWL)
TAREFaOSORTI2.00/08003:0W /0av%04)

URITE (64303 KEFF o TANFF

60 YO 77

CALL EXTT

END

19



Program 5 (cont.)

B3] AVAILADIE COPY

Print=0ut of the Program

QOCKWELL 9-LAYER RADOME 3 GHZ T4 DEG.P.

LAYER NO. K1 TAN DFLIA THICKNKESS,CH ACCHUHALATIVF LOSS,DB

1 2.400100 0.2068600 0.0530 0.,0009846
2 1. 11593 0.70CC300 5.0800 %.0023020
3 3.5%000 0.0125000 ¢.0500 0.00402788
4 1.21500 5.0031909 0.26uC 3.0367270
s 3.59G0% 0.0125000 ¢.9500 1.90864K09
6 4. 10060 0.21€30090 €.0660 2.0108274
7 1.12500 n,002750¢ 1.2280 0.0236838
8 4,1900 ©.0109000 0.0660 0.0262639
3 1.30400C n.J3045300 0,32900 0.0317474

LAYBE LOSS,DB PHASE SHIPT,DEG.

0.30798846 0.001
0.00%3174 9.743
C.0017768 9.800
G.00260AR2 10. 282
0.0C19339 10.558
0.0021605 10.840
0.€128623 27.576
0.09258¢C1 28,559
G.aC54823 32.7¢%6

INSPRTICN LOSS. Th= 0. 1499004

REFLECTION LOSS, DB=  0.11315

INPUT VSMRe  1.391407
EEPFCTIVE TAY DELTA = 0.0018347

EPPRICTIVE K= 1,.267630

rstm—s s

20
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DATA INDEX

Page
i I. Inorganic compounds 24
; Aluminum oxides 24
? Single crystal sapphire, Union Carbide 24
% Ceramic, AlSiMag 772, American Lava 24
g Ceramic, high alumina, A.C. Spark Plug 24
é Aluminum oxide mixtures 24
% With boron nitride, Ceradyne 24
g With silicate fibers, McDonnell Douglas 25
% Ammonia, solid, liquid, Matheson 25
f garyllium oxide + silicon nitride ceramic 25
! Niberlox, National Beryilia 26
f Boron nitride, hot-pressed, grade HBC, Union Carbide 26,27
i Potassium bromide, hot~pressed, Union Carbide 27
silica 28
; Dynasil 4000, Dynasil 28
§ Silica, hot-pressed, McDonnell Douglas 28
§ Silica fiber AS~3DX 176-17, Philco~Ford 29
% Silicate Glasses 29
g Corning Glessas 7052 and 7056 29
% Silicon nitride compounds 30
' GE 128-2 and GE 129-1, General Electric 30
II. Miscellaneous Inorganics 30
Hercynite (FeA1204) in air, MIT Materials Science Dept. 30
Sand, MIT, Research Lab. for Electvonics 30
Uranium oxide (003) powder, General Electric 31
Chalcopyrite (CuFeSz) powders, Kenuecott Copper . 31
Supramica 1100, Mycalex 3l
III, Organics 32
Epoxy compound, Allied Resin 32
Black FM Film, American Cyanamid 2
"Teflon"-coated membrane, American Durafilm 32
"{orlor' 2000, 4amoco 32
“"Torlon" 4000, Amcco 32
"Tovlen" 4000/Astvoquartz, Amoco (Whittaker) 32
"Torlon" 4103, Amoco 13

ER
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o DATA INDEX (Continued)

Page

II1I. Organics (cont.) 33

"Torlon" 64203 33

Fluorglass laminate, stlantic Laminates i3

Absorber, AVCO 33

_ viayl £ilm 133-24413-L, Borden 33

’ Adhesive, HA6164 XL5-101, Borden 33

"Astral” 360 polyaryl, Carborundum 34

"Ekkcel" T 200 copclymer, Carborundum 34

Polyimide film, Carborundum 34

Epoxy/Glass laminate Fortin '"No Flow," Collins Radio 35

Evoxy/Glass laminate Mica '"No Flow" 102-68, Collins Radio 35

27 Custom Poly~"Teflon" fiberglas Custom Materials 36

Thywol, solid, liquid, Eastman Kodak 37

Silicone rubber absorbexrs, Emerson & Cuming 37

Carbon foam absorber, Emersos & Cuming 38

Laminates, Glastic Corp. 38

Molded polyvinyl chloride, Grace 252 and EM 134 38

Dioctalphalate, Hatcol 101, Hatco 38

Niax pelyol, 10 ving L30, liquid, MIT, Mech. Eng. Dept. 39

Niax polyol W137D408, liquid, clear, MIT, Mech. Eng. Lept. 39

Igoe renate, SF-52, liquid, MIT, Mech. Eng. Dept. 39

Chlorinated polypropylenme, MIT, Mach, Eng. Dept. 40

5 "Teflon"-fused quartz laminate, Philco-Ford (Lincoln Lab.) 40

? “"Rytron" R4, polyphenyl aulfide, Phillips Petroleunm 50

; "Tefzel," 20% glase reinforced, RCA 40

; 15% TFE, RCA 40

i 15% TBE, polyaulfone, RCA 40

- ' Solf{thane No. 1, Thiokol 40

Compoeition B, U.S. Aramy 41

. Minol &, U.S. Army 41

i ";;‘: *Teitonal," U.S. Army 81
) gx TNT, Trinitrotoulene, U.5. Aray 42 -
, §§ 1.8, 8950=24-3, Union Carbide (Whittakex) 42 X
~*§ . Ferro/Kevimid 581 Astroquavts, Whitteker 42 ;;
) A Ferro/kerinid E glass, Whitteksy 43 :
Hexcel F~176/E glass, Whittaker 43 ;
§



DATA INDEX (Continued)
é- Page
% III. Organics (cont.) 43
% Hexcel F178/Astroquartz 581, Whittaker 43
§ Experimental Pl/Quartz, Whittaker 43
: PD 753/Astroquartz Al72, Whittaker 43
& Skybond 710/Astroquartz 581, Whittaker 44
) DISLECTRIC PARAMETERS
g Dielectric parameters in the present report have the following
é notation:
3
% k', €'/e_, dielectric constant relative to vacuum
%. K", e"/so, dielectric loss factor relative to vacuum
% tan 6§, or tan 6d’ dielectric loss tangent (dissipation factor)
E
% Ké, u'/uo, magnetic permeability relative to vacuum
§ Koo u"/u , wagnetic loss factor
; tan Gm' magnetic loss tangent
¢, a.¢. volume conductivity in who-cm
P, 8.¢. volume resigtivity in ohm-cm
5
i
[P
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43
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MATERIALS INDEX

I. INORGANIC COMPOUNDS

Aluminum oxides
Single crystal, sapphire o Union Carbide
Sample Code M7-2054~7, 8.515 GHz, 25°C

Field direction relative

1
to optic axis ¥ tan §
i 11.60 + .03 00005 + .00003
L 9.40 + .02 .00007 + .00005
Ceramic, AlSiMag 772 American Lava
8.51. GHz, 259C 15

D-c volume resistivity at 25°C > 2x10"° ohm-cm

k = 9.295 + .03, tan & = ,000073 + ,000015

Ceramic, high alumina A.C. Spark Plug
1% 0 1°C D
(ohn-cm) (chm=-cm)
25 >1.E17 500 2.25E8
60 1.E16 600 6.3E7
100 2.E15 700 1.53E7
200 J..9E12 800 3.22E6
300 4,0E10 900 6.1E5
400 2.32E9
Breakdown voltage 60 He vrma, .007¢ thieck-
ness, 1/8" diam. alect., shorg~-time tast
1% XV |
23 8.0 E
137 7.0
PXY 6.0
Aluninun oxide wixtures
With boros aitride Cevadyne :
% Comp. w/o Coradyne Densicy 25% 8.5 GHz : ;
Al,04 B Yo, (g/cnd) K ten & 3
60 40 1603 2.87 6.61 0004 e
70 30 1605 2,98 6,92 . 00036 % .
50 50 1597 2,603 6,01 .0026 53
50 50 1598 2.832 6.52 + 00345 ;
24 ‘ g S
i




o
=,

=

Bt o
RS e R

s j"g‘; s

>

b T

.
N
!

AR

o e e b T s A R

. e M e S
Pt/ e IS LA

kR

AR

IR SRR A

v
3
.
¥
3
¢
i
&
g
i
B
4
]
3]

Aluminum oxide mixtures (cont.)
With silicate fibers

After drying for 48 hrs at 150°C
Density 1,65 g/cm3

Ammonia

1°c
~76.2
2.6
1.7
67.0
64,5
62.0
57.7
51.2
Q7.7
42,0
40.3
38.3
3.5
33. 9

8.5 GHz, 25°C

K = 2,88
Solid
8.5 GHz

¢ K' tan &

-195 2.96 . 00034

~160 2,96 .00035

-140 2.97 .00036

~130 2,98 . 00037

-120 3.00 . 00039

-120 3.02 00044

-105 3.03 . 00050

~100 3,04 .0020

‘95 3.0& 00055

~90 3.05 L0049

-85 3.07 0046

-80 3.14 L0047

Liguid
8.515 Ghz
k' K" ™°c

26-52 6.85 -7605
24,44 6,81 75,
24,38 6,44 72.4
26.14 6.08 68
24.00 S.h5 fl.7
23.87 5.30 59.5
23.58 4.91 58,3
23,08 4,28 52.4
22,17 4,01 48,7
22,23 3.6 46,2
22,04 3.5 41.5
21.82 3.40 38,7
21.4% 3.2) 36.3
21.35 3.19 3.6

Baryllium oxide + sildicon nitride cevamic

"yibatlox’'

k' e

8.5 Gz,

7. 242

25%

tap 6 o

tan 6 = ,00235

McDonnell Douglas

Matheson
14 GHz
k! tan §
2.96 .00032
2,96 .00034
2.97 ,00035
2,98 .00037
3.00 .00038
3,02 .0005
3.03 .0007
3.03 .00132
3.04 .0026
3.04 .0053
3,06 .0035
3.12 . 0025
14,0 GHz
K' K"
19.24 9.57
19.33 9.48
19,50 9.37
19.69 8,72
10,99 7.60
20,14 7.54
20.5 7.12
20,76 6.65
20.8% 6,24
21.42 5.78
21,07 5.56
21.08 5.33
21.08 5.07
21.07 1]
National Beryllia
.00235




Beryllium oxide + silicoun nitride ceramic (cont.)
"Niberlox" National Beryllia
313 to 2.9 GHz T 7 - 5,1 to 4.89 CHz
1°C k' tan & °C K tan §
25 7,245 .00117 25 7.21 .001
98 7.304 .00118 500 7.73 .0015
191 7.396 ,00119 600 7.85 .0022
254 7.458 .00110 700 7.99 .0029
362 7.578 .00113 €00 8.15 .0032
438 7.665 .00124 300 8.30 .0042
471 7,703 .00142 1000 8.47 .0049
515 7.765 .00165 1100 8,65 . 0057
554 7.823 .00200 1200 8.80 .0071
592 7.872 .00245 1220 8.86 .0075
643 7.955 .00301 1250 8.88 . 0083
675 8.002 .00329 1277 3.9 .0092
696 §.033 00344 1305 8.%6 ,0118
735 8.106 .00375 1327 9.01 . 0210
768 8.171 0039 1335 9.02 0035
1343 9.05 .0037
Boron nitride, hot-pressed, grade HBC Union Carbide
Electric field |l preseing direction
1°C  Freg.,Hz 10° 10° 100 100 1w0® 1w 1
23 « 4.63 4,63 4.63 4,63 4,63 4.63 4,63
tan 6 3.6 3.2 2.7 2.5 W79 <.6 <,6
100 «x 4,68 4,65 4,64 4.64 4,64 §.64 -
tan § 12,7 12.9 11,1 a.2 3.7 2. -
200 « 4.70 4,68 4.68 4,67 4,64 4,64
tan § 29.6 25.8 20,17 14.6 6,1 2.
300 «x 4.80 4.81 4,75 4.71 4,71 4,72 -
tan § 136, 108, 86. 25.7 8.7 3.8 -
0k 4.9% 4,088 4.81 470 .74 4,72 -
tan § 163.5 142.5 97. 43.3 13.8 4.3 -
500 « 5.07 5.92 4,85 4.80 4,76  4.74 -
tan § 266, 172, 116. 81.5 48,3 16,5 -
ALl values of tan & are mulciplied by 10°.
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Boron nitride, hot-pressed, grade HB"

o
TC

25
100
200
300
400

500
600
700
800
900
1000
1100
1200
1300
1350
1375
1400
1425
1500

Electric field .l pressing direction

4,08 to 3.99 GHz

!
4,142
4,146
4.154
4,162
4,172

Overnight hot
4,181
4,193
4.205
4,221
4,237
4,254
6,271
4,290
4,308
4,317
8,321
4,326
4,331
4,345

10%xtan §

1.4
1.5
2.5
3.4
3.8

2.7
2.4
2.7
3.2
4,
5.1
6.5

16.2

264,

33.3

38.

42,

48,

68.

Potaseium bromide, hot-pressed
25°¢, 8.515 CHr after 48 hrs. at 150°C

Sample No.

15
16
17
18

¢

25
100
200
300
400
500
600
700
800

8.515 GHz

K
4.142
4.14
4,15
4.16
4.17
4.18
4.19
4.20
4.22

104xtan $
1.5
1.6
1.6
1.7
1.8
1.8
1.8
1.8
2.0

Anisotropy test on rod at 8,515 GHz, 25%

Denaity
{g/cud)

2,10
2.14
2.43
2.48

7

Fleld
diraction

EL
EN

K'

3.593
3,496
4.320
4,118

x! lOAxtan §
4,150 9.4
4,543 5.6

tan §

00006
03013
.00094
.80006

Union Carbide



Silica, Dynasil 4000 Dynasil Corp.

8.5 to 8.6 GHz 37.3 to 35.1 GHz
T°C K' tan § 1°C «! tan 6
25 3.825 .00016 23 3.82+.015 . 00035+, 0001
92 3.830 .00012 195 3.84 .0003
189 4,836 .00010 403 3.86 .0003
272 3.840 .00007 610 3.87 . 0002
337 3,844 . 00006 807 3.89 . 0002
398 3.850 . 00006 1003 3.92 .0003
544 3.864 . 00007 1205 3.95 . 0603
601 3.868 . 00008 1408 4,01 . 0004
700 3.880 . 00012 1495 4,05 0005
833 3.897 .00015 1570 4,08 . 0007
862 3.904 .00016 1650 4,14 . 0010
922 3.914 .00018 1690 4.18 .0018
997 3.925 .00020 1720 4,22 .0025
1064 3.936 00024 1750 4,26+.04 . 0038+, 0004
1099 3.941 .00025 1800 4.41% .010*
1111 3,942 .00025
1181 3.936 -00027 f‘l?:m:t‘apalaced. not measured.
1234 3.966 .00029
1316 3.984 .00031
1364 3,991 .00034
Silica, hot-pressed McDonnell Douglas
8.5 cuz, 25°C
Sample %:?:; § ' tan §
Standayrd Hyperpure sC 195 1,55 2,703 .00033
sC 103 2,07 3.604 . 00004
Aggregate Hyperpure  ASC-71 1.55 2.747 <,00002
ASC-B3 1.96 3,268 .00016
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Silica fiber AS-3DX 176-17 Philco-Ford
i3 8.5 to 8.6 GHz

o)

TC K' tan § TC k' tan &
5 25 2.88 .00178 959  2.94 .0026
é 70 2.88 .00150 1001 2.94 .0030
: 126 2.88 ,00103 1050 2.9 .0034
v 202 2.876  .,00060 1080 2,95 .0038
£ 00  2.88 .00035 1173 2.95 L0047
: 335 2.89  .00035 1223 2.97  .0053
: 488 2,89  .00048 1252 2,97  .0058
£ 609  2.90  .00077 1269 2.98 0068
; 660 2,91 0010 1326 3.02 .0l
g 799 2,93 .00155
§ Silicate Glasses
% Corning Glass 7052 Corning Glass 7056
1 Gz 1 GHz
1% x! tan § 1°¢ K tan &
23 4,97 .0046 23 5.23 .0049
102 5.00 .0053 106 5.26 .0050
198 5,04 ,0068 228 5.20 . 0066
305 5.12 .0106 295 5.31 ,0078
359 5.18 .0150 352 5,34 .0102
393 5.23 .C165 404 5.40  .0123
645  5.31 0174 447 5.43 0156
430  5.35 0254 494 5.49 .0173
511 - .0306 514 - .0360
529 - ,0438 529 - ,0461
340 - .0498 545 - .0538
552 - .0582 562 - .0653
560 - .0657 577 - L0731
573 - .0750 593 - .080%
94 - .0874 612 - .0893
603 - .0930 636 - .102
622 - .0977
632 - .1017
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Silicon nitride compounds General Electric

8.515 GHz 14 GHz 24 GHz
GE 128-2 K 7.72 7.71 7.67
tan & 0022 ,0033 ,0034
o (g/em®)  3.082 3.080 3.079
GE 129-1 7.77 7.73 7.67
tan § .00185 .0026 .0020
o (g/emd)  3.087 3.089 3,080

II. MISCELLANEOUS INORGANICS

Hercynite (FeAlZOQ) in air M.I.T. Materials Science
1°C  Freq., Hz K o 1°C  Freq., Hz o
28 1.E5 13t2 5.8E-8 527 100 1,1E~4
61 7.2E-8 686 100 8,2E-4
101 9.8E-8 686 1,E5 8,28-4
170 2.0E-7 718 1.07E-3
221 4,2E~7 778 2.09E-3
260 8,38-7 829 N 2,96E-3
299 1.7E-6 816 1.Eb 3,79E-3
324 2.98-6 885 8.8E-3
421 2.1E-5 905 1,14E-2
537 W 1, 2E-4 971 hd 1.68E-2
Sand M.1.T., Research Laboratory for Electronics
Freq.,Gie .3 3 3 B.5 14 24
2 R0 €' 2.95 2.93 2,91 2.90
5 . . 2,89 2.86
K" L0196 017 ., 018 . 0091 . 0096 .0158
3% Hy0 x' 3.68 3.58 3.52 .50 3.48 ,
K" «273 122 136 .36 Ny 3:22
52 HO o« 5.07 4.0 3,33 485 4,50 4,2
1 < ., iy ¢ * 22
< (355 L2200 352 .830 .89 e3s
8T B0 k' 657 6,46 6,27 6.06 5.5 . f
* * » LS 5.30
K .493 <309 462 1.18 1.53 3,1 i
112 B0 K' 8.6 8.45 8,24 8.18 7.8 6.99
" -, 785 .53 . 691 1.89 2,42 2.60
20X H,0 Kt 15.2 15,1 14.8 13.8 12.4 11.0
2 K" 1.15 .86 1.5% 3.94 5.90 5.4
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Uranium oxide (UO3) powder General Electric

+915 GHz 2,45 GHz
1°%¢ K' tan & 1% k! tan 6
23 4.27 . 00067 23 4,27 ,00058
93 4,26 . 00092 98 4,27 00115
272 4,26 .00550 264 4,26 .00292
345 4,28 .00783 359 4,27 .0053
482 4,32 .0106 456 4,28 .0071
s17 4.35 .0125 517 4,32 .0101
Chalcopyrite (CuFeSz) powders Kennecott Copper
Sample Freq. 1 GHz 3 GHz 8.5 GHz
% Course ' 10.38 9.07 7.37
: Messina " 2.32 2.09 2.49
£ -16 + 20 tan & .223 .221 .338
£ mesh o 1.298-3 3.48E-3 1.18E-2
¢ a 64 1.88 6.83
: Fine k' 10.07 6.61 5,83
Uuch K" 745 .32 .186
-120 mesh tau § 074 . 0484 L0319
o4 4, 148-4 5,33E~4 8 . 8E~4
a .213 .339 596

The conductivity (o) ia expreseed in veciprocal ohm-cm. The
absorption coefficient (a) is in db/ca.

Supramice 1100 Mycalex
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Epoxy compound

III.

ORGANICS

Allied Resin

1°C  Freq., Hz 10° 10 10* 10° 10°
25 k' 4,12 4,046 4,009 3.933 3.856
tan 6 0177 L0111 .0105 01295 .0152
100 K 4.85 4,518 4,354 4,244 4,125
tan § 0779 . 0448 L0258 .0202 ,0189
Black FM Film American Cyanamid
1°C Freq., GHz 1 3 8.5
25 k' 7.24 6.45 6.06
tan ¢ .202 .155 115
"Taflon''-coated membrane American Durafilm
25°C, 3 GHz
k' e 3,54 tan 6 = 0071
"Torlon" 2000 Amoco
26 GHz, 25°C
X' tan §
40X Rel. hHum. 3,605 L0143
Wat 3.97 L0327
"Torlon' 4000 Amoco
26 GHe, 25°C
Kt tan 8
40% Rel. Hum. 3.524 .014
Wet 3,77 .0282
"torlon™ 4000/Astroquares Amoco (Whittaker)
24 Giz
¢ 3 tan 6 ¢ 3 tan 8
23 3,70 . 0051 220 3.73 L0097
65 3.1 . 0065 269 3 52 L0142
119 3.73 L0072 116 3.47 .3276
317 3.74 L0082




"Torlon" 4103 Amoco
8.5 GHz, 25°C
k' = 3,605 tan § = ,0120

"Torlon" 4203 Amoco

8.5 GHz, 25°C

k' = 3,776 tan § = 0117

Fluorglass laminate Atlantic Laminates

1.3 GHz, 25°%
k' = 2,515 tan & = ,00138

Absorber AVCO
1 GH=
o Attenuation
TC e'/e0 tan éd u'/uo tan Gm (db/em)
-30 6,99 .093 2,38 .949 3,61
=20 7.06 101 2,37 .979 3.75
=10 7.14 L 116 2,36 1.01 3.91
0 7.23 .129 2.36 1.04 4,08
10 7.34 ,144 2,35 1.09 4.31
20 7.46 L160 2,35 1.15 4,58
25 7.33 . 169 2.34 1,165 4,69
30 7.60 YL 2.3 1,184 4,78
40 7.74 .198 2.19 1,22 4,89
50 7.83 217 2.11 1.25 4,99
Vinyl £ilm 133-24413-L Borden
18 MHz
% X' tan & 1% 3 tan §
32.5 2.915 L0496 115.7 4.989 .25
37.5 2.963 .056e3 125 5.364 L3138
46,9 3,064 L0733 129 5,599 ¥
54.9 3.063 . 0968 134,32 5.799 ,228
66.4 3,328 120 160.4 5,046 191
758.7 3,630 ,1%66 152.2 6.317 .148
81.5 3.748 182 156 6.423 133
91.5 3.988 214 159.5 6.697 121
99.3% 4,302 ‘237 163.5 6.546 L1110
108 4,618 . 248
Adhesiva, HAOL64 XL5-101 Borden
100 Mz
¢ v tan §  TF v tan 8
79 2.8} 90195 188 2.69 0866
89 .42 0223 218 Z.80 L0671
113 2,47 037 255 2.88 . 0607
150 2.56 31 275 2.90 0481
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"Astral" 360 polyaryl
8.5 GHz, 25°C

k' = 3,454

"Ekkcel" I 200 copolyester
8.5 GHz, 25°C

Piece 1
Piece 2

Polyimide film

7°C Freq. d.c.
25* i’
tan 9§
L >1.E18
100 'S
tan ¢
o) Qﬁ}ﬁlﬁ
25 '
tan §
p >1,E18
-75  x'
tan 6
p >1.E18
200 k!
tan ¢
o] 4.3E11
23.’;r L 5.E9
257f P S.BE8
260 p 2.2E8
256 g’
tan §
(4]
% '
28% K
tap §
p
300 %!
tan §
0 1.0387

*
As veceived condition; for all other dats

heating to 130°C.

K!
3.158-3
3.268-3

100 Hz

3.50
.00203

2.99
.00220

2,99
.00202
2.98E12

2,98
.00012

2.89
0147
4,21E11

30.15

1.1487

N Bot in thorema: oguilibriuvm,

tan § = ,01215

.183
. 297

1 kHz

3.49
00276

2.99
.00179

2.99
. 00109

2,98
. 00096

2.86
.00729

9.93
15.4
1.1887

34

tan 6

.00358-,00362
.00367-.00289

10 kHz

3.48
.00541

2.98
,00221

2,98
.00125

2.98
+00126

2.84
.00382

100 kHz

3.44
. 00883

2.973
.00190

2.98
. 00144

2.97
.00129

2.82
.00210

2.64
L1431

2.02
GT17

Carborundum

Carborundum

Carborundum

1 MHz

3.27
. 00854

2,93
.0011

2.94
. 00109

2.94
.00203

2.78
.00135

2.56
L0145

2.50
L0925

eaxple was in dry N, after

i
K
3
.
1.
M
i
g.
%
3
\




Epoxy/Glass laminate Fortin "No Flow"

“8" stage pressed into "C" stage Coliins Radio
E L to sheet Ell to sheet
1 MHz 10 MHz 1 GHz 3 GHz
1% K! tan § K' tan § 1% K tan § k' tan §
=55 3.94 L0156 3.73 .0139 -55 3,73 ,0058 3.71 .0105
=40 4,00 .0182 3.76 . 0162 =40 3.74 .0097 3.72 0129
-20 4,11 .0223 3.87 0212 =20 3,75 L0155 3.73 .0156
0 4,23 . 0259 3.97 .0271 e 3277 .02312 3.74 .0206
10 4,30 0267 4,03 L0300 25 3,82 .0295 3.78 .0278
23.8 4,43 . 0280 4,14 .0336 40 3,87 .0346 3.83 .0323
40 4,60 .0258 4,23 .0370 60  3.94 041 3.88 .0390
z 60 4,84 . 0239 4,51 0348 8¢ 4,06 0459 3,97 047
i 80 5.07 .0227 4,72 .0330 100 4,19 ,058 4,08 .0552
; 100 5.28 ,0275 4,87 0345 120 4,32 064 4,21 .0636
;i 115 5.42 . 0380 5.01 .0387 125 4.39 067 4,25 .0658
i 125 5.57 L0452 5.08 . 0426
: 100 MHz
: 25 4,02 ,0339
E Il to sheet, 8.5 GHz
§ °C k' tan 6 1°¢ k! tan §
& -55,5 3.699 .0155 106.0 4.044 0617
£ -4, 3.697 L0173 117 4,089 L0650
§ ~32,1 3.699 0221 125 4,142 .0673
¥ -21 3.697 0255 1304 4,184 L0686
v - 5.4 3,723 .0294 77 3,912 ,0508
% 14,5 3.723 L0294 62 3.855 L0443
g, 31.5 3,757 0323 232 3,745 0304
Epoxy/Glass laminate Mica "No Flow" 102-68
Pre~preg, pressed into "C" stage Collinsg Radio
Bl to sheet
1 MHz 10 MHz 1 MHs 10 MHz
’l‘éC K tan § K tan § 1% K' tan & ! tan &
=40 4,03 ,0225 4,00 ,0211 60  4.80 .0242 4,57 0364
-30 4,10 ,0281 4,04 L0225 70 4,89 .0239 4,65 ,0360
~20 4,15 0271 4,08 L0261 80 4.98 .0253 4.75 .0370
=10 4,22  .0284 4,10 ,0297 90 5.06 ,0277 4,846 (0385
0 4,23 ,0202 4,14 ,0301 100 5.17  .0309 6,96  .0403
10 4,36  .0202 4,18 0322 110 5.2%  ,0371 5.08 ,0423

20 4.43 0288 4,22 ,033% 115 - - 5,15  ,0435
25 4,49  ,0285 4,26  ,0345 120 5.41  ,0461 5.08 0469
3 4,53 ,0280 4,31 ,0350 125 5.48 0509 5,00 .0510
40 4.62 ,0266 4,38 ,0359
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Epoxy/Glass taminate Mica "No Flow'" 102~68

Pre-preg. pressed into "C" stage Collins Radio

EHl to sheet

1 GHz 3 Chz 8.5 GHz
°¢ K! tan § K' tan § 1°c K' tan §
=55 3.65 ,0093 3.63 . 0094 -33 3.639 L0117
-4 3.69 ,0125 3,65 <0115 -40 3.653 .0130
=30 3.72  ,0149 3,67 L0132 =30 3.665 L0142
-20 375 .0174 3.69 L0153 -20 3.684 L0161
=10  3.77 . 0198 3.71 L0175 -10 3.704 .0182
0 3.79 .0222 3,73 .0200 0 3.721 .0202
16 3.81  .0244 3.75 .0228 10 3.740 .0225
25 3.86 ,0279 3.785 .0269 20 3.756 0249
40 3,89 . 0316 3.82 .0313 25 3.765 0262
s0 3.93 .0342 3.855 0340 30 3.773 .0276
60 3.99 .0373 3.89 .0384 40 3.782 .0292
70 4,05  ,0413 3,93 L0425 50 3.796 .0325
B0 4,18 L0454 3.985  ,0468 50 3.839 .0378
90 4,23 0487 4,05 L0515 70 3.894 L0449
100 4,33 .(538 4,10 .0560 80 3.959 .0530
110 5.42 .0574 4,15 L0605 90 4,032 . 0594
120 4,52 . 0604 4,21 00648 100 4,072 .0649
125 4.55 . 0624 4,23 L0665 110 4,079 0667
115 - C -
e 120 4,076 .0691
t 125 4.082 .0710
3%% !
& } Custom Poly-‘Teflon" fiberglas Custom Materials

N

1.3 GHz, 25°C

o
2%

SALT L, et
P4 Pt

tan § = ,00125

K » 2,544

2 ‘

o

B Thymol Eastman

£ Selid, 45°% solid, 25°%

Fraq., Kz ' K" g Freq. .Hz k! K"

P 3 16,46 31.6 5.85E-11 Lsx10®  2.45-2.52 L0070

% 10 5,09 12.8 7.118-11 3108 L0116

ﬁ% 1 - 8

T 31 4,14 5.12 3.79E-11 5510 .0098

1 08 3,45 2,14 1.17E-10 1x10? ,0070

2 996 2.72 401 2,228-10 1.5x10° L0055

b 9997S 2.51 0570 3,16E-10 2,45x10° 0054

Ao

E e 2.62 .00575  3,19E~10 3x10° 0062

g% | 1x10 . o 00106 5,802-10 4.9x10° .0104

e 9.5x10? 2,61 ,00134  7,07E-9 8.5x10° 2.45 00546

.8 182107 2,61 (00234 2,34E8 Laxio?® 2.4 0166

2.4x008% 245 .030
36 '
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Thymol (cont.)

Freq., Hz

102

10
10
10
10
9. 5x10°
1.8x10’
1,5x108
3x108

5x108

lxlO9

1.5x10°
2,45%10
3x10°

leo9

8.5x10
1.4x10
2,410

3
4
5
6

9

9
10
0

K'
meag.

4,61
4.52
4,50
4,50
4,50
4.50
4.50
4.49
4.48
4,46
4,20
3.95
3.73
3.49
3.25
2,96
2,83
2.72

Liquid, 52°%

t
Keie
4.52

%
4,51
4,49
A
4,24
3.99
3,58
3.40
3.04
2.84
2,77
2,74

*)

"
meas.

4,94
494
L0494
.00512
. 00157
.0105
.0200
.136
.257
.369
.650
727
.911
.804
.675
.510
.392
.359

Eastman
Ke1e™)
4,94
494
« 0494
.00502
.00127
L0074
.0139
.115
.228
<369
.652
.819
.898
.872
. 689
458
.291
173

®
Computer best fit results to parameters of a single relaxator
plus conductance: Ko = 2,721, 0 = 2,75E-10, Kg = Koo = 1,799;

critical frequency 2,33E9, tau = 6.83E~9 sec.

3{licone rubber absorbers

Sample

¥R 129

Cos

PRt 40

FOk

Freq.,He

h':'l.-o
tan F.
[N
«
Las dd
u'lx-o
tan du
l,'!to
wen &
u‘/ag
san A‘
s‘h:n
tan 6‘
whhy
Tk ‘.

TH ot
8.1 et

159 .on2
12,4

L0cRd L0041
g M7

R I 7Y
rae ey

Qe A5

3.4
23
1.t
<00

L
LN

6.5

.03

.
Intarpalated waluae, &3 vadsured.

3
.8
w0}

5%
301

%
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Carbon foam absorber Emerson & Cuming
EHD-18-F, 25°C

Freq., GHz v' K"
1 3.16 2,43
3 2,55 1.17
8.5 1.90 .68
14 1.75 .34
Laminates Glastic Corp.
1 GHz, 25°C
K' tan §
Glastic G~200, buff (nearly NEMA G-10) 5.07  ,0192
Glastic TSF, brown (NEMA GPO-2) 4,97 0142
Glastic UTR, red (NEMA GPO-1) 4,38 .0145
Molded polyvinyl chloride Grace
Grace 252 3

30 MHz, density 1,41 g/cm

T°C K k" tan & o °c ' k" tand O

21.0 3,032 .0288 .0095 4&,8lE-7 116.7 3,331,333 ,100 5.56E-6
29.5 3.054 ,0299 ,0098 5,0E~-7 129,5 3,429  .462 .135 7,71E-6
39.3 3.055 ,0470 ,0154 7,85E-7 138,7 3,601 .751 .209 1.25E-5
66.0 3.076 .0504 .01l64 8,41E-7 146,9 3,870 .986 .254 1.046E-5
73.7 3,106 .0666 ,0214 1.1YE-6 160,9 4.297 1,39 .323 2.32E-5
89.9 3,127 ,0980 .0313 1,64E-6 175.5 4,673 1.615 .346 2.70E-5
104.7 3.252 ,18l6 .0558 3.03E-6 180.5 4.90€ 1.667 .340 2,78E-5

Molded co~polymer of poliyvinyl chloride Grace
Grace EM 134, 30 MHz. density 1.35 g/cm3
°c  «' K" tan 8 o ©°c k' K" tané O

21.1 2,891 .054 ,018 B,91E~7 121.0 3.229 .3%96 ,123 6.64E-6
32,5 2,899 .035 ,012 5.8E-7 129.3 3.326 .505 .152 B8.42E-6
41,5 2,908 .0387 .013 6.5E-7 138.3 3,55 674 ,190 1,12E-5

59,9 2,932 ,0553 .0189 9.2E-7 142,9 3.66 .825 .,226 1,38E-5
6(009 2.9"0 0058 .0198 9.7E"'7 167.6 3.832 a9105 0247 1.5813“5
71.3 2,973 ,06% ,0234 1,16E-~6 163.7 4,48  1.49 332 2,49E-5
82.9 3.007 .0903 .0300 1.51E-6 166.3 4,62 1,52 ,328 2,33E-5
95.5 3.040 ,129 ,0426 2,17E~6 170.0 4,78 1,62 ,338 2,71E-5
111.1 3,134 ,272 ,08656 4.53E-6 175.0 5.06 1.73 .341 2.89E-5 .
Dioctalphalate, Hactol 101 Hatco ;
Liquid, 25°C )
1 GH= 3 GHz 8.5 GHz H
' 2.74 2,645 2,59 i
tan 3 .109 .0635 -0438 b
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Niax polyol, 10 ring 130, liquid MIT, Mech. Eng. Dept.

T°F Freq., kHz k' o}

76,4 1 8,80 9,08E~9

87.4 1 - 1.255E-8

93.7 1 - 1,47E-8
105.2 1 - 1,90E-8
108.5 10 7.94 2,31E-8
125.2 10 - 3.03E-8
134.,8 10 - 3.29e-8
141.5 10 7.81 3.40E-8
149.7 10 - 3.50E-8
159.7 10 - 3,49E-8

Niax polyol W137D408, liquid, clear MIT, Mech. Eng. Dept.

Same, with carbon

T°C  Freq., kHz «' c Freq., Hz «' o
74 1 9.85 3.45E-8 75 1 10,8 3.82E-8
74 10 8.37 3.76E-8 90.5 1 - 6.18E-8
74 100 7.96 5.09E-8 96 1 - 7.08E-8
88.5 1 - 4,65E-8 101 1 - 7.84E-8

106,5 1 - 6.32E-8 105 10 9.12 8,55E-8

127.2 1 - 7.89E-8 114.8 10 - 1.04E-7

141,2 1 - 8.74E-8 123 10 - 1.20E-7

152.9 10 - 9,43F-8 130.4 10 - 1.32E-7

167.1 10 - 9,55E-8 140.5 10 - 1.48E-7

171.4 19 - Y.61E-8 147.5 10 - 1.57E-7

154 10 ~ 1.65E-7

167 10 - 1.80E-7

170,9 10 - 1.86E~7
Isocyanate, SF-52, liquid MIT, Mech, Eung. Dept.

°F K o
83.7 14.7 2,49E~9
96 - §.28E-9

105 - 8.50E-9

109 - 9,608~9

122 - 1.25E-8

126 - 1,40E-8

132.7 - 1.588~8

135 - 1.648-8

142.7 - 1.868-8

148.5 - 2,168-8

153.2 - 2,39E-8

159,2 - 2.74E-8

164.5 - 3.258-8

168.7 - 3.51E-8

170 11.9 3.858-8




Chlorinated polypropylene MIT Mech. Eng.

22% total chlorination on surface of pellets about 2 mm diam.,
compacted sample (#38-1)

18 MHz
°c K' K" o °C K' K" o
20 2,58 . 0245 2.45E=~7 125 2.39 .0360  3.61E-7
35 2,62 .0252 2,52E~7 133 2.37 .0324 3.24E-7
49 2.62 .0351  3.51E-7 138 2.36 .0322 3.23E-7
63 2.60 0414 4,15E~7 142 2.36 ,0325 3.25E-7
79 2.55 0440  4,41E-7 148  2.49 .0291 2.92E-7
92 2.49 ,0428  4,29E-7 152 2.51 . 0306 3.06E-7
100 2.47 L0421 4,22E-7 159 2.55 .0295 2.96E-7
115 2,40 0376 3.76E-7

For additional data on chlorinated polyoiefins see Ph,D., Thesis of
Lewis Erwin, Mechanical Engineering Department, MIT, 1976,

"Teflon''~fused quartz laminate Philco-Ford
8,515 GHz, 23°C (Lincoln Lab.)

K' = 2,35 tan § = ,00052

"Rytron" R4, polyphenylene suvlfide Phillips Petroleum
8.515 GHz, 25°C
K' = 4,01 tan § = ,0052

"Tafzel," 20% glass reinforced RCA
At 25%
Freq., l2z 60 1E3 156 1E9 3E9 1E10
k' 2.98 2.97 2,96 2.94 2.93 2.92
tan & .0018 0021 0057 L0175 016 L0142

15% TFE, polyphenylene sulfide

7:‘1}

#,‘

3

35 K' 3.00 3,00 2.99 2,99 2,99 2.98

. R

= tan § .00062 .00090 .00064 ,0018  .00365  .0055

152 TPE, polysulfone

©* 2,96 2.92 2.88 2,85 2.84 2,83
tan 6 L0022 ,0011 0042 6044 0053 . 0062
Solithane No. 1 , Thiokol
1 oie, 25%

k' » 2,632 tan & w 0204
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Composition B

°F
80.8
84,8
89,2
97.1
109.5
121.3
133
146.7
158.2
159.4
160.8
161.9
167.2
170.2
170.2
170.2
170.2

Minol A

°F

80.1

89.3

97.7
107.2
1lle.6
125.9
135.6
144.4
153.4
162.6
167.2
171.9
176.4
181.4

R R N Y- V.- -

915 MHz

K'

2,832
2.829
2.830
2.831
2.833
2.834
2,836
2,841
2.855
2,857
2,863
2.871
2,915
2,945
2,848
2.949
2,951

915 MH2

>

©

S s O e D RS R NI
O VLT DS ODN

e ® ® e ®© s e o

~ ~J
-
Py
—t

7.26
1.66
8.27

tan §

.00273
.00298
.00363
. 00408
. 00496
.00563
. 00640
.00740
. 00895
. 0052
.0097
. 0093
.0131
L0123
03538
L0182
.0167

tan ¢

.0280
.0233
0291
G304
0316
.0327
0346
L0366
03P8
L0493
. 0‘)22
G642
.0599
.107

"Tritonai}‘ﬂzo coataminated, 915 Mix

197
7.6
83.4
91.4
101,46
110.3
119. 1
128
135.9

B IR BN O

':0

5.51
5.51
5.48
5.46
5.43
5,38
5.33
3.29

73,
o,

tan §

.0355
0390
0407
0433
0464
0481
»0511

2450 MHz
T°F k' tan §
81.5 2.779 .00191
84.7 2,781 .00218
88.86 2,780 .00251
97.0 2,781 .00296
1C¢3.5 2,784 .00357
121.5 2,783 .00426
133 2,780 00491
146.8 2.784 .00601
158.9 2,791 00744
159.5 2.806 .00788
159.5 2,808 ,00805
160.6 2,848 .0084
161.9 2.855 .0088
164.2 2,864 .0095
166.7 2,871 .0107
167.2 2,875 .0108
170,2 2,905  ,0143
2450 Mz
k' tan ¢
5,52 .0316
5.52 .0320
5.53 ,0324
5,54 .0333
5.54 .0336
5.57 .0343
6,07 .0408
6,11 0424
6.14 L0449
6,18 L0468
6.20 L0481
6.23 0507
6,56 0767
~7L10 v, 116
°r x' tan &
146.3 5.28 0551
155 5.30 .0570
159.,7 5.36 .0582
163.8 5.45 . 0606
131.7 5.33 0524
110 5.29 L0461
89,7 5.26 0399

ol

U.S. Army




“"Tritonal" at 2450 MHz U.S. Army

T°F k! tan § T°F K' tan §
82.3 4,99 .0175 155.6 5,04 .0313
91.3 4,97 . 0187 161.4 5.05 0317

100.4 4,97 L1194 164,6 5.05 .0332

109.7 4,96 0204 168.6 5.06 .0335

118.7 4.95 .0218 173.5 5.09 0356

123.4 4,94 .0225 177.8 4,16 0544

127.8 4,95 .0239 177.8 4,03 0569

132.4 4.94 0242 180.1 2.65 .140

141.7 4,99 0277 180.1 °  2.61 148

151.2 5,01 .0297

TNT, trinitrotoluene U.S. Army
915 MHz 2450 MHz

°F k' tan 6 ™°F k! tan §
83.4 3.123  ,00212 83.4 3,102 ,00183
97 3.127  .00282 97 3,106 00214
107.5 3,132 ,00316 107.5 3.108 .00234
120.4 3.135  .00360 120.4 3.111  .00253
129.3 3.137  .00366 129.3 3.112  ,00272
138.6 3.140  ,00400 138.6 3.113  ,00295
: 145,1 3.141 00449 145,1 3.112  ,00328
g 152,2 3,142 ,00523 152.2 3,115  .00376
j 156.8 3.150  ,00597 156.8 3,123 ,00443
; 161.4 3.157  .00736 161.4 3.125  ,00496
; 163.8 3.168  ,00919 163.8 3.130 .00697
' 166.4 3.181  .0117 166.4 3,137 .00898

169 3.209 .0172 169 3.153  .0128

170.8 3,231 .02 170.8 3.167  .0165

173.6 3.319  .0374 173.6 3,206 ,0218

173.4 3.645  ,0937 173.6 3,210  .,0255

180.6 3,677  .0973 173.6 3,221 ,0296

178,4 3,376 .0639
180.6 3.382  .0709

U.C, 8950-24-3 Union Carbide
2 Gz {Whittaker)
K' tan 6
22°C  Asbient 3.145 .0083
L 2°C Vet 3.26 0165
B Ferro/Kerimid 581 Astroquarie Whittaker

26% vesin wt,, 1,6% voide
Messured at 8.5 Giiz, water soaked, after 24~-hour boil

°r K* tan & 10p K tan &
73 3.627  .0093 460  3.387  .0078
206 3,661 .0087 500 3.532  .00764

300 3,650 .0083




Ferro/Kerimid E glass
267 resin wt. .3% voids Whittaker
Measured at 8.5 GHz, water soaked after 24 hour boil
1°F k! tan & 1°F K tan $
84 5,145 0107 398 5.195 L0112
200 5.212 0109 499 5,242 0106
300 5.218 .0109
Hexcel F-178/E glass Whittaker
42% resin wt., 2% voids
Measured at 8.5 GHz, water soaked after 24-hour boil
1°F ' tan & °F K' tan §
73 4,454 .0150 400 4,524 .0218
200 4,504 . 0167 498 4,323 .0214
300 4,512 .0185
Hexcel F178/Astroquartz 581 Whittaker
34,4 to 37.4% resin wt., 0.6 to 1,6% voids
T°F K! tan 6 °F k' tan §
75 3.572 .0148 400 3.558 .0210
199 3.622 . 0167 500 3.441 . 0222
261 3.601 .0165 15 3.385 . 0064
310 3.533 .0190
% Experimental Pl/Quartz Whittaker
% Brunswick-BP1l 373581 Astroquartz
4 Measured water soaked after 24-hour boil
8.5 Gz 24 Gz
?é 1°F k! tan § T°F k' tan ¢
71 4,498 L0714 73 3.86 0924
E: 200 4,491 .0330 147 4,09 .0725
: 300 3.835 .0228 248 3,63 .0228
s 5 win., 300 3.740 . 02008 345 3.42 .0087
& 400 3.341 +0133 432 3,3 .0118
. $00 3.237 02216 500 3,36 .0130
i 75 3.349 . 0040 73 3.35 . 0045
[
PD 753/Astroquarts A 172 Whittaker
s 2 GHs, dry
°r K tan & 1°p k! tan ¢
23 3.16 . 00227 7 3.205 . 00242
66 3.7 .00258 221 3,213 . 00261
121 3.19 . 00253 260 3.23 00292




f
¢ PD 753/Astroquartz Al72 Whittaker
% 24 GHz, water soaked after 24-hour boil
5 T°F k' tan ¢ T°F k' tan
, 73 3.093 L01154 428 2,92 0037
{ 163 3,08 . 0048 502 2.9G .0033
b 250 3.94 0047 79 3,07 L0027
3 351 2.99 .0053
f Skybond 710/Astroquartz 581 Whittaker
4 21% resin wt., 9.4% voids
8.5 GHz, water soaked after 24~hour boil
T°F K' tan § T°F ' tan &
69 8,83 .2097 300 3.190 ,0248
| 200 7.219 0573 398 3,035 0070
! 200, 1 min, 7.152 .0638 500 2.909 .0072
‘ 200, 2 min. 6.972 0632 76 3.151 L0024
;
3
¢
g
3
%
g 4
§
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MATERIALS AND COMPANY INDEX

"Acrawax" C, IV-56

Acrylate resins, IV-34,35; V-1ly "41SiMag" 719, P.R.~6

Acrylonitrile-butadiene "A1SiMag" 754, P.R.-40
copolymer, 1IV-53 "AlSiMag" 772, 9-24

A.C, Spark Plug, 9-24 "AlSiMag" 5050, V-234; VI-44

Adumiralty Materials Laboratory's Alumina (including porcelains), IV-6,

silicon nitride, ceramic, P.R.-100

AFC Alumina, ¥-21

AF Materials Laboratory’s Zircolite,

P.R.=-122
Alrcraft-Marine Products, inc.,

IV-14;

V-74

Air Reducticn Saler Jo., V=20

Alr Seal,

IV-52

"Alathon," 1V-27,70
Alberox Corp., P.R.=-5

"Alberox"

A-935, A-950, and A-C62,

PORQ-S

Alcohols,

"Alite" A-389-25 andA-389-P-30, VI-20

IV-62

Ar-212 and AP-214, V-21

Ap-312, v-21,51

AP0O-512-6 and APO-512-7, VI-21
Alkyd resins, IV-47-49,123,124;

v-112,

113

Allied Chemical Corp., P.R,-194

Allied Chemical fluorocarbon
derivative P-1¢, P.R.-194

Allied Raesin, 9-32

Allison, William M, aud Co., IV-58

Allyl reeins, IV-47,48

Allymer CR-39, CR-39 + glass, IV-48

"Alox," National Beryllia, P.R,-31

"A15iMag"

A-35, 1v-3,80

IV~6,96-100; V-1-%,21-23,30-52;

VI-7-21; P,R,=-5-37; 8-1-3; $-24

A.C, Spark Plug, 9-24

"AFC," V-21,30

"Alite," see U.S. Stoneware,
v-21,51; vI-20,21

"Aigerox' A-935, A-93uL, and
A-962, P,R.,~5

American Lava
"AlSiMag" 393, 1IV-3
"AlSiMag" 491, 1v-6,100;

v-1,32,33

"AlSiMag" 513, V-1,34,35
"Al81Mag" 544, V-2,21,31
"AlSiMag" 548, v-21,31
"AlSiMag" 576, V-2,36,37
"AlSiMag" 602, v-21
"AlSiMHag" 652, v-21,38,39; vI-8,9
"A1SiMag" 719, P.R.-6
"AlSiMag" 772, 9-24

Armour Resaarch, Alcoa, P.R.-7,8
E-11, P.R.~9,10
E-20, P,R,-11
A-75, P,R.~15-17
A~76, P,R.~12-14
mixtures, P.R.-18

Ceatralsab 205 and 206, P.R-19

Carborundum 1542, P.R.-19

"AlS{Mag" A-196, 1V-3,78,79 Coors

"AlSiMag" 211, 1V-3 AB-2, 1V-6,98,99
"A18iMag" 268, iv-3,81 AD-99, VI-14,15; P.R.,=19
"AlSiMag" 243, IV-3,82; Vi-34 AD-995, P.R,-20
"AlSiMag" 393, 1V-3 AL-100, V-2,40

"AlSiMag" 495, V-5,59-61 AL-200, IV-6,96,97; V-2,40;
"AlSiMag" 491, 1v-6,100 VI-11-13

"AlS4Mag" 491 (biue), V«1,32,33 96% Aly0q, 8-1

"AlSdMag" 505, IV-82 BI~95,vi-16,17
"AlSiMag" 513 (pink), V-1,34,35 MC-2014, P,R,-20
“alSiMag" 544, V-21,31 RR, P,R,-20

"ALSiMag" 576, V~2,36,37; P.R.~6 Coovs~NBS 10F2, ?,R.-20
"A1SiMag" 577, V=4,58 Corning

“Al8iMag" 602, V21,75 JD~40, V-2,41

"AlSiMag" 614, Vi-10; P.R.~6 JD-82, V=2,41

"AlSiMag" 652, V-21; Vi-B8,9 JB-123, V-2

Wi=-131, V-2
.‘5"‘183 'Y V"'z .91

"
In this iadex Rowsn numerals vefer to Iables of Dielectric Materials, Vols, IV, V,

and VI,

P.R. vefars to Tech, Rep. ATML-TR-72-39, Avabic number 8 vefers to Tech.

Rep. AME~TR-74-250, Pt. II. This veport ia referenced by Arabic number 9 followed
by pege numberas,
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Alumina (cont,)
Diamonite
B-890, V-2,42
B-890-2, P.R.-21
P3142, V-2,43
P3142-1, P.R.~21
P-345%, V-2,44
P-~3530-40, V-3,45
P-3662, P.R.-21
"Duramic' HT-360, 8-1
Frenchtown
4462, 1v-6; V-48
6096, V-3,48
7225, P.R,~21
7873, v-2,49
General Ceramic
ADH-211, V-3
General Electric
AT-100, P.R.~-22
4-919, °?.R,-25
A-923, P.R,-2¢€
A-976, P,R.-27
A-1000, P.R.~i8
A-1004, P.R.-29
"Lucalox," P,R,=-23,24
International Plipn & Ceramic
TC~301, P.R.,-30
T¢-320-H, P.R,-30
TC-351, P.R.=-3C
V-89, P,R.-30
Kearfott
high-purity, v-3,46,47; P.,R.~30
hot-pressed in carbon, VI~18,19
Knox porcelain, IV-6,100
Minneapolis Honeywell
A-127 and A-203, P.R.~-31
National Beryllife “Alox," P.R.-31
Norton 99.5%, P.R.-31
X, v-3,49
17z, v-3
Raythaon 1959, P,R.-32
4028, V-3
Rockwell foam, 8-2
"Sintox," V-3
Steatit-Hagnesia A.G. A-18,
P.R,-32,33
Stupakoff 13
1510, v-3,51
1540, v-3,50
1542E, v-3
1542p, v-3,50
1550, v-3,350
U. 8. Stonawatre
A""212g P-R.*36
*"'216. ?.B-.*yt

46

U.S. Stoneware (cont.)
AP-212, V-21
AP-216, V-21
A~312, P.R.-34
AP-312, P.R.-34
"Alite" A-389-25, VI-20
"Alite" A-389-P-30, VI-21
"Aiite" APO-~512-6, VI-21
"Alite" APO-512-7, VI-21
610, P.R.-34
STD. 3G50°F, P.5,-35
Western Gold & Platinum
A1-300, V-4,52; ?P.R.=36
Al1-300, modified, P.K.~36
A1-400, P.R.-37
A1-300, P.R,-37
A1-995, P.R.-37
Al1-1000, v-4; P.R.-37
Alumina cement, 8-3
Alumina foam, 8-2
Aluninum nitride, Carborundum,
hot-presged, 2.R.-1

Aluminum oxid¢, Linde, single crystal,

Iv-1,72; v-1,26-28; P.R,.-2,3
Aluminum oxide, Union Carbide, single
crvstal, PL.R.=4, 924
Alumipun nxide, multlcerystaiiine, sece
alumina

Aluninum oxide mixtures, VI-30,51; 9-24,25

Aluninum silicates, V-3,

"Alvar' 11/90, IV-34

Amber, IV-55

Anber Mines, Inc., IV-55

Anerican Concrete Products, P.R,-139

Amevican Cyanamid Co., lestics Duv.
Labs., 1V-21,23,38.45,112,118-121;

V-83,106,107; P.n.~139,7150; 9432

American Cyanamid Co,, Y. 8tics and

Reeins Div., VI35

Americen Cyanamdd. ¢ suethylated cotton

molding, P.R.-1%§

American Cyanamid “Cymac" 325, P.R.-160

Aunerican Cyanamid, eee ''Laminac,'
"Malmac," "Beetle"

Aperican Cyanamid &05 resin, V-8

American Durafilm, 9-32

American Peldmuenle Coxp., V-21,30

American Lava, IV-3,4,6,76-82,88-93,10C;

v-1,4,5,21,31-37,58-6,75,23;
vI"'&"‘lo’aa“‘%‘d‘; p'RQ"G ’40
Auverican Lava, see "AlSiMag"

American Optical Co., IV-9; P.R.-77,81

Amsvican Optical Amersil, P.R.-82
Amnsrican Optical, Fhosphate glaos,
V=93 P.R.w77
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Anerican Phenolic Corp., see Amphenol
American Smelting and Refining Co.,
Co., IV-13
Amersil, cleasr, translucent, P.R.-82
Amicon Corp., P,.R.-160
Amicon Corp., conformal coating
1517-36-3, P.R.-160
Ammonia, 9-25
Amponium dihydrogen phosphate, IV-1
Amoco, 9~32,33
Ampirenol Corp,, IV~28; ?,R.~161
Amphenol Corp., polyethylene,
irradiated, P.R.,-161
"Amp1ifilm," IV-14; V-74
Aniline-foimaldehyde resias, iV-21
Apatite, P.R,-126,127 =
"Aplezon" Wax "W," IV-56
"Araldfte" Adhwsive, Type I
(natural and silver), IV-350
"’raldite" casting regin, Type B,
IV=-49,125
"Araldite" casting rasin G, IV-49
"Araldite" E-134, IV-49
Argus Chemical Corp., VU.S. Par-
onygsn Div,, P.R,-197
Aracvur Research, P.R.-7-18,198
"Arcclor" 121i, 1232, 1242,
1248, 1v-63
1254, 1v-63; VI-78-83
12:0, 1262, 5442, 1V-84
1263, 6465, 5460, 1vV-1S
Armeour Regearch, sluminum
oxide, P.R -7-°8
Apbestog, IV-1]
Asbestos filled plastics, IV-14;
v-8,9,84,85,96,97
Asphalt pavement and asphslts,
P.R.-156
Acohalte and csmen~: IV=56
Astrophyllite, P.R.-. 27
"Astroquariz," 8-48,47; 9-42-44
"Atlac" 382, v-.l,12
Aviantic Lawmiuctes, 9-23; 9-33
Atias Powder Co., V11,13
Attexuator Material_, IV-43-435;
V=17,15,17,7 5,22,234~244;
Vi-44,43; P.R,~79,80,81,
148,175
AVCO absorber, 9-33
AVCO Re=sarch, P.R,-161
AVCO Rasearch, polyvinviidene
fluoride. P. Ru"‘161
Avieun Corp., P.R,-162,163
Avisun polypropylens, nacural
and vlsveabls, P.R.-162,163

a7

Bakelite Cc p., 1V-15,16,20,27-29,
36,48,57,58,64; V-12; P,R.-180
"Bakelite" BM-120, IV-15,16,69
"Bakelite" BM-250, BT-48-306,
BM-16931, and BM-16981
pawvder, IV-16
"Bakalite" BRS-16631 + glass, IV-48
BV-17~85 + glags, IV-16
PLLA-5005, V=12
"Bakalite" polystyrenes, IV-36
"Bakelite' polyvinyl chloride-
acetate, stce "Vinylites"
Balata, precipitated, IV-51
Balsa wood, The Sippican Corp.,
?.R.-192
Barium fluoride, single crystal,
P.R,~38,39
Barium-strontium titanate, IV-5,6
Barium titanate, IV-5; V-1
Barium titanate and plastic
mixtures, IV-43
Basalt, Hawaian, high-deusity, P.R.-136
low-denaity, P.R.-137
deep ocean basalt, P.R,-137
Basalt, syathetic, P.R.-139
Battelle lemorla]l Institute, P.R.-45
Battelle boron nitride, hct-pressed,
P.R. 45
"Bayol," "Bayol"-D, ~F, -1&, IV~65,66
Beef ateak, lean, frozen and vacuum
dried, P.R.~199
Beeswax, white, yellow, IV-57
"Beetle" resin, IV-23
Bell Talephone Laboratories, TV-3,83;
V-36,57; VI-28,29; P.R.-72
Bell Labe. F-66, IV~3,83; V~56,57;
P.R.=T2
Benotoite, P.R.~127
Bentonite, IV-lu; V-74
Benzanee and diphenyls, chlorinated,
V=43
Benzenes, chloro-, IV-64
Benzoguanamine~forrmaldehyda resin, IV-2
VBerlox,” Ba0, P.K.-4%
Beryl, P.R.-128,129
Bervlilia, IV-6; Vv-21,24,52,53; Vi-22.27;
" P.R.~39~43
Americsn Lava "AISiMag" 734,P.?.-4D
Beryllium Cotp., hot-pressed,
v-21,53
crucible grade, V-21,52
Brush B-6, P.R,=40
B~7~6, P.R,~40
8~7-37, P.R.-40
cold-pressed, Vi~24,25
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Beryllia (cont.)
Brush (cont.)
F-1, P.R.-41
hot-pressed, VI-z2,23
sintered, VI-26,27
Coors BD-98, P.K,~-41
National Beryllia '"Berlox," P.R.-41
cold-pressed, P.R.-41
North American translucent,
P.R.=42,43
Norton, IV-6
Beryllium Corp., The, V-21,52,53
Beryllium oxide, multicrystalline,
gee Beryllia
Beryllium oxide + silicon-nitride,
8-4; 9-25,26
Beryllium oxide, single crystal,
Electronic Space Products, P.R,-39
Beryllium octhosi.icate, single
crystal KSC 7013, Electromic Space
Producte, P.R.-44
Biphenyl, dilasopropyl and mono-
isoprepyl, V-19
Biphenyls, chlorinated, IV-15,63,64
Birch plywood, £.R.~193
Bismuth silicate ceramic, P.R.-44
Bitumen, natural, IV-56
"Boltaron" 6200-10, V-10
"Boralloy," P.R.-~50,51
Borden film and adheeive, 9-33
Borow nitride, V-6,78,77; VI-48,49;
PR, =45=57
Boron nitride, density eflect, P.R,-45
Boron nitride, Battwllw, hot-preased,
P.R.-45
Carborundum, hot-preased, 1956,
vV-6,76
Carborundum, hot-pragssed, (rade A,
P.R, =47
Grade HP (1962), P.R.-46,48
Grade M, P.R,-4&9
Carborundun, hot-pressed with
B8N fibers, 8~5
High-Tenmperature Matericls,
pyrolytic, P.R.~50,51
National Carbon, see Union Carbide
and Carbon
Raytheon, pyrolytic, F.R.-52,53
Union carbide & Carbon, pyrolytde
(sge High-Tezparature Materiala)
pyrlytic laninate, P,R.-54
cold-pressed, P.R.-57
hot-pressed HRE, (-26
HOR, P.R.~-55
HBN, P.R.-57

Union Carbide & Carbon (cont.)
hot-presssd HD-0025, VI-48,49
HD-0056, P.R,~54
HD-0086, P,R.-54
HD-0092, P.R,=55
HD-0093, P.R.-55
HD-0094, P.R,-55
Boron nitride alloys and mixtures,
v-6,79; VI-50,51; 9-24
Boron nitride, yara, 8-5
Borosilicate coating, 8-19
Brand-Rex Co., IV-40; VI-11,105;
P.R.~181~183
Bread and bread dough, P.R,-202
Bromund, E. A.; and Co,, IV=57
Brown iniv. silicop single crystal,
P.R.-77
Brungwick Corp., Defense Froducts
Division, P.R,-95
Brunsyick slip-cast, 8102, P.R.~G5
Bruah BeO
B-6, P.R.-40
B-7-6, P,R.~40
B-~7-37, P.R.-40
cold~pressed, VI-24,25
F-1, P.R.-41
hot-presaed, VI-22,23
sintered, Vi-26,27
Rrush Electronica Co,, IV-1,73
VI-22,27; P.R.~00,41
Budd Company, The, P.R,~164,153
Budd copper-clad lamirate, PE1153
P.R.-164,165
Budd DiClad-522, polytetvafluoro~
ethylene, fiberglas laminate,
P.R.~163
Buna 5 (GR~S) and compounds, IV-%2
Bureau of Stzndards casting resin, T¥-al
Butadiene-acrylonitrile copclywer, IV-5I
Butadiene, chlere~, IV-53,62
Butadiene-atyrene copolymer, 1V-38,52
"Bugvar," low OH and 55/98, IV-34
n~Butyl alcohol, IV-62
Butyl rubbers, IV-52
Butyraldehyde, IV-€2

Cabla o4l 5314 and PL101270Q, IV-45
Cadmium telluride, IRIRAN 6, 8-6
Cslcito, P.R.-58
Caleium carbonate, single cryetal
nineral, P.R.-58
Calciun fluoride, single crvatal,
V-1; P.R,-59-61
MIT, LIR, V-1
M*1, Crystal Ph, .s ieb., P.R.-59
HIT, Ceramics Lab., P.R.-860
Migtutes vith "feflon," V-0

s e,




Caleium sulfate, 8-23

Calcium titanate, IV-5

California Research Corp., IV-65

Candy and Cc., Inc.,, 1V=37

Cantol Wax Co., IV-55

“"Carberlox,” National Beryllia, ?.R.-80

Carbon, diamond, V-1

Carbon and plastic mixtures, 1V=-32,41;
V-239,240

Carton tetrachloride, IV-62

Carbonyl iron and plastic mixtures,
V-15

Carborundum Co., The, V-6,76;
VI-46,47; P.R.~-1,19,46-49,79,166;
8-5; 9-34

Carborundum "Astral," 9-34

Carborundum boron nitride, Grade A,
Grade HP, and Grade M, P.R,-46-49
hot-pressed, V-6,76,77; 8-5
silicon nitride alloy, V-6,79

Carborundum "Ekkcel I 200, Y-34

Carborundum FKONOL (polyester resin),
P.R,=166

Carborundum silizon carbide, P.R.-79

Carborundum 1542, P.R.-19

Carberundun "Castolast,” 8-3

Catalin Corp. of America, IV-16-18,
36,39,119

“Catalin" 200, 500, and 700 base,
1v-16,17

"Catalin" 8012, IV-39,119

"Catalin" EK 2784, IV-39

Celanere Corp. of America, IV-2¢4,
25,114,115; v-9,10,12,90

Celanese MR-31C, MR~33C, MX-186,
and MX-21G,v-12

Cellular Rubber Products, Inc.,
IV-51

Cellulose acetate LL-1, IV-23

Cellulose acetata + plasticizer, IV-24

Cellulose acetates, IV-23,24; V-9

Celiulose derivatives, IV=23-23;
v-9,90,91,92; P.R.-15S

Cellulose nitrate and camphor, IV-25

Celiulose propionate, IV-23,114;
v=-9,90

Cellulose triacetate (''CTA'), V-9,92

Cements ead asphalts, iV-56

Cements, alumiva, 8-3

Cenco "Sealstlx," IV-56

Caentralab,:
aluminas 205,206, P,R,~19
steatites 302, 400, 410, 452,

1V-3,84-87

Centralab, Div., Glebe~Union, Inc.,

IV"3,34-37 H P. Rt"‘lg
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Central Scientific Co., IV-56

Ceradyne 1603, 1605, 1597, 1595, 9-24

“Ceran' 61-1, V-5,65

"Ceram'" 61-2, V-5,66

"Ceram" 61-3, V-5,67

"Ceram" 61-4, V-6,68

"Ceran' 61-5, V-6,69

Ceramics for Industry, P.R,-148

Ceramics for Industry
CFI 1003, CFI 1006 attenuator

materials, P.R.-148

Cerese Wax AA and brown, IV~57

Ceresin, white and yellow, IV<57

Cerium fluoride, ceramic, MIT, LIR,
P.R,-61

Cesium bromide, V-1

Ceslum iodide, V-1

Cetylacetamide, IV~56

Chalcopyrite powder, 9-31

"Chemelac' M1405, M1406, M1407, M1411,
and M1412, Iv-32

"Chemelac' M1414, IV-32; V-241

"Chemelac' M1418-2, M1418-5, 1422,
and M1423, 1V-33

"Chemelac" B-3, 1V-56

Chemplast, Inc., P.R.-166

Chemplast "Zitex," low-density poly-
tetrafluoroethylene film, P.R.-166

Chlorinated benzenes and biphenyls,
1V-15,63,64; VI-78-83

B~chloroethyl-2,5-dichlorobenzena, IV~64

Chlorostyrenes, ortho and para, co-
polymer, IV-42

Chlorotrifluoroethylere dimer, trimer,
v~18

Chlorotrifluorosthylene tetramer, penta-
pentamer, hexamer, V-19

Chronium oxide, Linde, sinmgle crystal,
P.R,-62

Ciba Co., _nc., IV-21,49,50,125;
P.R.~108,180

Ciba epoxy resias, IV-4$,50,125; P.R,-180

"Cibanite," IV-21

Ciba tantalum oxide, optical gvade powder,
P'R.'lﬂa

Climax Molybdenum Co., VI-45

Clincenstaeatite, see magnesium mata=-
silicate

Coal, powdersd, P,R,~191
single lump, P.R.~192

Coating, borosilicate, 8-19

Cobalt ferrite, MIT samples, V-136,177,2056

Cobalt oxide, P.R.~63
cobalt-nickel oxide, mixed crystal,

MIT Crystal Physics Lab., P.R.-63
Coffee, P.R.-202
Colling Radio, 9-35,36
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Columbia Univ., P.R.-75
Columbia University manganese fluoride,
tetragonal crystal, P,R,=75
Components and Systems Lab., see
U.S. Components and Systems Lab,
Composition B, 9-41
Concrete pavement, P.R,=-157
Concrete, artificial, P.R.-159
Condex Co., 8-26
Conformal coating, Amicon Corp.,
P,R,-160
"Conolon" 506, V-8
Continental Diamond Fibre Co.,
1V-18,19,21,26,27,31,32; v-8,1i2,
14,80-83,88,93,104,1C8,114
(now a division of the Budd Co.,
see also Budd)
Cooking o0il, Kremax, Armour, P.R,-198
Coors alumina
AB-2, 1IV-6,98,99
AD-99, VI-14,15; P.R.-19
AD-995, P.R.~-20
AL-100, V-2,40
Al-200, IV-6,96,97; V-21; VI-11-13
96% Al203, 8-1
EI-95, Vi-16,17
MC~2014, P.R.=-20
RR, P.R.~20
NBS 10F2, P.R.-20
Coors Be(Q BD-98, P.R.-41
Coors Porcelain Co,, 1V-6,94-99; V-2,21;
Vi-11-17; P.R,~19-20,41
Coors Spinel, 8-12
"Copolene" B, IV-28
Copper halides, pressed pocwder, MIT, LIR
copper bromide, P.R.-63
coppar chloride, P.R,-63
coppet lodide, P.R.~o3
Cordierite, P.P.-67
"Corfoam"” 114, IV~19
Cornell Aeronsutical Labe., IV-48,124
Corning alvainas
Jp~40, Jp-82, JB-183, V-2,41
JB-123 and W,DOL31,v-2
Corning Fotocevam, VI-40,%41
Corning Fotoform, VI-36-39
Corainyg Claza Code Nos., 0010, 0014,G080,
0050, 0100, 0120, 0330, 1723, 1770,
1990, 1993, 3320, 7040, 7050, IvV-9,
102; B.R, “39, 169
7052, 7055, 7060, 7070, Iv-10,102;
V-62,63;
7052, 7¢56, 9-29
7230, 7570, 7720, 7740, 7750, Iv-10

LA

PO 3o

Corning Glass (cont.)
7900, 7911, 1v-10,103; V-5,64; VI-35
7940, P,R,~83
7941, P,R.~96
7971, 8-19
Corning 7945 multiform glass, P.R.-96
Coxning Glass Nos. 8460, 8830, IV-10
8603, V-5
8871, 9010, Lab. No, 189CS, IV-11
Corning Glass Code 9606, VI-42,43;
P,R.-149
Corning Glass No. 119BUC, P.R.-89
Corning Glass Works, IV-9-11,26,41,42,
102,103; v-2,5,6,41,62-71; VI-35-43;
P,R.~83,89,96; 8-19
Cotton molding, Amer. Cyanamid, P.R.-159
Crepe, pale and compounds, IV-51
Cresylic-acid formaldehyde resins,
1v-18,19,68,70
"Crolite" No. 29, 1V-4
“Cronar,"” V-13,109

Crowley Co., polylron attenuator, P.R.-167

Crowley, Henry I. and Co., Inc., IV-4,7;
V-217-219; P.R.-167

“Crowloy" 20, IV-7; V-217

"Crowloy" 70, IV-7

"Crowloy" BX1l4, IV-7; V-219

Crystals, inorganic, IV-1,2,72-77;
v-1,26-30,133-135; VI-2-6; P.R.-2,4,
38,39,44,58,59,60,62,.63,65,66,68,77,
78,80,81,103-105,106,107,109,115,117,
123~134

Crystsls, organic, IV-15

Custom Mmterials, Inc., P,R.,~167; 9-36

Custon Materials, Loac 4101, 707-4,
707-(3.75), P.R.-167

Cyanurate ester resin, 3-43

"Cymac," 325, Vi-65; P.R.-160

"Dacron''-f1iled plastics, V-8,10,12,
14,110

"Darex" No. 3, 43E, ¥-34, X-43, 1V-38

"Dekhotingky" cement, IV-5&

Delavare Research and Development
Corp., V-9

Dennison Mfg. Co., IV-58

Desert aand, P.R.-143

Deway and Almy Chemical Co., Urgsuie
Chemicale Div., IV~38

"Diela" 041, IV-66

"Dialite" 55 P687 laminste, 8-35

Disllyl phenyl phosphonate resin, IV-48

Diamond, V-1

Dismonite Products Div., U.8., Csramic
Tile Co., V=2,3,42~45; P, R.~21




"Diamonite" B-890, V-2,42

B-890-2, P.R.-21
"Diamonite" P-3142, V-2,43

pP-3142-1, P,R.-21

P-3459, Vv=-2,44

P-3530-40, V-3,45

P-3662, P.R.,-21
Diatomacecus—-earth ceramic, IV~6,10]
Dibutyl sebacate, IV-52
Dichloronaphthalenes, mixture of the

1,2-, 1,4~, andl,S5~isomers, IV-58

Dichloropentanes Nos. 14 and 40, IV-63

2,5-Dichlorostyrene, IV-64

DI-CUP, P.R,-196

Riiaopropyl biphenyl, V~19

Dielectene" 100, IV-21

"Dilecto" (hot punching) XXX-P-26,
1v-19; v-80-81

"bilecto" ("Mecoboard"), IV-18;
v-82,83

"Dilecto" GB-112S, IV-27

"Dilecto" GE-112T, 1V-31,32; V-104

"Dilecto’ GB-116E and GB-126E, V-14

"Dilecto" GB~181E, V-14,114

"Dilecto" GB~261S, IV-26; V-93

"Dilecto" GM-1, V-8,88

"Dilecto" GM-PE, V-12,108

Dinitrobengene, VI-77

Dioctalphalate, 9-38

Dioctyl sebacate, IV-62

Diphenyl, see biphenyl

Dodge Industries, Inc., P.R.-167

Dodge Industries FLUORGLEL E 650/2-1200,

P.R.~167

Dow Chemical Co., IV=36-42,46,64,117;

V-91; P.R.-194
Dow Chemicel "Dowtherw’ A, P.R.-194

Dow Cogning Covp., IV-26,27,4),42,54,

55,66,67,1263 v-9,20,94,95;
Vi=-52-57; P.R,~1068; 5-26-28
Dow Corning fluids
200 and 540, IV-66
550 and 710, IY-&7
Pow Corning maldxng camponnd 308,
PR, 168
Dow Cornfiag Yesing
9% wnd 2101, wi
2103, xv~36~z
21515, V"‘g 1Y Q‘O
2106, V-9, 9%1G1y ¥I-57
R=TLALp VI~56
R-7501, Vi~52,33
Re7323, ¥WI«34,388
£-12548, XR-43117, 8-28

Dow Corning Silastics
120, 125, 150, 15z, 160, 167, 180, I
181 and 250, IV-54,126
6167, IV-55,126
6181, X4342, IV-55
E-1600 140; 8-27
XF6620, IV-55; V=20
X6734 and 7181, 1IV-55
RTV 501, 521, 1602, 5350, S-6538,
P.R,-168
Dow Corning "Styrofoam' FR, 8-26
Dow Corning "Sylgard" 182, 184, and
DC-92.007, P.KR,.-168
"Sylgard" 188, 8-27
Dow C-244, IV-36
Dow experimental plastic Q-166, Q-166 +
fiberglas, Q-200,5, Iv-39
Dow experimental plastic Q-247.1, IV-36
Q-344, IV-40
Q-406, IV-37,117
Q~40%, 1V-42
Q-475.5, 1V-40
Q-764,6 and Q~767.2, IV-37
Q-817.1, 1v-37,117
"Dowtherm" A, P.R.-194
Dupont, E.I. de Nemours & Co.
Electrochemicals Dept., IV~33,64
Film Dept., V-9,13,92; 8-28
Organic Chemicals Dept. (Elastomers
Div.), IV-53; P.R.-194
Photo Products Dept., V-13,109
Pigments Dept., IV-4
Plastics Dept., P.R.-169~171,173,174
¥-28-30
Polychemicals Dept., IV-23,25,27,32,
34,35,58,113; Vv-10,89; VI-58
Textile Fibers Dept., V-8,10,12,14,1
P.R,~172; 8-28
Flyorinated ethers, Organic Chemical
Dept., P.R.-194
"VITON," Organic Chemicals Dept., 8-
"B £4lm, Plastics Dept., P.R.=169-}
“"Kapton," 500 B film, Plastics Dept.
P.R.-171
Nomex honeycomba, Textile Fibers Dep
P.R.-172; 8-28,44,42
"Teflon'" FEP, TFE, T-100, 100X, %033
TEF-7, TFE~6c¢, Tedlar, TFE-74,
Teflon R PFA TE 9704, FEP 100, Pl
Dapt., Chestnut Run Lab,, IV-32;
Vi-58; P.R.=173,174; 8§-28-30
MDuramic"” RT-960, 8-1
"Durez" 1601, natural, IV-l7
“"Dures" 11863, 1v-20




Durez Plastics, Div., Hooker Electro-
chemical Co,, IV~17,20

"Durite" No. 500, IV-17

"purite" No, 221X, Iv-19

Durite Plastics, Inc., now the
Borden Co., IV-17,19

"Duroid" (1" thick sheet), P.R.-184

"Duroid” 5650, VI-59-61

"Duroid" 5850, VI-62-64

Dynasil Corp, of America, P.R.-84,96;
8-12; 9-28

Dynasil 4000 glass, P.R.-84; 8-12;
9-28

Dynasil slip-cast, P.R.=-96

East Coast Aeronautlcs, Inc., V-11

Eastman Kodak Co., IV~15,62;
P.R.~67; 8-7,8,11,22,23; 9-36,37

"Ecco' L65, V-11

"Eccofoam'" FH, Emerson & Cuming,
P.R.~176

"Eccofran' GL, V-8

"Eccofoam™ HiK (1000°F), V-7

"Eccofoam’ HiK (500°F), V-14,115

"Eccofoam’ PS, V-10

"Eccogel" 1265, Emerson & Cuming,
P.R.-176

"Eccosorb"” HFX122, V-13,237

"Eccosord' HFX123, V-13,238

"Eccosorb" HF155, HF680, HF853,
HF1000, HF2050, V-13

"Eccosorb” MFL1Q, MF112, MFil4,
and MF116, V~15

"Eccosorb" MF117, V-15,242

Eggwhite, P.R,-202

ERONOL (polyester resin), P.R.-166

Electronic Mechardicas, Imc., IV-13,108

Elactronized Chemicals Corp., B.R.~175

Electronized Chemical "Polygulde,"
P.R.,=175

Ewerson & Cuming, V-7,8,10,11,13«15,
115,237,238,242; P.R.~175-176;
9-37,38

Emerson § Cuming A-19 gttenustor
matarial, P.R.-175

Enmerson & Cuming carbon foam
agbsorber, 9«33

Emerson & Cuming
“"Eecofoam" FH, P.R.=176
"Eecofoan" GL, V-8
"Becofoan' HEX (10009F), V-7
"Becofosm” HIK (5009F), V-14,115
YEccofoan” P§, V-10

Ezerson & Cuming “Eccogal” 1265,
Pc Ro"l76
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Emerson & Cuming ferrites; 8-6

Emerson & Cuming silicone rubber
absorbers, 9-37

Emerson & Cuming Stycast 2651-4C, RQ,
8-40

Elastomers, IV-51-55; V~127-129

Electronic Space Systems Corp., 8-31

"Elvacet" 424-900, IV-33

"Elvanol" 51A-05, 50A-42, 70A~05,
724~05, 72A-51, 1Iv-33

Engineering Research and Dev. Lab., see
U.S. Army Eng. Rea, and Dev, Lab,

Enjay Co.,, Inc., IV-28,39,50

"Ensclite" M22240, M22239, 3036, IV-31

"Epon" Resin RN-48, IV-50

"Epon' 828, V-16,116-125; VI-68~75;
P.R,~-186,187

"Epon" X~131, V-16; VI-74-76

Epoxy resinsg, IV-49,50,125; V-14-16,
114,126; VI-67-76; P.R.~180; 9-32

Epoxy laminates with
"Dacron," V-14
"Fiberglas," IV-50; V-14,16,22,114,

124,125; ViI-57,72-76; 8-44; 9-35,36

"Nylom," V-14
"Orlon," V-14

E Resin, IV-50

Esso Laboratories, see Enjay Co., P.R.-155

"Esscolan" VoT, 8-31

Esso "Teresso" oil, V-78; P,R.-195

"Estawax,"” IV-57

Ethers, fluorinated, P.R.-194

"Ethocel"” LTS, IV-25,115; v-91

Ethyl alcohol, IV-t2

Ethyl celluloge, IV-25,115; V-51

Ethylene Chemlcal Corp., V-10

Ethylene Glycol, IV-62

Ethylpolychlorobensene, (V-84

"Ferramic" A, V~159,191,220

"Farramic" B, V-160,192,221

"Ferramic" C, V-161,193,222

"Ferramic" D, V-162,194,223

"Fervamic” E, V-163,195,224

"Ferramic" G, V-164,196,225

"Fervamic" H-1, V~4,166,198

"Perramic" H, V-165,197,226

"Perrvamic" I, V-167,227

"Ferremic" J, V~168,199,228

"Ferranic" K, V-169,229

"Ferramie" N, V=200

"Fervamic" Q (rec'd Dec. 1953), V«170,230

"Perramic" Q (vec'd Aug. 1954), V~171,
201,231

“Ferrvemic" Qy, VI-i2,33

"Ferranic" Q=3, P.R.~150
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"Ferramic" R-1, R-4, R-5, R-6,P.R,-150

"Ferramic" MF874, V-172,202

"Ferramic" 1118, V-173,232

"Ferramic" 13268, V-174,203

"Ferramic" 1331, V-175,204,233

“Ferramic" 3308, P.R.-150

"Ferramic" 3310 (experimental),
V-176; P.R.-150

"Ferramic" 3321, P.R.-130

"Ferramic" 3330, P.R.-150

Ferrites and garnets, IV-7; V-4,54,
133-204,206~233; VI-28-33;
P.R.-150; 8-6

"Ferrotron" 119, V-17,205,244

"Ferrotron" 308, 309, v-18

Ferroxcube Corp., of America, V-4

"Ferroxcube" 105, V-4

"Fiberfrax" board, V-6,78; VI-46,47

"Fiberglas" laminates, IV-16,18,22,
25~27,31,32,47-50,68; v~-8-11,
13,14,16,22,86-88,93-95,98-101,
104; VI-56,57; P.R,~189-190;
9-32,33,35,36,38, 40, 43

“Fiberglas" see E glass, Owens-
Corning X994 laminates or resin

Fiber samples, 8-13-18,28

"Fibestos" 2050TVA C-1686, IV-24

Films, see trade anmes as Croner,
Mylar, Kapton, Quantum tape,
ete., or chemical name

Filtered Resin Preducts, Inc., IV-56

Fir plywood, P,R,-193

Flost glasa, PPG, 8~20

Fluorglas laminate, 9-33

Fluorinated ethers, P.R,-194

Fluorcarbon derivative P-1C, P.R.-194

FLUORGLAS E 650/2~1200, P.R,-167
“"Fluorsint" (1960), P.R.-179;
(1873), 8-35
FM film, black, %-32
Foam, alkyd diisocyanate,
chlorinated, IV-24
apory, V~14
polyimide, P,R.-~178
polystyrena, IV-37; P,R.-i88
polymethana, P,R.~179,188
"Posmglas," IV-11
Forpaldehyde reeins
aniline, IV-21
benzoguananine, IV-23
cresol, IV-18,19,68,70
selamdine, IV-21,22,112
phenol, IV<15-19,169~111; V-30-87
phenolsniline, IV~20
urea, V=23

X ]

Formica Co., The, IV-17,20,21,25,46,47
"Formica" FF-41 (sheet, rod stock),
IV-21,68
"Formica' FF-55, IV-21,69
"Formica" G7, G6, IV-25
"Formica' Grade MF-66, IV-20,68
"Formica" XX, LE, IV-17,68
"Formica" YN-25, IV-17
"Formica" 265, IV=46
"Formica" 280, IV-47
"Formvar," Type E, IV-34
“Forticel” No. 28102, IV-25; V=90
"Forticel" JLB-(H), V-9
"Forticel" JMB-(M), V-9
"Fortiflex A, V-10
Fortin, 9-35
"Fotoceram' (843 GU) and (843 GZ),
V-5; VI-4Q,41
"Fotoform" B(843 GU), V-5; VI-38,39
"Fractol" A, IV-66
Frenchtown Porcelain Co., IV-6; V-3,
48,49; P.R,-21
Frenchtown alumina
4462, IV-6: V-3,48
6096, V-3,48
7225, P.R,«21
7873, V-3,49
Fullers earth, Foxboro, P.R.-141
Furfuraldehyde resin, phencl, IV-19
Fused quartz, IV-11,104; v-72,73;
P.R.-85-87

"Gafite" cast polymer, IV-34

Gasoline, aviation, 100 and 91 octene,
1V-65

General Aniline uand Fila Corp., IV-34,46

Gensral Cable Corp., IV-32

General Ceramics Co., IV-4,8,83; v-3,4,
54,53,159~576,191-204,220~233;
Vi-32,33; P.R.-150,152,186,177

Geneval Ceramics ADH~211, V-3
BM3-54, V-4,55
7292, 1V~4, V-S3

Genergl Cersmics “Ferramics," see
"Ferrvanics"

General Eleciric Co., IV=63-65
Chemical Materials Dept., IV-48
Electronic Components Div., IV-13,

106,107; P.R,~22-29,73,153,154

Lamp Ddv,, IV-11,104; V~72,73

Plactics Dept., IV-50; 8-32,33

Silicone Products Dept., IV-55; P.R.~85-
87,176,177

Geaeral Electric fused quartz, Type 101,
IV-11,104; v-72,73




General Electric Isomica 4950, P.R,-153
General Electric "Lexan," P.R.-177
General Electric F-118, F-202 magnesium
orthosilicate, P.R.-73
General Electric Mycalex, P.R.,-153,154
General Electric silicone rubber
RTV-11, P.R.-176
SE900, P.R.-177
General Electric silicone nitride
compounds 128, 129, 9-30
General Electric uranium oxide powder,
9-31
General Mills, Inc., IV-23
Geon 2046, 80365, 80384, IV-29
Gilsonite, IV-56
Glass, alakline lead silicate, IV-ll
Glass, alkali-silica, IV-12,105;
P.R.~93, see also mixed silicate
glass and various glaes mfgrs.
Glass, aluminum borosilicate, IV-10
aluminum zinc-phosphate, IV=$
barium borosilicate, IV-10
borosilicate, IV-9,101
Glass, Dynasil 4000, P.R.-84; 8-12
"E," IV-11
General Electric 101, clear, P.R.-85-87
iron~gealing, IV-9,102
Glass, lead-barium, IV-9
lime~alumina-silicate, IV-9
low alkali, potash-lithia-borosilicate,
1V-10,102; v-62,63
mixed silicate, P.R,~89-94
phoaphate 2043x, 2279x, IV-9
potash-lead silicate, IV-9
potagh-soda barium silicate, IV-9
ailica, IV-10,103; v-64; P.R,~-82-88
scda~borosilicate, IV-9,10
poda-lead-~borogilicate, IV-10
goda-lime~-silicate, 1IV-9,11
woda-potash-boroeilicats, IV-9
soda-potash-lead-silicate, IV-9
soda~potash-lithia~borosilicate, IV-10
soda-pilica, 1v=-11
soda-gilicate, P.R.~93
Glass, "Spectrosil" A, P,R,-88
"Spectrosil” B, P.R.-83
"Vitreosil," optical Grade, P.R.-88
"Vitreosil," commercisl grade, P.R.-88
Cless ceranic 9606, VI~42,43; P.R.-149
Glsse Lamicoid No, 6038, Iv-21,70
Slass and mice, IV-13,69,106-108;
PoRa*lSS“lSS
flaes powder and plastic mixtures,
IV=41,42
Glasges, IV«9-12,101-105; V-5,6,62-73;
Vi-35~-43; P.R.-82-94; 8-20,21

Sé¢
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Glastic Corp., IV-47,49; 9-38
"Glastic" GF, MM, MP and A-2, IV-49
"Glastic" S and MF, IV-47
"Glastic" G-200, TSF, UTR, 9-38
"Glastron" rope, 8-26
"Glastrate" (0-C Fiberglas), 8-42
Glyco Products Co., IV-56,59
"Glyptol" No. 1201 (red), IV-48
Goodrich, B.F.,, Chemical Co., IV-29,30
Goodyear Aircraft Corp., IV-48; V-8,9,
84-87,96-101
Goodyear Tire and Rubber Co., Plastics
Dept., IV-40,51,52
Grace polyvinyl chlorides, 9-38
Granite, Quincy, P.R,-138
Virginia, P,R.-138
Grease, Dow Corning, No, 4, IV-67
high vacuum, V-20
Grease, "KEL-F" No, 40, IV-63
Green Refractories, cements, 8-3
Greenstone, Virginia, P.R.-139
GR~-I (butyl rubber) and compound, IV-52
GS-S (Buna S) and compounds, IV-51
Gulf 0il Corp., I%-58; VI-84,85
Gulf 303 oil, VI-B4,85
Gutta-percha, IV-51
Gypsum board, 8-23

Hafnium oxide, multicrystalline,
Zircoa, P.R.=~64
Halite, P.R,-13%
"Halowax" No. 1001, 1V=~57
No. 11-314, IV-58
041 1000, IV-64
Harbison-Walker cements, 8-3
Hardman, H.V., Co., Inc., IV-49,51
Harshaw Chemicsl Co., The, IV-1,2;
v-~1,30 :
Hartwell, N. H. and Song, Inc., V=10
Hatco, Hatcol 101, 9-38
Haveg Induastries, Inc., Taunton Div.,
P.R.~153
"Havelex" zlasas-bonded micas:
Types 1080, 1090, 1101, 2101, 2103,
2801, 2803, P.R.-153
Hawaisn soil, P.K.-141,142
Haynes Stellite, Div, of Union Lairbide
snd Carbon, P.R.-101
Haptacosafluorotributyl, IV-63
Haptans, IV-62
Hercules Powier Co., Inc,, IV-23;
V~163 P-Ro‘lgé
Hatcules DI-CUP, dicunyl peroxide,
?.Ra-lgﬁ
VUL-CUP, a&,al-bis(e~butyl paroxy) di-
isopropylbansens, P.R,-196
K‘fcynit.; 9«30
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Hexachlorobutadiene, IV-~62
Hexamethyllene-adipamide polymer,
1v-23,113
Hexane, V-19
"H"-film, P,R,-169-171
Honeycomb laminates, P.R.-172; 8-41
Hood Rubber Co., IV-22
Hooker Electrochemical Co,, IV-62; V-13
Hooker 324, V-13
Houghton Labs,, Ine,, IV-50; V-15,16,126
Hunson, C, W., V-7
"Hycar" OR '"Cell-t{ite," IV-52
Hydrocarbon polymer, crogs—-linked, IV-50
Hydrocarbona, petroleum, IV-65-66;
Vi-84,85
12-hydroxystearin, IV-58
"Hysol" 6000 and 6020, IV-50
6000 HD, V-15,126
6030~8, Vv-15
XL-6060, V-15
XL-6080, V-16
"Hy-tuf" laminate Grade GF181, IV-50

Ice, IV-1; P.R.-145-147

Ignition sealing compound No. &4, IV-67

Instant coffee, powder, P.R.-202

Instant tea, powder, P.R,=-202

International Pipe & Ceramic, P.R.-30,72

International Pipe & Ceramic alunmina,
P.R,-30

Internationa Pipe & Ceramic steatite,
P.R.~72

Iron and plastic mixtures, IV-43,44;
V=243

Iron-manganese oxide and plastic
nixturea, IV-45

IRTRAN 1, Kodak maguesium fluoride,
8-7,8

IRTRAN 2, Kodak zinc sulfide, 8+23

IRTRAN &4, Kodak rinc eelenide, 8-22

IRTRAN 5, Kedak HgO multicrystal,
P.R,~67; 8-11

IRTRAN 6, Kodak cadmium telluride, 8-6

Irvington tape, V-17

Irvington varnish and Insulator Co., V=17

isobutylena=-{goprene copolyner, IV-52

Ysocysanate SP-52, 9-39

Isomica 4950, Geneval Electric, P.R.-153

Jot fuels JP-1, JP-3, IV-65; JP=4, V-19
Johns-Manville, IV-13; P,R.-158

¥siser Refractorvies, cemeat, 8-3
“Yapton," P.R.-171

Kearfott alumina, V-3,46,47; Vi-18,19
Ksarfott Co., Ingc., V-3,46,47; VI-18,19
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Kearney, James R., Corp,, IV-52
"Kel-F," IV-31
"Kel-F" Alkanes 464, 695, V-18
8126, 10157, 12188, v-19
Grade 300 and 300-P25, IV-31,116
X200, v-10,102,103
Grease No, 40, IV-63
oil, Grade No., 1 and No. 3, IV-53
oil, Grade No. 10, IV-63, V-130,131
wax No. 150, Iv-58
Kellogg, M. W., Co., The, IV-31,58,
63,116; v-10,18,19,102,103,130,131
Kennecott Copper, P.R.-191; 9-31
Kerosene, IV-65
"Kevlar," 8-46
Knox Porcelain Corp., IV-6,100
Kodak Co., see Eastman Kodak Co.
Kodak IRTRAN 1, 8-7,8
IRTRAN 2, 8-23
IRTRAN 4, 8-22
IRTRAN 5, 8-11
IRTRAN 6, 8-6
"Koroseal" 5CS-243, IV-30
"Kralastic" BE, BM, D, EBMU, F, 1V-53
KRS-5, IV-2,76
KRS=6, IV-2,75
Kuhne~Libby Co.,; IV-57

"Laminac" 4115, IV-46,120
4-205, 1V-46,121
"Laminac" 4232, V-106,107
PDL7-627 and PDL7-650, 1V-46,120
Laminate BD-44 and BK 174, IV-47,48
Laminated Plastica, Inc., see Glastic
Corporation
Laminate Grade Gll, 8-36
Laninates and impregnated batts, see
filler or resin:
Asbeatos-filled plastics
"Dacron"-filled plastics
Epoxy laminates
"Fiberglas" laminates
Melamine GMG
"Nylon''-filled plastics
"Orlon'"'-filled plastics
Paper laminates
Phenolic resin plus fillexs
Polyester rasin plua fillers
Polyetyrene plus flllers
S4licone resin plus fillers
Lencaster Glass Co., P.R.-89-92
Laucaster wixed silicate glasses,
7352, 7357, L1957, L9100, P.R,-83-92
Lanthanun aluzinate, esingle crystal,
National Lead, ?.R.-65
Lava, V=21,75




Lead bromide, single crystal, MIT,
Crystal Phys. Lab., P.R.-66

Lead chloride, P.R.-66

Lead chloride/lead bromide, P.R.-66

Leather, sole, IV-60

"Lexan," General Electric, P.R.-177

Limestone, P.R.-139

Limonite, P.,R.-135

Linde Air Products Co., The,
iv-1,2,72,77; V-1,26-28;
vi-2,6; P.,R.-2,3,62

Liquids, aliphatic, IV-6Z,63;
v-18,19,130,131
arcmatic, IV-63,64; V-19; V1-78-83;
see Table of Contents of the P.R.
inorganic, IV-61; V-18
organiec, IV-62-67; V-18,19,20;

V1-78-87; see Table of Contenta
of the P.R.

Liquids, petroleum, IV-65,66; VI-84,85;
P,R.-195
silicone, IV-66,67; V-20; VI-86,87

Lithium fluorine, IV-1

Lithium-nickel ferrite, V-137,178

Litton Industries, P.R.-117

"Loaglin," IV~36

Lovell Chemical Co., IV-57,58; V-16

"Lucalox," General Electric, P.R.=-23,24

Lucent Products T.td,, VI-66

"Lucidol," P.R.-196

"Lucite" HC 202, V-10

"Lucite" 1M-119 and BM-140, IV-34,70

"Lucite," sintared, IV-34

"Lucoflex," IV-30

Lucoflex Plastic Fabricating, Iac.,
=30

"Lumarith" XPFA-H4 and 22361, Iv-24,
25,70

Lunar rocks, Apollo 1l and 12, P.R.-139

"Lupergol" 101, P.R.-197

"Lupersol” 130, P.R.-196

"Lustrex" loaded glass mat, IV-41

3~M Company, IV-63; ¥-16,17,22; VI-67;
P.R.~-178

"3'“" bo‘rd. poRa“l?B

3-M "Scotcheast" 221, P.R.-178

Maguesia
Kodak IRTRAN 5, P.R,-67; 8-11
MIT, LIR, P.R,-68,69
Hinneapolis Honeyweli, P.R.-70,71

Magnusits, P.R.-135

Magnesiun aluminate (spinel), eingle
crystal, Union Carbide, ?.R.-66
hot-pressed, Coors, 8~12
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Magnesium-aluminum gilicate
(cordierite), multicrystalline,
Raytheon, P,R.-67

Magnesium carbonate, pressed powder,
P.R.=67

Magnesium ferrite {MIT samples), V-138,
179,207

Magnesium fluoride, IRTRAN 1, 8-7,8

Magnesium-manganese ferrite (MIT
samples), V-139,140,180,181,208

Magnesium-manganese-zinc ferrite (MIT
samples), V~141,182

Magnesium wanganite, V-4, 54

Magnesium metasilicate, steatite fired
to clinoensteatite, multicrystalline,
Bell Telephone Labs, F-66, P,R.-72
Intern, Pipe & Ceramic TC503, P.R.-72

Magnesium orthoesilicate, multieryst.,
General Electric F~-118, P,R.-73
F-200, P,R,~73

Magnesium orthosilicate, Steatit-Magnesia
A.G. Frequenta M, P,R.-74

Magnesium oxide, IV-1l; V=29; P.R.-67-71;
8~11
Norton, single crystal, IV-1; V-29;

P.R.-68
Single crystals, Univ. of Colorado
and MIT, 8-8,9,10

Magnesium silicate, IV~-3,78-82; VI-34

Magnesium titanate and plastic mixture,

IIV-43

Magnetite and plastic mixtures, IV-44,45

Mellinckrodt Chemical Works, IV-44,
45,61,62

Manganese fluoride, single crystal,
Columbia Univ., P.R,~75

Manganese-magnesium ferrite (MIT
samples, Vv-139,140,180,181,208

Manganese-magnesium-zinc ferrite (MIT
samples), V-141,182

Marble §-303, 1V-13

Marbon, Chemical Div., of Borg-Warney
Corp., IV-38

*Marbon" S Buna S havdboard, IV-52

"Marbon" § (Code 7206), 8-1 (Code 7253),
8000 and 9200, IV-38

Marco Chamicals, Inc., now Celanese
Corp. of Awerica, IV-47

Marco Reain, 'MR"-21C, "MR"-23C, and
"MR"-25C, IV-47

"Harcol," IV-65

Marinice, P.R.~193

Markite Co., V-22,235,236

“Markice" 3985, V22,235

"Markite" 12812, V-2%,236




"Marlex" 50, V-10
Martin Co., The, VI-57
Mass, loams, P.R.-143
Magsachusetts Institute of Technology,
Bio-Madical Dept., 8-33
Cryogenic Engineering Lab,, V-18
Crystal Physics Lab.,, P.R,~-38,39,
59,63,66,77,78,103-105,106,107,
109
Laboratory for Insulation Research,
1v-1,2,5,11,12,26,37,41-46,62,
64,105; v-1,133-136,138,139,
142-158,177,179,180,183-190,
206~216,239,240,243; P,R.-44,61,
63,69,93,102,110-114,115,116
Lincoln Laboratory, V-140,141,175,
178,181,182; vI-30,31
Materials Science Department, 9-30
Mechanical Engineering Department,
9--39,40
Metallurgy Department, P.R.-60;
§~8,9,10
National Magnet Laboratory (now
Francis Bitter Natl. Hagnet
Lab.), P.R,-192
Research Laboratory for Elec~-
tronics, 9-30
National Magnet Laboratory (now
Francis Bitter Natl. Magnet
Lab,), P.R.,-192
Regearch Laboratory for Electroaics,
9-30
Matheeon, 9-25
Mathieson Chemical Corp., see Olin
Mathieson
Mathieson Plastic CY-8 and CQ~10DX,
V=41
MacDonnell Douglas, 9-25
Meat, IV-60; P.R,-199
"Mecoboard,"” 1V-18; v-82-83
Melamine~formaldehyde resius,
1v-21,22,112; v-8,88
Melamine GHG, IV-21,70
"Melmac" 7278 + "E" glasa, 1V-22
"Melmac' molding cowmpound 1500,
1502, 1v-22,112
"Melwmac: resin 592, Iv-21
"Melmac” Type 1077 (Ivory W8 48),
V=21
Mercury compounds, hot~pressed
mercurous chloride, P.R.~76
mercuric fodide, P.R.-76
sercuric euifide, P.R.~76
Hate~dinitrobenzens, VI~77
Hethacrylate resins, IV-34,3%
“Mathocel,” IV-25
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Methyl alcohol, IV-62

Methyl cellulose, IV-25

Methylstyrene polymer, VI-65

Methylstyrene-gtyrene copolymer, IV-39

Mica, Canadian, IV-13

Mica, glass-bonded, IV-13,69,106~108;
P,R,~153-155

Mica, rxuby, IV-13

Mica and glass, IV-13,69,106-108; v-7,79

Mica~filled plastics, IV-16,17,18,20;
V-7

"Micaramic," V-7

"Micarta" No. 254, IV-18

"Micarta" No., 259, 1V-22,68

"Micarta" No. 299, IV-19,68

"Micarta" No. 496, IV-18,68,70

Mica Insulator Co., IV-21

"Millimar," IV-56

Minneapolis-Honeywell Regulator Co.,
P.R,~31,70,71

Minneapolis-Honeywell magnesium oxide,
cevamic, P.R,~-70,71

Minnesota Mining and Mfg. Co., now
3-M Co., IV-63; V-16,17,22; Vi-67;
P.R.~178

Minnesota Mining and Mfg, EC-612, V-17

Minol A, 9-41

"Missileon," V-17

Mitchell-Rand Ingulation Co., Inc.,
1V=57-59

Molding compounds, XM-3, IV-20
301, v-9,%; P,R,-168

“Moly-Sulfide," VI-45

Monoigopropyl biphenyl, V-19

Monsanto Chamical Co., IV-15,18,20,22,
24,30,36,37,41-45,63,64; V-11,19;
Vi-78-83; P.R.-178; 8-34

Monsanto 1-800 polymer, 8«34

Monganto 08=-45, 03-59, and 08-82, V=19

Monsanto polyimide foaw, P.R.-178

"Moplen" 004 polypropylene, 8-235

Moree, Herbert B., and Co,, V-18,17

Hﬁrse 260; V-lﬁ
280, 300, 400, 5060-C, and 6062, V-17

Mullet odl, P.R,~i97

Mullive, V-~3; hot-pressed, B-2

Hultiferu glees, Corning, P.R.-%6

Muscovite, IV-13

Mycalar Covp. of dmarice, IV-13; V-7,79;
P.Re=153-155; 9-34

"Mycalex" 400, IV-13,69

“Nycalex" 410, 500, 555, 560, 620,
P.R.“153“155

"Mycalex" 1100, 9-31

"Nycsles" 2821, 1v-13,106,107

"Mykroy' Grade J sud 38, 1v-13,108

"Mylaz" 4, V=13




Napnthalene, IV-15

Naphthalene, chloro-, IV-64

Narmco Kesins and Coatings Co., V-8

National Beryllia '"Carberlox,' P.R.-80

National Beryllia Corp., P.R.=-31,41,
80; 8-4; 9-25,26

National Beryllia high-purity BeP,
P.K.-41

National Carbon Co., Inc., V-18;
Vi-48-51; P.R.~4,50,51,54-57,66,
101, 189; now Div, of Union Carbide
and Carbon

National Lead, P.R,-65

Naticnal Lead LaAlOj single crysteal,
P.R.~65

National Research Corp., V-3

Naugatuck Chemical, Div, of U.S.
Rubber Co., IV-47,53

Naugatuck Laminating Resin MP and
MT, IV~47

Neoprene GN and compound, IV-53

Neptunite, P,R.-129

Niox polyol, 9-39

"Niberlox" 5, 20, 100, 8-4; §-25,26

Nickel ferrite (MIT samples), V~133-
135,142,143,183,209

Nickel-lithium ferrite (MIT samples),
V-137,178

Nickel oxide, single crystal, P.R.-49

Nickel-zinc fervite (MIT samples},
V-1644-157,184-190,210-216

Nitrobenzenas, IV-64

Nitrobenzene, meta-di, VI-77

Nitrogen, gas, V-20

Nitrogea, liquid, V-18

Nitrous oxide gas, V-20

"Nomex" honeycombs, P.R.-172; 8-41

"Nomax" falt, 8-42

Nopco Chemfcsal Corp., P.R.-170

Nopcp Chemical polyurethane foam,
P . Ro "179

Rorth American Aviatiom Co.,
P.R=42,43,100

Worch American Aviation gilicon
nitride, pyrolytic, P,R.-100

North American Aviation trana~
lucent Be0, P.R.~42,43

Nortoa Co., IV~l,8; V=3,29,49;
P.R,~31,68

Rorton 99,53 Alj04, P.R.-31

Norton 7X, V-3,49

Nortown 172, V-3

Norton Mgd eingle crystal, P.R.-68

“Noryl" GPN3, SB-l, oE~1-802,
8~32,33

Novamont Corp.

"Nylon" 66 and 610, 1V-23

"Nylon" FM 10, 001, 1V-23,113; V-89

“Nylon''-filled plastics, IV-17;
v-8,12,14,82,83

011, HB-40, IV-63

0ils, petroleum, IV-65,66; V-19; VI-84,85

0lin Mathieson Chemical Corp., IV-41; V-20

"Opalwax," IV-58

"Orlon''-filled plastics, V-8,10,12,14

Owens Corning CR~262, 57M, EA63, EAT3,
X600, V-6

Owena~Corning Fiberglas Corp., IV-11,16,
22,47,48; v-6,8,13; P.R,-93

Owens-I1linois Glass Co,, P.R.,-93

Owena~-Illinois EE9, EE10, mixed silicate
glass, P,R,~93

"Ozokerite," 1V-58

Panelyte, Grade 140 and 776, IV-17,22

Paper, Kraft, V-18
Royalgrey, 1V-60

Paper lsminates, IV-17,19,21023,46; V-80

Paraffin, natural, IV-58

Paraffin wax 1320 ASTM and 135C AMp, IV-58

"Paraplex" P13, IV-48,122

"Paraplex" P43, IV-48; Vv-12,111

"Parowax," IV-58

Particle boards, U.§. Plywood & Evans
Productg, P.R.-193

Pavement, see concrete or asphalt

“"Pelron" 9420, 9422, 9423, and 0424, V-1l

Peunsylvania Industrial Chemical Corp.,
1v-39,50

"Pennvernon’ glass, 8-20

Peanwalt Corp., P.R.-19%

Pennwalt "Lucidol," t-butyl perbenzoate,
P.R.~-196

Pennwalt "Lupersol" 130, 2,5-dimethyl~
2,5~di (t-butylperoxy) hexyne-3,

P.R.~196

"Penton," V-18

"parfluorodihexyl” ether, 1V-§3

"Perma€dil,"” 3258, IV-350

"Permo" potting compound, No.49 and No. SI,
No, 51, IV-49,51

Petroleum oils, IV-65,66; VI-84,85;
puRo-lg$

Phenol-aniline-formaldehyde resins, IV-20

Phenol~forualdahyde vesine, 1V-15-19,
109-111

Phenol=-furfurdahyde resin, IV-19

Phenolic, expeuded, V.19

Phenolic psper leminate JE-1410, IV-18
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Phenolic resin with asbestos,
v-8,84,85
with "Dacron," V-8
with "Fiberglas,”" v-8,86,87
with "Nylon," V-8
with "Orlon," V-8

Phenolic spheres, V-12

Phenolics, IV-15-20,109-111;
v-8,80-87

Philco-Ford Co., P.R.-97,98; 8-5,
14-18; 9-29,40

Philco-¥ord boron nitride yarn and
matrix, 8-5

Philco~Ford silica fiber composites,
1-XB-0-M, P,R.-98
AS-3DX-176~17, P.R.=-98; 9-29
AS-3DX, 8-14-18

Philips Chemical Co., V=10

Philips Petroleum Co., V=19; 9-40

"Phoresin," IV-48

Phosphate glasses, IV-9; P.R.-77

Plcatinny Arsenal, see U.S. War
Department

"Piccolastic" D-125, 1V-39

"Piccopale,' Resin, IV-50

Pine board, P,R,.-193

Pipestone, V-7

Pittsburgh Corniag Corp., IV-11;
v-13,19

Pittaburgh Plate Glass Co.,
P.R.-94; 8-20,21

Plaskon Div,, IV-22,23,47,49,123;
V-112,113

"Plaskon" 911, IV-47

"Plaskon' Alkyd 411, 420, 422, 440,
440A and %42, IV-49

"Plaskon" Alkyd Special, Electrical
Granular, IV-49,123; Vv-112,113

"Plaskon' melanine, IV-22

“Plagkon" uraa, natural and brown,
1v-23

"Plasticell," IV-31

Plastic Merals, Div, of Hational
U.S. Radiator Corp., IV-43,44

Plastics, Raytheou, P,R,-180

"Plast~Ivon" and plastic mixtures,
IV~43,44

Plate glaass, P.R,-94

Plax Cevp., V=35

“Plexigiass,” IV-34

"Plicena"” Cem nt, 1V~56

*Pliobond" ¥-)90-C, IV-52

"pliolite" sud “Pliolite” GR, IV~51

"pPliolire" 835, 53, S6B saud 56, IV-40

Plywood, birch, P.R.-193
fir, P,R.~193

Polaroid Corp., IV-35,37,40; V-11

Polaroid Resin C, IV=40

"Polectron'" No, 24, IV-46

"Policap," V-16

"Poiinel," IV-58

Polyaryl, 9-34 -

Polyamide resins, IV-23,113; v-8,12,14,
82,83,89

Polybutadiene, 8-44,46

Polybutene, IV-59

Polybutyl methacrylate, IV035

Poiy-2-chlorobutadiene-1,3, IV-53

Polychlorostyrenes, IV-41,42

Polychlorotrifluorcethylene, IV-31,58,63,
116; v-10,102,103 '

Polycyclohexyl methacrylate, IV-35

Polycyeclostyrense, V-1l

Polydiallyl phthalate, IV-48; 8-43

Poly-2,5~dichlorostyrene, IV-40,42,70

Poly-2,5~dichlorostyrene + fillers,
IV-42-45; V=243

Poly-3,4~-dichlorostyrene, IV-42

Polyesters, IV-48-48,120-123; v-11,12,
13,106-111; B-33,45; 9-34

Polyeater resin with "Dacrom," V-12,110

Polyester raesin with "Fiberglas,"
1v-47,48; Vv-12,13,22,106,107,108

Polyester reein with aluminum and
carbon, 8-33

Polyaster resin with "Nylon,'" V-12

Polyester resin with "Orlon," V-12

Polyester resin with phenolic spheres,
V12

Polyether, chlorinated, V-16

Polyather pulfonete, 8-47

Polyethylene, irvadiated, P.R.-161

Polyethylene, IV~27,28,70; V-10; P.R,-183

PFolyethyiene DE~34N1, U¥-27

Polyethylene (effect of milling), IV-28

Polyethyl methacrylate, IV-35

"Polygles" DY, IV-42

"Polyglas" M, 1V-22

"Palyglag” P+, IV-4)

"Polyglas" §, IV-26

"¥alyguide," P.R.~175

Polyimida film, 934

Polyiwide foam, P,R,-178

Polyimide laminate, 8-25

Polyiron attenuator, P.R,~167

Polyisobutylene, Run 5047-2, IV-28

Polyiscbutylene B-100 % Marben B, IV-28

Polyisobulylmathacxylate, IV-35




Polymer Corp., of Penansylvania, V-17,18,
205,244; V1-66; P,R.~179
Polymethyl methacrylate, IV-34,70; V-10
"Polypenco" Q-200, 5; VI-66
Polyphenylene sulfide, 9-4%0
Polyphenylquinoxaline, B~47
Polypropylene, Avisun Corp,, P.R.-162,
P.R.-162,163
Polypropylene, Novamon:t Corp., 8-35
Polypropylene, chlorinated, 9-40
Polysiloxane resin, IV-26,27; V-9;
VI-52-57
Polystyrene, IV-25-37,117
Polystyrene, caest in vacuo and cast
in air, IV-37
cross-linked, IV-39,40,119; V-11,
105; "'I1-66; P.R,~181-182; 8-32
hydrogenated, IV-46
o-methylstyrene, IV-37,117
Polystyrens + chlorinated diphenyl,
v-37
Polystyrene fibers Q-107, 1V-37
Polystyrene + fillers, IV-41;
Vv-10,239,240
Polystyrene foam, P,R,-188
Polystyrene foam ~103, IV-3?
Polysulfone, P.R,-189; 9-40
Polytetrailuoroethylene, IV-31-33,70;
V-10,104; VI-~58~64; P.R,-160,
173,174
Polytetrafluoroathylene tape, P.R.-166
"Polythene" A-3305, 1V-27,70
Polyirifluorostyrene, V-11
Polyurethane foams, Nopco, P.R.-179
Sipplcan, P.R,~188
Upjohn, 8=45
Polyurethane ropa, 8-26
Polyurethane sealsnt PF/N 596927,
8-39
Polyvinyl acetal, IV-34
Polyvinyl acetate, IV-33
Polyvinyl alcohol-geetatas, IV=-33
Polyvinyl butyral, IV-34
Poly-N-vinylcarbazole, IV-4d
Polyvinyl chloride 1006, 1018,
1216, 1406, Ww~174; W-175, and
w-176, Iv-30
Polyvinyl chloride -scetate, IV-28-31
Polyvinyl chloride~zcetate +
Plassticizer, IV-28,29
Polyvinyl chiorvides, IV-2§-31; V-10;
9-33,38
Polyvinylcyclcohexane, iV-4d
Polyvinyl formal, IV-34
Polyvinylidena & vinyl chlorides, IV-31

60

Polyvinylidene fluoride, AVCO,
P.R.~161

Poly-a-vinylnaphthalene, IV-46

Poly-2-vinylpyridine, IV-46

Polyvinyl resins, IV-27-46

Polyvinyltoldene, IV-37,117

Poly-p-xylylene, IV-37

Porcelain No. 4462, IV-6

Porcelains, 1V-6,94-100; v-2,3,5,
21,40,55-61

Porous Ceramic AF-497, IvV-6,101

Porous ceramics, see low-density
alumina, silica, silicatee

¥otassium bromide, IV-1l; 9-27
chloride, V-1
dihydrogen phosphate, 1V-1,73

Potato chips, P,F,-199

Potatoes, raw, P.R,-199

Potato starch, granular and gela
gelatinized, P.R.-200,201

"Primol"-D, IV-66

Proctor and Gable Co., IV=-60

n-Propyl alcohol, IV-62

“Pryastal," IV-17

"Pyralin," IV-25

"Pyranol' 1467, 1476, and 1478,
1V-63,64

"Pyrex,'" IV-10

"Pyroceram' 9606, VI-42; P.R.-149

"Pyvotex," V-8

Quantum, Inc., P.R.~180

Quantum Radar tape, P.R.-180

Quartz, fueed, IV-11,104; V-6,72,73;
P.R,-65-88

Quartz crystal, natural, P.R.-80,81

Quartez fiber, AS~3DX-1R, Philco~
Pord, P.R,~97; see also silicon

dioxide fibera

Quarcz ssnd, powder, P,R,-135

"Quinorgo" No. 000, IV-13

"Quinterra," IV-13

Radar tape, Quantum, Inc., P.R.-180
Raybestos-Hanhattan, Inc., V-8,9
Raytheou Mfg. Co., V-3; P.R.-32,52,
53,67,100,139,158,180; 8-18,21
Raytheon A)204, multicryetal, P.R.-32
boron nitride, pyrolytic, P.R.-54,53
magnesiun-aluminum eilicate
{cordisrite ceramic), P.R.-67
silicon nitride, ceramic, P.R.-120;
(-2}
Raytheon 4028, V-2
RCA, 9-40
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"Resimene" 803-A, IV-22

Resin (polyester), EKONCL, P.R.-166

Resinous Products Div., see Roha and
Haas Co.

"Reainox" 79334, IV-20

"Resinox" 10231, IV-18,109

"Resinox" 109G0, Iv-18,110

Resins, natural, IV-55,5G

Rex, Corp., IV-40; V-11,105

Rex, William Brand, Div. of American
Enka (now Brand-iex Co.),

P.R.-181-183

""Rexolene" P, P.R.-183

"Rexolite" 1422, IV-40; V-105;
P,R,-181

"Rexolite' 2101, V-1l

"Rexolite" 2200, P.R.-182

Rezolin, Inc., IV-19

"Rhyolite," P,K.-140

Robertson, H. H., Co., IV-48,123;
v-12,19 .

"Rocketon," V-17

Rocks, see Table of Contents of the
P.R.

Rogers Corp,, VI-59-64; P,R.-184,185

Rogers Corp. "Duroid" (1" thick
sheet), P.R.-184 *
"Duroid" 5870 (1964), P.R.~183

Rogers Paper Mfg. Co., IV=80

Roha and Haas Co., IV~30,34,48,
62,122; v-12,111

Ropas, plastic, 8-26

"Royslite" 149-11, #21982-1 and
422190, 1v-33

RTV~11, P,R.-17§, RTV=-30i, P.R,=-168;
8-36-39; RTIV-521, -1802, -5350,
§-6538, P.R,~178; RIV, B-42

Rubber, buryl (GR-1), IV~52

Rubber, cellular, IV-51

Rubber, cyclized, IV-51,52

Rubber, GR-5 (Buna S) and coupounds,
1V-52

Rubber, Hevea and compounds, IV=-51

Pubber, nstuvral; IV-51

Rubber, nitrile, IV-S3

Rubber, silicone, IV-54,55,126;
V-127-129; P.R.-177

Rubber Raserve Corp., IV~51,52

Rubidiun wanganese £luotide,
single crystal, MIT, Crystal

ph)?ﬂicﬂ “bi' ?oRe"‘éq

Butgers University, Schoos of
Cergnics, V-4 '

Rutgere' wallastonite &, Ve

mﬁtu.. IV-?..Q,"?'

"Rytron" R4, 9-40

8-40 and S-50 resins, IV-39
St. Regis Paper Co., Panelyte Division,
1v-17,22
Salty, granulated and fine flakes,
Raytheen, P.R.-158
Sand and resin mixtures, see epoxy,
g8ilicone, etc,
Sands
desert, P.R.-143
Hollisten, P.R.-144
MIT, Res. iab. Electronics, 9-30
guartz, P,R.-135
Slattersvville, P.R.-140
soil, IV-14
Sandstong, almond, P.R.-140
"Santicizer" 9, IV-15
Sapphive, iV-72; V-1,26-28; VI-2-6;
P, R.-2-4; 9-24
"Saran' B-115, IV-31
Sauereisen Cements Co., V-7
Sauvere¢isen Cement No. 1, V-7
"Scotchcast" 221, P,R.-178
"Scotchply" Type 1001, V-16
"Scotchply" Type 1002, V-22; V1-67
"Scotchply’ XPM-107, V-~22
"Scotch" tape No. 39, V-17
Seeling Wax, Red Express, IV~58
Sealing compound, V-17; 8-39
"Selectron” 5003 + glass, IV-47
"Selectron" 5084 mowomer, V-19
"Selectron” 5084 resin, V-13
Selenium, amorphoue, IV-13
Selenium, multicryatalline, IV-l
Service boards, John Manville's,
F.R.~158
Sharples Chemicals Div., Pemn. Salt
Mfg. Co., IV-63
Shawinigan Preducts Coxp., IV-34
Sheat glass, P.R.-94
Shellac, natural 2info, pure C garmet and
garnet dewaxed, IV-50
Shell Chewmical Corp,, IV=50; V-16,116-125;
Vi-68-76; P.R,~186,187
Shell Chewicel "Epon" 828 + PNDA epoxies,
P.R.~186,187
Shell Davelepmont Co,, TV=46-48
Sixil 041 Co., IV-56,58
“ilastise 120, 128, 194, )52, 160, 167,
18Q. IW54
I8, TW-34.138
50, IV-B4 128
18T, IVeES,128
6181, X4$343, IV-55
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Silastics (cont.)
XF6734, IV-55
7181, 1v-55
RTV-501, -521, -1602, -5350,
$~6538, P.R.~168
Silica, IV-11,103; v-70,71; P.R.-83,84;
8-1z; 9-28
S§ilica, slip-cast, Brunswick, P.R.-95
P.R.-95
Dynasil, P.R.-96
Silica fiber composites, P.R.-98,99;
8-13-18; 9-29
Silicate glasses, IV-9,11,101,102;
V-5,62-69; VI-35~43; P.R.-89-%4;
§-19-21; 9-29
Silicon, single crystal, intrinsic,
cuhic, MIT, Crystal Physics Leb.,
P.R.-78
Silicon, single crystal, undoped,
Brovn University, P.R.-78
Silicon carbide, multicrystailine,
Carborundum, P.R.~79
Silicon carbide with BeO, Natioual
Peryllia Corp., "Carberlox,” P.R.~80
Silicon dioxide, fused, IV-11,103;
v-70,71; P.R.-82~88
Silicon dioxide, natural quartz
nineral, Fort Monmouth, P.R.-80,81
Silicon dioxide, sintered, Brunswick
slip-cast, P.R,-95
Brunswick slip-cast with 2.53
CeaUg, P.R.-95
Corning Code 7941, P.R.-96
Corning multiform glass, P.R.-96
Silica slip-cest, Dynasil, P.R.-96
§ilicon dioxide fibers
Quartz fiber ssmple, Philco-Ford,
AS~3DX-1R, P.R,-97
Silica fibexr compogites, Fhilco-
Povd 1-XB~0-M, P.R.~98
55-3DX, P.P,-98; 8~14-18; 9-2-
Silica fiber coawmpooites,
whittaker Corp., P.R-99; 8-.3,
84204
Stitcs fiber, silicone coated,
Raythagn Co., 8-18
Silicen dioxide glasses
"Amerail" (clesr, trapslucaent),
P.R.~B2
Corning 7940, ¢ R.-85
Dynaedli 4000, P.R.-84; 9-28
G.E, 101, clear, P.R.-85-87
“Spactroslil" A, P.B.«38
“Spectrosil" B, P.R,-86
“Vitreosil," optical grsde, ¥.R.~-38

Silicone dioxide glasses (cont.)
"Virreosil," commercial grade. P,R.-88
Silicon dioxide, mixed silicate glasses,
see also Glass
Corning Lab, No, 119BUC, P.R.-89
Coruning Lab, Code 1723, P.R,-89
Lancaster 735-, 7357, L1957, L9100,
P.R.-89-92
Owens-Corning X004, P.R.-93
Owens~Illinois EE9 and EE10, P.R.-93
Pittsburgh Plate Glass Co., Plate
Glass, P.R.-94
Silicone nitride, cersmic
Admiralty Labs., P.R,-100
AFML, 8-22
G.E, 128-2, 129-1, 9-30
Raytheon, P,R.~-100; 8-21
Uniou Carbide & Carbon, P,R.-101
Silicon nitride + beryllium oxide, 8-4
S$ilicon nitride, pyrolytic, P.R.-100
Silicon nitride alloy, V-6,79
Siiicone &lloys C~1147 and C-1328, V-9
Silicone fluidse
DC XF=6620, V-20
SF96-40, IV-67; VI-86,87
SF96-100 and SF96-1000, IV-67
DC200 and DC50C, IV-66
DC550 and DC710, IV-67
Silicone glass lewinates, IV-26,27;
Vv-9,93-95,100,101; VI-56,57
Silicone grease, V-20
Silicons laminsta DC2105, V9,94
Silicone laminate DCZ106, v-9,95
Silicone laminates, 8-33
Silicone wolding compound XM-3, Iv-26
Silicone resin DC301, V-3,94
Silicone vesin DCYG6 and DL 2101, IV-26
Silicene vesins, IV-25-27; v-9;
VI~52-57; 8-28
Silicone resing wvith aasbestos, V=%, 96,97
Silicone resins with "Fiberglas,” ¥«93,
93-95,98-101; Vi-56,57
Silicone rubbar SE=450, IV-55; Vv-137
§E-555, 1V-55
SE900, P.R.-177
SB~977, IV-35; V-129
RTV~11, P,R.-176
S¢licone rubbeve, IV-54,85,186; v-1237-129;
P.R.=176=177; 9-37
Siificone varnish, TV-26; V-18
Silver {odide, prassed powler, MIT, Labk.
Ins. Rga., P.R,-102
Sintered silicon dioxide, P.R.-93,96
“Sintox, " V=3
8ippican Corp., Ths, P.R.~158,188,192; 6-43
Sippican polystyren: foam, P.R.-188



Sippican polyurethane foam, P.R.-188
Sippican service boards, P.R.-158
Saow, IV-1
Soap, IV-60
Socony Mobil 0il Co., Inc., IV-57,58
Formerly Socony-Vacuum 0il Co., Inc.
Soda siliicate glass, MIT, Lab. Ins,
Resa., P.R,-93
Sodism chloride, IV-2; P.R.-103
Sodium chloride, aqueous solutions,
IV-61
"Solithane" No, 1; J3-40
Southern Alkali Corp., IV-48
"Spectrosil" A, P.R.-88
"Spectrosil" B, P.R.-88
Sverry Gyroscope Co., V-18
Spinel, P.R,-66; 8-12
Spodumene, P.R,~130-13%
Sponge Rubber Products Co., IV-19,
31,52
Sprague Electric Co., IV-39
Spruce Pine Mica Co., V-7
Stanco Distributors, Inc., IV-65,66
Standard 0il Co. of N.J., IV-58
Standard 0il Development Co., see
Eniay Co., Inc.
Steak, beef, IV-60; P.R,-199
Steatite bodies, IV~3,4,78-87;
V~4,55-57; VI-34; P,R,~72-74
Steatite Body 7292, 1IV-4,83
Steatite Type 303, 400, 410, and
452, 1v-3,54-87
Steatit-Magnesia A.G., P,R,-32,74
Steatit-Magnesia A-18, P,R,.-32~33
Steatit-Magnesis Frequenta M, P.R.~-74
Sterling Vernish Co,, The, V-18
Sterling M50 varnish on paper, V-18
Strontium fluoride, eingle crystal,
MIT, Crystal Physics Lab., P.R.~1
P.R,~106,107
Strontium titanate, IV-5
Strontium titan..a and plastic
nixturas, IV-43
Stupakoff Ceramic and Mfg. Co.,
IV-6,101; ¥-3,4,50,51
Div, of the Carborundum Co,
Stupakoff 1510, Vv=3,51
1540, v-3,50
1542, V-3
15428, V-3,50
1550, v-4,50
"Seyeast" H4K, LoX and TPM-3, V=11
"Stycast' 2651-40%Q, 840
"Stypol" 1bB resin, IV=46,123; V-110
"Stypol" 16C veain, IV~48
"Stypol" 16D resin, 1V-48; V-1i
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"Styraloy" 22, IV-38

"Styremic” No, 18, IV-37

“Styramic" HT, IV-42,43

Styrene copolymers, crosslinked, IV-39,
40,119; v-11,105

Styrene copolymers, linear, Iv-38,39,
118,119

Styrene dimer, IV~64

Styrene N-100, dry and saturated with
water, IV-64

Styrene-acrylonitrile copolymer, IV-38,
53,118

"Styrofoan" 103.7, Iv-37

"styron" C-176, 411-A, 475, 666 and
671, 1IV-36

Suet, IV-60

Sulfur, crystslline, IV-2
sublimed, IV-2

"Supramica" 500; V-7,79
1100, 9-31

"Sylgard" 182, 184, D92,007, P,P.-168
188, 8-27

Syncor Products Co., V-6

Synthetic basslt, P.R.~139%

"Tam Ticon" B, BS,C, MC, and S, IY~4,5,43
"Tam Ticon" T-8, T-L, and T-M, IV-4
Tantalum oxide, ceremic, Ciba powder,
fired at Lah. Ins. Res., MIT, P.R,-108
Teylor Fibre Co., IV~18,27,111
Taylox Grade GGG, 1V-18,111
Grade GSC and GS5, IV-27
Tea, powder, P,R.~202
“Tedlar," 8-28
"Teflon," IV-31-33,70; V-24,104; Vi-58-64;
P.R,-173-174
"Teflon" 9033, P,R.~174
"Teflon" FEP (1963), P.R.-173
"Teflon" TFE (1964), P.R,-173
"Teflon" TEF-7 (1964), P.R.-17%
"Teflon" TFE-8C (1984), P.R,-173
"Taflon" T-100¢, P.R,-174
"Teflon' 100K, P.R.-174
"Teflon' TFE 7A, 8-29
PFA TE9704, 8-29
T¥E PEP100, 8-30
"Teflon" + calcium fluoride, IV-32; V-1G
"Teflon''~coated membrane, 9-32
"Teflon" fibergias laminates
GB-1121; Iv-31,32; V-104; P.R.-164
FLUORGLAS B, P.R,~167
Duroids, VI-62-64; P,R.-184,185
Custom, %-36
"Taflon"-fused quarts lsminate, 9-40
"Tafeal," 9-40
Tellite Corporation, P.R.-188
Teliite 3A, P.R.-188
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"Tenite" I 008A Hp, H4, M, MH, S, &nd
and S4, IV-24

Tennessee Eagtman Corp., IV-24

Tennessee Marble, Inc., IV-13

Teresso V-78, P.R.-195

Terphenyl, meta-, noma-, ortho-, and
para=, IV-15

Terphenyls, chlorinated, IV-64

Tetrachloroethylene, IV-62

Tetra alkyd silicate easter, V-19

Texas Instruments, infrared
windows TI-20, TI-1173, 8-43

Thallium bromide, IV~2,75

Thallium bromide-chloride, IV-2,73;
P.R.~109

Thallium-bromide-iodide, IV-2,76;
P,R.-109

Thallium chloride, V-1; P.R.-109

Thallium fluoride ,ressed powder,
P.R,-109

Thallium iodide, IV-2,74; P.R.-1C9

Thermal American Fused Quartz Co.,
P.R,-B8

Thermoplastic Composition 1766 EX
and 3738, IV-58
37674, 1V-59

Yhiokol Chemical Corp., IV-54; 9-40

“Thiskol" Tupe FA, PRI and ST, IV-54

Thorium oxide, ceramic, Zircos,
P.R.-110,112
MIT, Lab. Ins. Res., P.R.-113,114

Thywol,9-36,37

T Puxe R-200, IV-4

Titanata cevamics, 1V=5,6

Titania sand titanium bodies, IV-4~6,
88-93

Titanium Alloy Mfg., Uiv., Ratioaal
Lead Co., YIV-4,5,42,43

Titeniun dioxide, rutila, IV-2,4,77

Titanium dioxids ceramica, IV=4,5

Titanium dioxide + plastic uixtures,
1v-33,42

Tobe Deutacluann, VI-78-83

Toluene sulfopamides, uixturea of
prtho- and paraisowers, IV-13

Topaz, P.R.-133,134

“Torion" 2000, 4000, 4103, 4203,
32,33

Touraalina, F.R.~134

“Tranedl” 04l 10C, IV-5H5

Trichlorobenzencs, mixture of leo«
woaric, IV-64

Teichioronaphthelenss, mixture of
incmerie, IV-64

a~Trinitrotolusine and compeunds,
IV-15; 901,42 '
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"Tritonal," 9-41,42

UDP 333 Liquid, P.R.-197~-

“Ultron'" Wire Compound UL300, UL1004,
and UL24001, Iv=30

Union Carbide & Carbon Corp., V-18;
P.R.-4,50,51,54-57,66,101,180,181;
9-24,26,27,42

Union Carbide boron nitride,
hot-pressed, Grade HD0O56, HDOO86,

HDO092, HDO093, HDOO%4, HBN, HBR,

P.R.-54=57
HBC, 9-26,27
cold~pressed, P.R.~57
pyrolytically deposited,
"Boralloy," P.R.-50,51
pyrolytic laminate, P.R.-54
Union Carbide magnesium aluminste
(spinel), P.R.-66
Union Carbide '"Polysulfone,” P.R.-189
Union Carbide sapphire, P.R.-4; 9-24
Union Carbide potassium bromide, 9-27
Union Csrbide siliccn nitride,
ceramic, P.P,-101
Union Carbide R-63 Varnish, V-18
Upjohn, 8-43-45
Urea-formaldehyde resins, IV-23
U.S. Army Engineering Reszarch and
pev. Lab., Fort Belvelr, Va.,
1V-2,74-76; Vi-77
U.5. Army Res. and Dev, Labs., Fort
Monmouth, N.J., P.R.-80,81
U.S. Burssu of Fisheries,
mullet oil, P.R.~197
U.S, Ceramic Tile Co., see Dlswvonite
Producte Div.
U.S. tasket Co., IV-32,33
1.8, Industrial Chamical Co., IV-62
U.S. National Buresu of Standarde,
IV=40; P.R.-20

U.S. Paroxygen Division, Argus Chemical

Corp., P.R.-197

U.5. Peroxygen USP 33} Liquid, P.R.-197

U.§. Polymeric Cheaicals, Inc., V-9

U.S. Rubber Co., IV-31,40,52,33,38

.8, Sonice, P.R.-75

U,8. Sonice magnesium titanate,
multicrystal, P.R.-73

I'.§. Stonewsre Ce., The, ¥-31,531;
Vvi-20,214 P.R,-34,35

U5, Sconasware Ala0g, A-212, A-216, A-312,

10, Std., 30800F, P.R,-34,35

¥.5. Har Department, Picstinny Arsenal, IV-13

IV-15; 9-41,42
Ursnium oxide powder, 5-31
Urathane, ses polyureilane
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Vanadium oxide, pregsed powder, P.R.-1l4

Varuished glass cloth, V-18

Varnished linen tape, V-17

Varnighed pager, V-18

"Vaseline,”" IV-65

"Vibron'" 140 and 141, IV-40

Victor Chemical Works, IV-48

Vinyl film, 9-33

"Vinylite" QYNA, VG-5544 and VG-5901,
Iv-28

"Vinylite" VG-5904, VYHH, VYNS, and
VYNW, IV-29

"inylite" VU-1900, 1V-29,70

2-Vinylpyridine-styrene copolymer,
IV-46

"Vistawax," IV-59

"Viton," 8-30

"Vitreosil," commercial grade,
P.R.-88

"Vitrveosil," optical grude, P.R.-88

VyL-CU?P, P.R.-196

Wallace & Tiernan. Iac,, P.R.-197

Wallace & Tiernan “"Lupersol" 101,
2,5-dimethyl-2,5-d4 (t~butyl-

peroxy) hexane, P.R.-197

War Dept,, Picatinny Arsensl, see
U.8. War Departmant

Water, conductivity, IV-61

Wax 3760, Iv-59

Wax Compound F-590 and No. 1340,
1V-59

Wax §~1167 and S-1184, Iv-59

Waxes, IV-56-59; v~16,17

Yeber, Herwsnn, aud Co., XV-51

"Wesgo” AL~300C, V-4,52

"Wasgo" Al-1009, V-4

Wegtern Gold & Platinum Works,
Ved,52; P,R,+36,37

Heatarn Gold & Pletinwm aluminum oxida,
AL~300, AL-300 (modified), AL~400,
AL~500 (multipryst.), AL-995,
AL=1009, P.R,~36,37

Woatinghouse Electric Corp., Resesrch
Laba,, IV-18,19,22

Whittaker Corp., P.R,~99; 8-~13,45-47;
GmdiZmbd

Whdezakear silica £iber composites,
P.Ri~99; §-42~44

Witco Chemicel Co., 8-47

Wollastonite, V-4,58

Hood, IV¥-59; P.R.-193

Wood, birch plywsod, Sippicen, P.R.~193
fir piwwood, Sippisen, P.R.-193
Nirioita beapd, Sippican, P.R,-193
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Ytterbium ferrite, VI-28-31

Yetrium oxide, ceramic, Zircoa,
P,i.-116

Yttrium oxide, single crystal, MIT,
Lab. Ins. Res., P.R.-115

Zinc ferrite (MIT samples), V-158
Zinc-magnesium~-manganese ferrite
(MIT samples), V-141,182
Zinc-nickel ferrite (MIT samples),
V-144-157
Zinc oxide, single crystal, Airtron
Div., Litton Industries, P.R,~-117
Zinc selenide, 8-22
Zinc sulfide, 8-23
Zinsger, Wm, and Co., IV-55,56
Zircoa ceramics:
"c,” P.R.-118
Thorium oxide, P.R.-110-112
¥-790, P.R.-64
Y-904, P,R.-119
¥~1362, P.R,-120,121
"Zircolite," ceramic, P.R.-122
Ziccon, PLR.-~123-125
Zirconia,
Zirxcoa "C," Y~904, ¥Y-1362,
P.R.-118-121
"Zircolite," P.R.-122
Zirconium oxide ceramics, sae Zirconia
Zirconium silicate (zircom),
ceramic, IV-6,964,95; V-5,59-61
single crystal, P.R.-123~125
"Zitex," P.R.-106
Zophar Mills, Inc., IV-39
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