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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 Technology, Cambridge,

Massachusetts, by W. B. Westphal. This work was performed

between 1 January 1977 and 15 May 1980 under Contract F33615-

77-C-5063, Project No. 7514, Task No. 24230104 for the Materials

Laboratory of the Air Force Wright Aeronautical Laboratories.

This report was submitted by the author for publication

in August 1980.

The work was administered under direction of the AF Materials

Labori~tory, with Mr. John C. Olson (AFWAL/MLPJ) acting as project

engineer.
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SUMMARY

The first sections of this report describe changes in measurement

techniques and programming of calculations.

A technical report dated December 1975 presents data on

materials measured in the early part of this contract. A later

data report is dated May 1977. The index following the data section

refers to early data reports and uses the prefix 10- 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.
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MEASUREMENT TECHNIQUE

The basic measurement techniques using bridges, reentrant cavities,

standing waves, and dielectric-filled cavities have been discussed in prev-

ious reports. -7*During the present contract period the only new type of

measurements has been for high loss liquids: the use of a glass or plastic

capillary tube mounted in a plane one-quarter wavelength froi. the short in

the standing wave system. The tube axis is parallel to the electric field

in either rectangular or circular hollow waveguide. This method was used

for water-acid solutions, liquid ammonia and sulfur.

PROGRAMMING

Program l,in the following section, is used for calculating the

dielectric constant and loss of a sample in a capillary tube. The input

data:

DS node width, sample in
SN node position, sample in

CONC specified acid concentration
NC number of measurements
DG node width, empty capilliary
GN node position, empty capilliary

R inner radius of capilliary
FGH frequency, GHz

C conversion factor between capilliary admittance and
waveguide admittance at the same plane

Cl initial guess for correction term in Ki due to loss,
Iteration finds exact correction

WLG wavelength in air filled waveguide
SMF conversion factor to calculate conductivity from

loss factor
*.References .

i. Tech. Rep. 182 Lab. Ins. Res., Contract AF33(616)-8353, October 1963.-II

2. " " 201 " " " October 1966.

-- 3. AFML-TR-66-28, " " " AF33(615)-2199, January 1966.

4. AFML-TR-70-138," " F33615-67C-1612, July 1970.

5. AFML-TR-71-66, " " " " F33615-70C-1220, April 1971.

6. AFML-TR-74-250, Pt. II, Lab. Ins. Res., Contract F33615-71-C-1274,

December 1975

7. AFML-TR-74-250, Pt. I11, " Contract F33615-75-C-5020,

May 1977A
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Program 1 High Loss Liquid in Capilliary
F~ORTRAN IV G1 RELEASE 2.0

0001 REAL*6 TWO, WL,FGH,P113, PI14,WLG,XOG,DELN,TANG.EG,DG,XOS,GN,SN,
2TANSTHETA,DS,ES,KIM,K2M,KiK2,CI,KMKMA,KMB,KICAL.K2C.AL.ERROR,
3WE,KIOLDJ(20LL?,EROLD,SMF,SIGMACONC,R,C,STEP(4)/.0300,.0100,
4,003D0,.0Q100/,F(2)/1.DO.-1.DO/,FAKE(2),FUN(2),ONE

0002 COMPLEX*16 Z0NE,ZUONE, TWOCYG,YT,KMAC ,KMBC.GR,02C,03C,D4C,D5C,
0003 216CD7C,lil ,JI2.U13,J)14,,J1 ,,OI, .JO2,LJO3,J04,UORATlO,KlC,K2C,KCOR,

3YGI,YG2,Y03,Y134,YT2,YT3,YT4tYS,KC
0003 EQUIVALENCE (FAXq(1),YS),(FUN~l),KCOR)

0004 DIMENSION DS(40),SN(40).CDNC(40),DATE(39)
0005 NAMELIST/IN/DSSN,CONC,NC/CONST/00,GN,DELN.,RFGH,C,CI .WLG,SMF
0006 200 FORMAT (1X,39A2)
0007 201 FORMAT(lH0,20X,3gAý,/)
0006 100 F0RMAT(lX,7HWr%ACIL,5X,2HKI.3)(,gH'NCOR. KI,SX,2HK2,3X,

29HUNCDR. K2,3X,12HSýGMA MHO/CM,1X,5NEAR0R,IOX,3NHJ04,10X,3HU14)
0009 101 FORMAT(F7.3,1)(,FB.2.IX, F8,2,3XFB.2.2X,F8.2,3X,F9.5,IX,

2E9.2, 1X,E9. 2,lX,E9.2.1X.69.2. 1XE9.2)
0010 102 FORMAT(SX.2HDS,10X,21'SN ,10X,4HCONC,8X.1HI)
0011 103 FORMAT( 1X,F10.4,1XFIO.4,1X,FI0.4,8X,12)
0012 104 FORMAT(3X,13HKOUNT FOR K1.,IX,I2)
0013 105 FORMAT(3X,13HKOUNT FOR K2m,iX,12)
0014 77 READ(B.200,ENO-88) DATE
0015 WRITE(6,201 ) DATE
0015 READ(5,IN)
0017 READ(5,CONST)
0010 WRITE(6.102)
0019 DO 8 I=1.NC
0020 WRITE(6,103) OS(I) ,SN(I),CONJC(I),l

002 ZONE=I1.00,0.DO)

0024 WONE2.D0

0026 TWOC.ZONE*TWO
0027 WL-2.997924562Dl/FGH
0028 PII3=6.2831 85307200/WL
0029 P114=6.2831800/WLG
0030 WRITE(6,CONST)
0031 WRITE(6,100)
0032 XOG=WLG/4.DO-DELN
0033 TANG-OTAN(P114*XOG)
0034 EG=PI Z4*O6/TWO
0035 YG-(ZODNE*(-C))*(Z0NE-ZOONE*(EG*TANG))/((ZONE*EG)-(ZOONE.TANG))
0036 DO 10 I=lNC
0037 XCS-XOG-(GN-SN( I))
0038 TANS-DTAN(P114*XOS)
0039 THETA=PI14*DS(Z)/TWO
0040 ES=DSIN(rHETA)/DSQRT(TWO-(DCOS(THETA))**2)
0041 YT.(ZOONE*(-C))*(ZONE-Z00NE*(ES*TANS))/((ZONE*ES)-(ZOONE.TANS))
0042 yS-YT-YG
0043 KIM=FAKE(1)
0044 K2M.-FAKE(2)
0045 KlM.KIM+ONE
0046 KI=KlM+C14i(2M
0047 K2=K2M
004a KM=DSQRT(I(1**2+K2**2)
0049 KMA-DSQRT((KM-K1)/TWO)*P113*R
0050 KMB=DSORT((KM+K1)/TWD)*P113*R t
0051 KMAC=ZQNE-KMA

*0052 KMBC-ZOONE*KMB
0053 GR-KMBC+KMAC
0054 D2C*ZONE*16.Do
0055 D3C-ZONE*384.O0
0056 D4C=ZONE*1 .843204
0057 D6C-ZONE*64.DO
0057 D6CnZONE*64.D0

*0059 D7C=ZONE*2304.D0
0060 JillGR/TWOC
0061 J12=GR**3/D2C
0062 1J13=GR**5/D3C
0063 014=GR*-7/D4C

-2-



Programn 1, continued

0064 ~J1;ý111J12.J13+J14
0085 .JO ZONE
006c, J02-GR-*2/DSC
0067 003-GR-*4/DGC
0068 J04=GR--6/07C
0069 ~JO-J01+.J02+.J03+JO4
0070 RATIO=(TWOC/GR)*d1/JO
0071 KICeZONE*IK1
0072 K2C-ZOONE*(-K2)
0073 KC-KIC+K2C
0074 KCOR-KC*RATIO
0075 KICAL.-FUN(1)
0076 K2CAL=-FUN(2)
0077 ERR0R=DSQRT ((KIM-Kl1CAL).*2+(K2M-K2CAL)**2)
0078 00 400 KIal,
0079 00 600 J-1,2
0080 WE=ONE+STEP(K'.*F(J)
0081 KOUNT=0
0082 401 K1OLD=KI
0083 KOLINT =K0UNT +1
0084 ERIOLD=ERROR
0083 K1-Kl-WE
0086 KM4)SCRT(K1 0*2+K2**2)
00817 KtAADS0IRT( IKM-K1)/TVW0)*P1I3*R
0088 KMB=DS0RT( ( KPM+X1 )/TWO)*PZ13*R
0089 KkMAC=ZONE*KMA
0090 t(MBC-ZOONE*KME
0091 GR-KM13C+IMAC
0092 02C=ZONE*16 .00
0093 D3C=ZONE*384.DU
0094 04C:Z0NE*l .8432D4
0095 D5C Z0NE*4. DO
0096 D6C=ZQNE-64 .00
0097 07C=ZONE-2304.DD
0098 Jll=GR/TWOC
0099 ~J12-GR**3/D2C
0100 J13.OR**5/O3C
0101 J14=GR**7/D4C
0102 Jimi11+J12.-J13+J14
0 103 1J01=Z NE
0104 1J02=GR**2/D5C
0105 1J03=GR-*4/D6C
0 106 1J04=GR**6/D7C
0107 uO=~j1+,J02+U03+.'4
0108 RATIO=(TWOC/Gr,,: 'jo
0109 K1C=ZONE,)(1
0110 K2C=Z00NEO(-Kr.,~
0111 KC=KIC+K2C
0112 KCOR=KC*RATIO
0113 K1CAL-FUN(1 )
0114 K2CAL=-FUN(2)
0115 ERR0RzDSQRT((KlM-KICAL)*.k2+(K2M-K2CAL).*2)
0116 IF(KOUNT.GT.20) GO TO 601
0117 IF(ERROR.LE.EROLD) GO TO 401
0118 Kl=K10LD
0119 ERROR=EROLD
0120 600 CONTINUE
012l GO TO 602
0122 601 WRITE(G,104) KOUNT
0123 602 DO0700 J=1,2
0i24 WE-ONE+STEP(K)*F(J)
0125 KOUNT--O
0126 421 K20LD-K2
0127 KOUNT--KOUNT+1
0128 EROLD-ERROR
0129 K2=K2.WE .
0130 KM-.SQRT(Kl1**2+K2**2)
0131 IKMAzOSQRT((IKM-K1 )/TW0)*PII3*R
0132 KMB=DSQQT( (KM+KI )/TWO) i-P113sýR



Program 1, continued

0133 rR=KMBC+KMAC
0134 02C-ZONE-16.O0
0135 D3C=ZONE*384.DO
0136 O4C=ZONEOI.8432D4
0137 D5C=ZONE*4.O0
0138 D6C=ZONE*64.DO
0139 O7C=ZONE*2304.O0
0140 J11.GR/TWOC
0141 J12mGR-*3/D2C
0142 d13=GR,=5/03C
0143 J14=GR**7/O4C
0144 JU=dl1+J12*J13+j14
0145 J01=ZONE
0146 JO2mGR**2/05C
0147 J03=GR--4/D6C
0148 J04zGR'*6/D7C
0149 J0OLJ01dJ02+d03+J04
0150 RATIO=(TWOC/GR)oJi/ J 0
0151 K1C-ZONE*K1
0152 K2CZOONE*(-K2)
0153 KC=K1C+K2C
0154 KCOR=KC.RATIO
0155 K1CAL=FUN(1)
0156 K2CAL--FUN(2)
0157 ERROR=OSQRT((K1M-K1CAL)**2+(K2M-K2CAL)*.2)
0158 IF(KOUNT.GT.20) GO TO 701
01 59 IF(ERROR.LEEROLD) GO TO 421
0160 K2=K2OLD
0161 ERROR=EROLD
0162 700 CONTINUE
0163 GO TO 702
0164 701 WRITE(6,105) KOUNT
0165 702 IF(ERROR.LE.1.O-4) GO TO 450
0166 400 CONTINUE
0167 450 SIGMA=SMF*K2
0168 WRITE(6,101) CONC(I),K1,K1M,K2,K2M,SIGMA,ERROR,d04,.14
0169 10 CONTINUE
0170 GO TO 77
0171 88 CALL EXIT
0172 END

Output 3GHZ 21.3 DEG.C.

DS SN CONC I
0.0679 0.3032 0.0 1
0.2009 0.3159 1.1090 2
0.6445 0.3835 5.0434 3
1.1360 0.5070 10.0760 4

&CONST
DG= .1200000000000000020-01,GN2 .479999999999999996 ,DELN= .219700000000000006

R- .321730000000000002D-01,FGHs 3.00000000000000000 ,C- 938.3999999•9999977
C1= .157000000000000004D-01,WLG= 13.8550000000000000 ,SMF= .1666659999999999980-02

WT%ACID KI UNCOR. KI K2 UNCOR. K2 SIGNMA MHO/CM ERROR4 0.0 77.45 77.73 12.24 12.34 0.02041 0.24D-01
1.109 '11.70 71.84 41.14 41.43 0.06856 0.330-01
5.043 40.68 39.82 134.86 135.40 0.22477 0.190-01

10.076 -12.93 -15.64 231.21 230.75 0.38534 0.11D+00

J04 014
-0.130-07 0.65D-08 -0.170-09 -0.270-09
-0.110-09 0.17D-07 -0.370-09 0.970-10
0.640-07 -0.53D-07 0.24D-08 0.,590-09

-0.620-07 -0.370-06 0.790-08 -0.120-07

IJ : i



Program 2 is uised for calculating the results for a temperature

run on a thin sample (in coax or hollow waveguide) located on a quarter-

wavelength spacer. The variations in data with temperature of the empty

samplu~ holder with. and without, the spacer are expressed as a power series

of temperature change from room temperature. Corrections can then be

made for the change in electrical length of the spacer with temperature.

Partial notation follows:

DXQC node width for hol der with spacer only, corrected for

temperature effects

DAC node width for empty holder corrected for te~i-perature

ANC node position for empty holder versus temperature

QNC node ios-ition for holder with spacer only corrected for
cnanges with temperature

DQC spacer length versus temperature

THC sample thickness corrected for linear thermal exj~ansiou

Program :- Thin Sai~ple temp. run

FORTRAN IV GI RELEASE 2.0

0001 INTEGER*4 I,J,K.,NX
0002 REAL*8 PII,PI12,ONE.TWd0,W,FCW.,TANWit,0A,CT,THC,D.T,TO,TCD,LW0

2
,

2LWJ,WL2,wC2,WC1,C2,TC6,K(3,TANW2,TCW.DQC,DQ.TCO,DA(',A5,A6,DXQC,
3DXQ,AQ,AQQ,DXQCC,QNAN,TC1 .TC2,TC3,ANC,QNC.TC7,TCE ITC9,TXOQ.

4w2,PII3U,UTA1.DC.0X.SN.COSINETXOS,ZIIRE.ZIIIMSIL.LY(2),AZI1,
5AZ16,A.D.FUN(2),TAHATANBA2,B2,Zi4RE,Z141M,ERRORI.WEBOLD,
GSTEP(5)/I.D-2,1 .0-3,1.D-4,1 .D-5,1 .0-6/,F(2)/1 .00,--I.DO/,Z14IOD,

7 Zl4RO0,EROLD,AOLD0FCC,FAKE(2),RAAIM,C1,TC6,C2C.C::.,KAPPA.TANO,Ll,
8L2,L3,R,KAPPAC,TANDC.RE.TAMSlGMiA,PUN(2).DSC1C,D:2,D3,AX,WLI

0003 C0N1PLEX*16 ZONE,ZDONE,X,Y,ZJ2.AL1O2,8EiD2,G1D2,Z4,ZlO,Z1I ,Z16,

2Z12SQ THG202,Z14,Z12RE.Zl12M,Z12NEW,Z13,G.H,Z15 ,Z¶7,G2D2,K3C,Z14R,

3ZI41
0004 DIMENSION OS(30),SN(30) ,02(30),03(30),DATE(39),AX(30),T(30)

0005 EQUIVALENCE (S1LLY(1),Z4),(FAKE(l),Zl5),(FUN(1).Z14),

2(PUN( 1) ,ZI2SQ)UTTWTQAA6AQ.Ct2Tt
0006 NArMELIST/CONST/DA,DXQ.OQ.FCLWD.C.C.5A QAQT1,CO

2TC3,TC7.TC8.TC9,TCDTC6,CI,C2,0,AN,QN/IN/0S.SN I,
2
,
0
3,AX.

3NX/OUT/A,8,AZII,AZ16,Zl2SQ,Z11.Z16
0007 200 FORMATr(1X,39A2)
coos 20. F0R'AAT(1HO.20X,39A2)
oooql 220 F0RMAT( IHO. X,2HDS.0X ,2HSN,6X ,2HD2, 7X,2ýi')3,7X,2H 'X,SX,

24HTEYP,6X, 1 HI)

0010 230 FORMAAT(2XF8.4, lX, F54,2X,F7*.k,2.X,F6.4,2X, F9.5,2X,F8.2,2X,12)

0011 100 FORMAT( IHO, 5X,2HNS.SX,2H-DS,4X.7HD,CORR. .4X,2HFC,6X,IHB.6X,2HK1.
29X.2HK2,9X,3HTAN,15X,6HZ4/Z14//)

23X,F9.6.3X,E13.6.2X,E13.6)
0013 301 FOPMATU10X,6HTENlP.=,F7.1,lX,6H0EG.C.,4X,6HSIGMA-,Ell.4.6HMHO/CM,

25X.19HSANIPLE HOLDER OIA.n,F8.5)
0014 77 READ(5,200.EN0=88) DATE

0015 WRITE(6,201) DATE
0015 READ (S. CONS T)
0017 READ(5,IN)

0018 1WRITE(6,220)

0020 WRI'fE(6.CONST)
0021 WRITE(6,100)
0022 Z0NE=(1.D000.D0) .
0023 Z0OONEmI0.D0.1.00)
0024 ONE=l .00



Program 2, continued
0025 TWO= 2-DO
0026 PI.-3.i41592653600

' I0027 P112-TWO'PII
002a W±ONE+FC
0029 WIwW
0030 TANW1'DA/(DT*W1)
0031 WLIsLW
0032 LW 0 =1W*2/W
0033 D0 10 Il,.NX
0034 THC=D*(ONE+(T(1)-T0)*TCD)
0035 IF(FC.GT..DO0) GO TO 33
0036 WL2=LW
0037 WC2=1 .030

0038 Go TO 35
0039 33 WCI=3.412586DO*1.27L3CC2
0040 wC2=WC1.(0NE.TC6*(T(!)'-T0))
0041 WL2±oSQRr(LWO2±WC2*.2/(WC2**2-LW02))
0042 35 K3=WL2/(P112*THC)
0043 W2rn(WL2/WC2)aa2+ONE
0044 TANW2tTANW1*OSQRT(ONE+TCW*(TC.I)-TO)).W1/W2
0045 OQC=DQ*(ONE+TCO*(T( 1)-To))
0046 OAC±DA.(ONE+AS.(T(Ih-TO)+AB*(T(1Y-T0)*.2)
0047 OXQC±0XQ-(ONE+AQCT(I)VT0)+AQQ*(T(1 )-TO)**2)
0048 0)XQCC±0XQC-DAC-(QN-AN).W1*TANW1+DQC*W2*TANW2
0049 A)C=AN-TC1*(T(I)-TO)hTC2*(T(I)hTO)*.TC3
0050 ONC=QN-TC7.(T(I)-TO)hTCB*(T(I)-T0)..TCS
0051 TXOQ±DIAN(P112N(QGNCANC)/WL14JQC./WL2))
0052 X=ZONE.(DXQCC*PII/WL2)
0053 Y=ZOONE*(TXOO)¶ 0054 ZB2=(X4-Y)/(ZONE4X*Y)
0055 P112=P112/WL2
0056 UzW2-ONE
0057 TAI:DSQRT(ONE+(TANW2/(ONE-U/(1.00054004-W2)))**2)
0058 AL102=Z0NE*(PI1I3SSQRT(5.D-1*(1 .00054*W2-U)*(TA1-ONE))*THC)
0059 8E1D2ZO0NtE'(P113*DL;QRT(5.D-f*(1.00054*W2-.LJ)*(TA1+ONE)).THC)
060 O1O2nAL1D2+8E102

0061 DC=DQC+THC

0064 X.DSXN(PII*0X/'fL2)/DSQRT(AX(I )-COSINE)
0065 TXOS=DTAN(P112*((SN(l)-ANC)/WLI-OC/WL2))
0066 Y=ZOONE* -- XOS)
0067 Z4u(XtY)/(ZONE+X*Y)
0068 Z1O=ZOONE!K3
0069 ZI1:Zl0/24
0070 ZIIRErSILLY(1)
0071 Z11IMtSILLY(2)
007 2 Zl6=(l1.00/3.00)*Z11wt2
007T, ZI2S0tCOSQRT(Z1I+Z16)j
0074 AZlI1CDABS(Z11)A
0075 AZ16=CDABS(Z16)
0076 A=PUNtI)
0077 8=PUN(2)
0073 IF(O.00.LT.6) GIO TO 160

0079 WRITE(6,OUT)
0080 8=1.00
0081 160 TAHA=DTANH(A)
0083 A2±TAHA.(IJNE.TANB±*2)/(ONE+TAHA**2*TANB**2)

t Ia0084 82±TANB*tONE-TAHA**2)/(ONE+TAHA.32*TANB**2)
0085 1HGa2D2=Z0N4e*A2+ZO0NE*B2
0080 G202=ZONE.A+ZCONE*8 s
0087 Z14-(ZONE÷G1D2.THG2D2/(Z8i2aG,2D2))/(Z0NE/Z82.G2o2.THG2D2/G1ID2)
0088 Z14RE=FUN(1)
0069 Z14IM=FUN(2)

.40090 ERR0R1zOSQRT((Z14RE-Z11RE)w*2+(Z414M-Z11IM)b.2)

-6-
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Program 2, continued
0091 D0 400 K-1,5
0092 TANA.UTANH(A)
0093 D0 600 J-1 .2
0094 WEsONEtSTEP(K)*F(J)
009f. 401 BOLDsS
0096 Z414DvZl4IM
0097 Zl4RODvZl4IRE
0098 EROLDeERRORI
0099 8a13.WE
0100 TANBnOTAN(B)
0101 A2ETANAC(ONE*TAN~eS2)/(ONE+TAHA**2*TAN8*s2)
0132 82nTAN8.(ONE-TANA.-2)/(0NEtTAHA**2*TANB**2)
0103 TIHG2D24ZONE*A2.,ZOONE*62
0104 G2D2sO0NE-A+ZO0NE-B
0105 ZI 0( OE-i.Gl02*THG2D2/(ZB32*G2D2))/(ZONE/Z52+G2D2bTHG2D2/Q1O2)
0106 Z14flE'FUN(1)
010? ZI4IMaFUN(2)
0108 ERRORiwDSQRT( (Z14RE-Z1IRE).*2+(Zl4IM-Z11M).s2)
cl09 IFtERRORI.LE.EROLD) GO TO 401
01 10 Z 141 IAZ 141 OD
0111 ZI4REtZ14ROD
01,12 O=OOLO
01 1, ERRORI:EROLD
011.1 600 CONTI1NUE
0115 TAN5-OTAN(68
0116 D0 700 J-1.2
01 17 WE'ONE+STEP (K).F(J)
0110 402 ACLDzA
0119 Z14ROO'Z14RE
0120 Z14IO0sZI4IM
0121 ER0LDzEF.ROR1
0122 A-A"WE
0123 TAHA=OJTANH(A)
0124 A2:TAHA*(ONE+TANB-*2)/(ONE+TAHA**2STANB**2)
0 125 O2r-TANS* (O-NE-TAHA. *2)/(ONE+TAHA**2STANB**2)
0126 THG2D2:tONE*A2+ZOONE*52
0127 G2O2=Z0NE-A+ZO0NE-8
0128 Zl4fl ZCNE*G1D2*THG2O2/(ZB2*02D2))/CZONE/z82+02D24TH02D2/0102)
0129 Zil'RE=FLJN(1
0130 Zi4IrA4F'JN(2)
0131 ERIROR 1 LOSQRT( (Z14RE-Z1 IRE)s*2+(Z14IM-ZI IIM)'*2)
0132 IF(ERROR1.t.E.EROLO) GO TO 402
0133 Z14REsZI4Q0D
0134% Z:4!N1=Z14I0D

0135 sEROLQ

0137 700 CONT INUE
0138 IF(ERROR1.LE.1.D-6) GO TO 450
013q 400 CONTINUE
0140 450 Z12REzZONEOA4
0141 ZI2IM:=ZOONE*B
0142 Z12NEW:(Z12RE+Z12IM)**2
0143 K3C-K3.ZONE

0144 Zl3x-ZI2N&WSK3C**2
0145 FCCaU
0146 GsZ0NE-FCC
0147 H-Z0NE-W2
0148 Z15.tG+Z13)/H
0149 ZI4R.ZONE*Z14RE

4 10250 Z14IaZOONEsZI4IM
0151 Z14sZ14R*-Z141
0152 Z17.Z4/ZIA
0153 RAAFAKE(l)
0154 AIM.-rAKE(2)
0155 01Usd * (ONE+(T(I )T0)*TC6)
0156 020.02. (ONE+qT( I)-T0)*TC6)
0157 MAPPAxFA.(E( 1)
CO158 TAND-AIT.1/RA
0 139. IF(FC.GT.0.001l Gn U) 9>in

I - I



Program 2, continued
0160 LI.EJLOGIO(D2(i)/CIC)+DLOGIO(C2C/D3(I))
01 1 IL2 DLOGl0(O3(I)/D2(I))
01.32 L3=DLOG!0(C2C/C1C)

0163 R=DOE-LI*KAPPA*(ONE+TANO*.2)/L3
0164 KAPPAC=R*KAPPA/((L3/L2)-TWO*LlKAPPA/L2+(0NE-R)*LI*KAPPA/L

2 )
0165 TANDc=TANO/R
0166 RE=KAPPAC0167 TAM=TANDC-TANW2
0166 AIM-RE*TAM
0169 GO TO 15
0170 210 REaRA+÷368.0-4*(RA**2-RA)*(C2C-D3(I))/C

2 C0171 16 TAM=A1M/RE-TANW2.(4.2D-I+W2/RA)/(4.2D-I+w 2)
0172 AIM=RE-TAM

0173 15 WRITE(6,300) ANCDX,THC,FCC,B,REAIM.TAMZ17
0174 SIGMA=1,66691980-2*AIM/OSQRT(LW02)
0175 WRITE(6,301) T(I),SIGMA,C2C0176 10 CONTINUE
0177 GO TO 77
0178 88 CALL EXIT
0179 END

Output

RANTHEON POLYIMIDE LAMINATE (OAK) TEMP. RUN B-3-79

DS SN 02 03 AX TEMP I
0.0233 5.4206 0.0 0.9948 2.00000 24.00 1
0.0263 5.3965 0 0 0.9951 2.00000 52.00 2
0,02.1 .. 4042 0.0 0.9953 2.00000 77.00 3
0.0280 5.3681 0.0 0.9956 2.00000 100.00 4

&CONST
DA= .6000000000000000120-02,DXQ= .71999999q9999999e00-02,

5.99ý59999999999992 DOT= 21.0000000000000000
.400(000000 OC0000019D-03,A6= .0
.4827599999999999930-03,TC2= .3533000000000000000-08,
.620900000000000001D-04.TC8= -. 5851900000000000230-09,
.194299999999999BED-04,Cl= .374500000000000000

6.15979999999999994 ,QN= 5.95910000000000006
&END

DOQ= 1.28760000000000008 ,FC- 1.90060000000000007 LW=
TCW= .4000000000000000080-02,TCQ= .5400000000000000050-06,Ab-
AQ= .1500000000000000000-03,AQQ= .0 ,TCI=

TO= .24.000)000000000000 ,TC3= 2.50000000000000000 ,TC7-
TC9= 3.00000000000000000 ,TCOs .9999999999999999970-05,TC6=

C2= 1.00279999999999991 .0= .665000000000000360-01,AN=

NS DS 0,CORR. FC B KI K2

6.15v6 0.0166 0.0665 1.9025 0.2238 4.2987 0.059233
TEMP,= 24.0 DEG.C. SIGMA= 0.2806D-03MHO/CM

6.1463 0.0196 0.0665 1.8965 0.2286 4.4583 0.072154
TEIAP.= 52.0 DEG.C. 5IGMAx 0.3419D-03MHO/CM

6.1341 0.0194 0.0665 1.8912 0.2306 4.5282 0.071714
TEMP.= 77.0 DEG.C. SIGMA= 0.3397D-03MHO/CM

6.1229 0.0213 0,0666 1.8863 0.2336 4.6312 0.080035
TEMP.= 100.0 DEG.C. SIGMA= 0.3792D-03MHO/CM

! •TAN Z4/Zi4

0A013779 0.1000000+01 0.166215D-07

SAMPLE HOLDER DIA.- 1.00280
0.016187 0.)999999D+00 -0,2483130-08

SAMPLE HOLDER DIA.- i.00335
0.015837 0.100000D+01 0.8043820-09

SAMPLE HOLDER DIA.- 1.00383
' 0.017282 0.100000D+01 0.4023490-08
SAMPLE HOLDER DIA.- 1.00428
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Program 3 is the latest 'version f or calculating a temperature

run for a sample at the bottom of the sample holder. It includes a

correction for the fact that a node shift in the hot zone of hollow wave-

guide does not result in an equal shift In the cold slotted section because

the guide wavelengths are different in the two zones. The changes appear

in statements 43-47, and 174 in the following program.

Program 3 Shorted Line Temperature Run

FORTRAN IV G1 RELEASE 2.0

0001 INTE.ER14 I,,J,K,N,NX,KOUNT,COUNT
0002 REAL.8 K3,Y .XE,AN,.SN.LWDX.OS,DA,X,A,B,A2,82,ZI4RE,ZI41M,TWO,

2E3OLD,Zl4IOD,Z14ROD,ERROR1 ,ER0LDA0L0,AIMRE.TAM,ZIIRE,Z11IM,WE,
9K(APPA,KAPPACL1 ,L2.L3,RTANO,TANDC.D2.0,03,SNC.TCIT,T0,TC2,TC3,
3C0SXNE,FCW.ZM,Y1,TAHA,TANB, P11,P112,ZRCONESTEP(22)/1.5D-2,

41 .D-2,7.D-3,5.D-3,2.D-3,1.D-3,5.0-4,2.D-4.1.0-4,5.D-5,2.D-5,

51 .D-5.
55 .0-6.2.0-6 . 10-6.1.0-7,1 .0-S ,1.D-91.¶.10-,1.D-11,1.D-12/,ND8.
GF(2)/1.00,-1.00/,SOLD,RA,TANW.OC,000,D0,TC-4,TCS,WC1.WC2,TC6,LWO2,
7V,'U2,ODA ,A5, A6,C1 ,C2 ,CIC ,C2C, FCC,SIGMAAXTCD

0003 COMPLEX+16 Zi,Z2,Z3,Z9,Z1O,Z11,Z12,Zl3,Z14R.Z14I.Z16,K3C,
2Z14.Zl'-'NEW, Z12RE.Zl2lM.Zl2SQ,G,HZ1S,Z2A.ZONE,ZOONE

0004 REAL*8 5ILLY(2),FAKE(2)
0005 EQUIVALENCE (SILL'4(1),Z11),(FAKE(1).Z15)
0006 DIMENIO~1N DS(30),SN(30),wtJ(30) ,o30),o3(30),N(30),DATE(3g),

2Tt30),00(30),AX((30),SIGMA(30),C2C(30)
0007 NJAMELIST/IN/OS.SN,NNX, D,D2,D3,r,D0,AX/CONST/DA,AN.FC.LW.rANW.

2TC2, TCý, TO 00. C, TC5, A5.A6,Cl1.C2, TC6. TCI ,TCD
0008 200 FOR'MAT(1X.39A2)
0009 201 FORMAri1HO,20X,:39A2)
0010 220 FCRIrAAT(i.Z'. ;X.2HDS,BX,2HSN,6X, 1HO.7X,2HD2.7X.2HD3,6X,1HN,

2C1X,2H 00 .4X.*11HT EMP. DEG. C. )
0011 230 FORMAT(2XF8.4.1XF8.4,2X,F7.4,2XF6.4,2X.FB.5,2X,12,2XFB.4,

22X IFB.2)
0012 100 FCRMIAT( IHO. 5X,2HNS,6X,2HOS,4X,7H0,CORR. ,4X.2HFC,6X,1HB.6X,2HK1,

29X,2hK(2.9X.3HTAN,15X,7HZI/1/e14//)
0013 n00 FORMAT(2XF7.4.2XF7.4, 1X.F7.4,1XF7.4,1X.F7.4.1)C,F7.4,3X.fg.6,

23X,F9,.-3X,E13.6,2X,E13.6)
0.114 301 i~r~.HE..4X,BHSIGMA IN,1)(,6HMHO/CM,1X,

U0HISA!,PLE H4CLDR DIA.'')
0015 302 FORMA 7( 1 X, i7.1 4XEl1 .4.IOX, F8.5)
0016 77 READ( 5, 200. FND=G8~ D ATE

I.0017 WJRITEt6.-?Q1 ) DAlE.
0018 RFAD(5,INJ
0019 REAcJ(5,CON.ST)
U020 WRITE(6,2.20)
0021 WRITE(6,230)(DS(I),SN(I1,D(1) .02(1),D3(l).N(Z),00(I) .T(I)4.lINX)
0022 WRITE(6,C0NSI)
0023 WRITE(I6,100)
0024 ZONE-(1.00,0.Q0)
0025 20ONE=(0.D0,1.00)

j 0026 CNE~1 .00
0027 TWO=2.00
0028 PII-3.1415926536D0

002 FDD)E0D0) GO TO 22 I

0033 0C-D(I)+(000O-D0(I))*2.54D0+TC4*(T(1)-TO),TCS*(T(I)-TO)**2
0634 GO TO 23
0035 22 DC-D0U)'(ONE+(T(I)-T0)*TCD)
0036 23 SNCsSN(i)+( TCI*(!(I)-TO)+TC2*(T(I)-TO)**TC3)
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Program 3, continued
0037 WnONE+FC
003b LW02nLW*oP2/W
0039 IF(FC.GT.O.DO0 GO TO 33
0040 wL2.Lw
0041 WC2=1 .D30
0042 GO TO 35
0043 33 WCI.3.412586O0*1.27D0*C2
0044 WC2nWCI'(ONE4TC64.(T(I)-TO))
0045 WL27oSCRT(LW02*WC2**2/(WC2ss2-LW02) )
0046 35 K3=WL2/(PI12*UC)
0047 Y-P!I2*((SNC-AN)/LW-OC/WL2)
0048 DUA-OA-(0.NE+A5*(T(I)-TO)+A6*(T(I)-T0)**2)
0049 DX.DS(I)-DOA
050 1P(DX.LE.ZRO) GO TO 10
0051 C0SlNE2DCOS (PII*OX/LW)**2
0052 X-DS1 N(PI I.DX/LW)/DSQRT(AX( 1)-COSINE)
000503 Yl=DTAti(Y)
0054 ZiZD0NE*Y1
0055 Z2A=ZONE*X
0056 Z2.Z2A-ZI
0057 Z3-Z0NE-Z2A*Zi
005B Z9zZ2/Z3
0059 Z10O'ZOC0NE*(-K3)
0050 Zi1mzi0~z9
0061 Z11RE=SLLL.Y(I)
0CE2 211 XMISILLY (2)
00-33 ZMýDS0RT (ZI1 RE*02,Z I IIM* *2)
0064 1F(N(l) .EQ. 1) GO TO 141
0065 IF(N(I) .GE. 2) GO TO 142
0066 141 IF(ZM.LE.ONE.AND.Z11RE.GE.ZRO) GO TO 150
0067 IF (VA. LE. ONE. AND. Z11RE. LT. ZRO ) GO TO 151
006B IF(Z.ZM.GT.ON4E.AND.Z11RE.GE.ZRO) GO To 152
006¶3 ir(zm.GT.ON1E.AND.Zl1RE.LT.ZRO) GO To 153
0070 142 IF(ZMA.LE.ONE.AND.Z~iRE.GE.ZRO) GO TO 170
ý071 IF(ZM.I.E.ONE.AN0.ZlIRE.LT.Z'!') GO To 171
0072 IF(ZM.GT.ONE.ANO.Z11RE.GE.ZRO) GO To 172
0073 IF(ZMGT.ON4E.ANO.Z11RE.LT.ZRO) GO TO 173
0074 1SO B=ONE
0075 A=42.D-1-DX/LW
00-16 G' TO 160
0077 151 B=22% 0-1
0070 A=2.DO-DX/LW
0079 GO TO 160
0080 1582 B=ONE
0081 A=6.DO0-DX/LW
0082 GO TO 160
0083 153 Bz18.D-1

0084A=DX/ LW
0085 GO TO 160
0086 170 NDB=N(fl
OCfl7 B=(ND8-ONE)*PII+7854.D-4
0088 A=4.00.DX/LW
0009 GO TO 160

* .0090 171 N08=N (I)
*0091 B-N08*PII7854.0-4

0092 A-4.[00*DX/LW
0093 GO TO 160
0094 172 NDB-N(1)
0095 6z(2.DO*NDO-1.DO)*15708.b-4-2.D-1/ND08
0096 Av0X/LW
0097 GO TO 160
0098 173 NDB-N(I)
0099 Bz(2.DO*ND8-1.OO)*15708.0-4+2.01I/N08
0100 A=DX/LW
0101 160 TAHAnDTANH(A)
0102 TANBDTAN(B)
0103 A2.TAHA*(ONE+TANe**2)/(ONE+TAHA**2*TAN8**2)
0104 82=TANB*(ONE-TAHA*P2)/(ON4E+TAHA**2*TANBa.*2)
0105 Z14RE=(A4.A2+B*02)/(A**2+8.*2)
0 1 OF; Z14.IM= (A*B2-B*A2)/(A**2+B**2)
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Program 3, continued
0107 ERRORi=D5ORT( (Z14RE-ZIl1RE)*.24(Z141M-Z11 IM)"*2)
Ol1 u COUNTE0
0109 440 COUNTaCOUNT*I
0110 . D 400 K-1.22
0111 SOLDsSTEP(K)
0112 1AHAwDTANH(A)
0113 DO 600 U=1,2
0114 420 WE-ONE+STEP(K)-F(d)
0115 KOUNT=0
0116 401 KOUNTd(OUNT+1

0117IF(KOUNT.GT.10.AND.STEP(K).LE.1.D-3) GO TO 411
011is 00 TO 425
0119 411 STEP(K)=STEP(K)s10.00
0120 G0 TO 420

0 121 425 BOLD-B
0122 Z1410D-Z141MA
0122 ZI4ROD=ZI4RE
0124 EROLDmERRORI
0125 BinB*WE
0126 TANS.DTAN(S)
0127 A2-TAHlA*(ONE+TANE-*2)/(ONE+TANA**2*TANB**2)
0120 62:TANE.(ONE-TAHA.*2)/(ONE+TANA**2*TANBS*2)
0129 ZI4REt(A.A2+B*92)/(A*42+B**2)
0130 ZI4IM=(Aw62-B*A2)/ (A**2+B**2)
0131 ERROR 1 DSQRT((214RE-ZIIRE)s*2+(ZI4IM-ZII IM)**2)
0132 IF(ERRDRI.LE.EROLO) GO TO 401
0133 ZI4IMZ214IOD
0134 Z14RE=ZI4ROO
0135 B'BOLD
0135 ERRORI=EROLD
0137 STEP(K)=5OL0
0136 600 CONTINUE
0139 TANS.DTAN(B)
0140 DO 700 J=1,2
0 141 421 wEEONEt-STEP(K)SF(J)
nl14

2  fIITl

0143 402 KOUNTmKOUNT+1
0144 IE(KOUJNT.GT.10.AND.STEP(K).LE.1.O-3) GO TO 412
U145 GO TO 428
0146 412 STEP(IS)-STEP(K)*10.D0
0147 GO TO 421
0146 42E AODL-A
0149 Z'14RODzZl4RE
0150 -,410D=Zl4IM
0151 EROLO-E~RRORI
01152 AmA*WE
0153 TAHAODTANH(A)
0154 A2=TMH-A*(0NE+TANB**2)/(0NE+TAHA**2*TAN8**2)

0155 B2-TANB* (ONE-TAHA*t2)/(ONE+TAHA**2*TANBss2)
0156 Zi4PE=(A-A2+B*E2)/(A*.2+8**2)

F 0157 V 41Mm ( A*82-B*A2) /(A**2+8**2)
01509 ERRORI:DSQýRT((ZI4RE-Z11RE)**2+(Z141M-ZIIIM)**2)
0159 IF(ERROR1.LE.EROLO) GO TO 402
0160 Z14RE=Z14ROD
0161 Z141M=Z14IOO
0162 A=AOLD

0164 STEP(K)=SOLD
015700 GOOTOI450

0168IF(RROR.GTI.D-.AN.CCUT.L.2)GO TO 440

0170 ZI2NEJSIZi2RE+ZI2IM)*.2

0175 O2ZOn~KFCCO

0176 -11-EFC
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Program 3, continued

0177 H;ZCNE+iW
0178 Z15=(G+Z13)/H
0179 Z14R=ZONE*Z14RE
0180 Z14IZOQNE*Z14IM
0181 Z14-Z14R+Z141
0182 Z16-Ztl/Z14
0183 RA=FAKE(1)
0184 AIMf-FAKE(2)
0185 C1C-Cl*(CNE+(T(I)-TO)*TC6)
0186 C2C(I)=C2.(ONE+(T(I)-T0)*TC6)
0187 KAPPAtFAKE(l)

•0188 TANUzAIM/RA
0189 IF(FC.GT.O.O0) GO TO 210
0190 LliDLOGIO(D2(I)/C1C)+DLOGIO(C2C(I)/D3(I))
0191 L.2=DL0G10(D3(I)/D2(M))
0192 L3=DLOG10(C2C(I)/C1C)
0193 R=ONE-LI-KAPPA*(ONE+TAND**2)/L3
0194 KAPPAC-R-KAPPA/((L3/L2)-TWO*LI*KAPPA/L2+(ONE-R)*L1*KAPPA/L2)
0195 TANDC-TAND/R

0196 RE=KAPPAC
0197 TAM-TANDC-TANW*DOA/DA
0198 AIMfRE*TAM
0199 GO TO 15
0200 210 RE=RA+8368.D-4*(RA**2-RA)*(C2C(I)-D3(I))/C2C(I)
0201 18 TAM.AIM/RE-TANW.DDA*(4.2D-I+W/RA)/((4.2D-iW).DA)
0202 AIM=RE*TAM
0203 15 WRITE(6,300) SNC,OX,DCFCC,B,RE,AIM,TAM,Z16
0204 SIGMA(I)=1.6669198D-2*AIM/DSQRT(LW02)
0205 10 CONTINUE
0206 WRITE(6,301)
0207 DO i 1I=I,NX
0208 WRITE(6,302) T(I),SIGMA(I),C2C(I)
0209 11 CONTINUE
0210 GO TO 77
0211 88 CALL EXIT
0212 END

In the latter part of this report period we have investigated the

possibility of using derivatives iJLL ce shorted line (also corresponding

relations in the open circuited line) calculations for finding a and b in

the expression

tanh (a + jb) / (a + jb) - C + JD

when C and D are known. In principle the use of derivatives to extrapolate

to the solution could provide faster, more efficient programs than the

blind stepping method we have used. In practice we found that the damping'

required (in a general use program) because of large changes in values of

the derivatives resulted in little or no improvement.

If approximately correct initial values of a and b are obtained

from charts (or in the case of thin samples at the quarter wave plane,

from algebraic expressions) iteration using derivatives is useful, as in our

programs for the RP9810A calculator. These are available on request.

-12-
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DATA INDEX
Page

I. Inorganic compounds

Aluminum nitrides

CVD, General Electric 18

Hot-pressed (HP-92), General Electric 18

Aluminum oxide

Single crystal, sapphire, Unknown 18

Ceramic, Wesgo 4078, Western Gold & Pt. 18

Aluminum oxynitride crystal, AMMRC 18

Beryllium oxide

Ceramic, 418S, Ceradyne 19

Ceramic, I150, Unknown 19

Boron Nitride

Cubic, CVD, General Electric 19

Hot-pressed, Grade HP, Carborundum 19

Hot-pressed, Grade HBC, Union Carbide 19

Woven fiber, BN-3DX, Ford Aerospace 19

Cordierite ceramics

Brunswick 2, Brunswick 19,20

Coor CD1, Coors 20

"Rayceram" QNP 2102, Raytheon 21

Cordierite + 10% TiO2 , Raytheon 21

Ferrites

TT-I-105, Transtech 22

"Ferrimag" 5 (BaO-6F 2 03 ) , Permag 22

Germanium mullite, General Electric 22

Lithium Niobate, MIT Lincoln Lab. 22

Magnesium fluoride, IRTRAN 1, Eastman 22,23

Sialons and Silicon nitride

SiN + 6% CeO2 + 15% BN , AFML (Rub) 23
3 42

G.E. 128-2, General Electric 23 L
G.E. 129-1, General Electric 24

G.E. 130-1, General Electric 24

Silica

Corning 7940 (1979), Corning 24,25
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Data Index (cont.)
Page

Silica (cont.)

Slip cast with moisture proofing, Harbison-Walker 25

Slip cast, Brunswick 201B (1978), Brunswick 26

Silica Composite, General Electric/RSD ADL-4D6 26

Silicates

Corning 9754 glass, Corning 26

"Cervit" Glass-i, Owens-Illinois 27
Silicon carbide, Vesuvius Crucible 27

Silicon carbide + glass matrix, ITT Gilfillan 27

Silicon nitride

Bintered, AMMRC 27
Hot-pressed, HP-X-214, AMMRC 27,28

Ceralloy 147Y-1, Ceradyne 28

Chemical vapor deposition, General Electric/RSD 29

Silicon nitride plus BN fibers, AVCO 29

Silicon mullite, ceramic, General Electric 29

Sulfur, Merck Chemical 30

Zinc sulfide (IRTRAN 2), Eastman Kodak 30

Zirconia fiber products, Zircoa 30

II. Miscellaneous Inorganics

Pyroceram 9606, Corning 31,32

Pyroceram 960Q, Corning 33

Pyroceram 960Z, Corning 34

Pipe Insulating Compound, fresh mix, Lebanon Steel Foundry 34

Chimney Flue Liner, MIT, Melcher 34,35

New Jersey Sand #2, initial H 20 4.25%, MIT, Melcher 35
III. Organics

"Laminac" 4123, American Cyanamid 36

IL-TOOl Absorber, TDK Industries 36

Ferrite-Epoxy Resin Mixtures, AMMRC 36

"Nylon" 66 , E.I. Dupont de Nemours & Co. 36,37

AL-300, polyimide laminate, Atlantic Laminates 38

"Avcoat" 8029, AVCO 38

AVCO K96 , AVCO 38
Dielectric insulation boards, Cincinnati Milacron 39

3
"Ethofoam" .0381 gm/cm , Dart Industries 39

"Rulon" II , Dixon Industries 39
"Kevlar" laminates, E.I. Dupont de Nemours & Co. 39, A0

-14-
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Data Index (cont.)
Page

"Keviar" Ropes, E.I. Dupont de Nemours & Co. 41,42

"Riston", exposed film, E.I. Dupont de Nemours & Co., also "Mylar" 43

"Sclair" polyethylene, Dupont of Canada 43

"Tefzel", E.I. Dupont de Nemours & Co. 43

"Eccofloat", Emerson & Cuming 43
"Eccofoam" HiK 625 , Emerson & Cuming 43

"Stycast" 1.9 , Emerson & Cuming 43

"Esscolam" VI 8166, ESSCO 43

"Lexan" General Purpose Grade, clear, General Electric 44

"Lexan" 500, polycarbonate 44

"Noryl" (s) , General Electric 44

PPO-534-801, polyphenylene oxide, General Electric 44

RTV's , General Electric 44

Marco 28C , Grace Industries 45

Polyethylene with olive drab pigment, Hardigg Industries 45

Radome fabrics, Hoover Industries 45

Polyethylene with 20 % wt gamma ferric oxide , Hellerbond 45

Hercules PC-072-2 polypropylene, Hercules 45

"Hycar" E4109 , Hycar 45

"Thermocomp" DFI008, Liquid Nitrogen Proc. Corp. 45

LNP-OF-1006 polyphenylene sulfide , LNP 45

LNP-GF-1006 polysulfone , LNP 46

"Loctite" LI-260 , Loctite Corp. 46

Bondex 420 , Loctite Corp. 46

"Merlon" 1799 polycarbonate, Mobay Chemical Corp. 46,47

Naphthalene C1 oH8 H MIT Material Science 47

Laminated polypropylene, MIT, Lincoln Lab. 48

RX-18 polymethylpentene Mitsui 48

TPX Natural , Mitsui 48

"Texin" 355D, Natural polyurethane, Mobay Chemical Corp. 48,49

Polysulfone board, Norplex Division, UOP Inc. 49

Plastics, Phillips Petroleum Co.

Polyphenylene sulfide, Type R-4, glass filled #52263 50

Polyphenylene sulfide, Type R-3, Glass & Mineral filled 50

#52264

Polyphenenylene sulfide color cmpd. Type R-10, glass

Polysulfone, mineral filled, #52266 50
-15--
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Data Index (cont.)
Page

ll.Organics (cont.)

Plastics, Phillips Petroleum Co. (cont.)

Polysulfone #52267 50

Polybutylene terephthalate, glass filled #52268 50
Polybutylene terephthalate, #52269 50

Polyacetal, glass filled #52270 50
Polyacetal #52271 51

Polypropylene #52272 51

Cross-linked polyethylene CL-100 51
Ferrite Absorber Mixes with Dow Corning 184, Raytheon 51
"Plexiglass" V811-100, polymethylmethacrylate, oven dry 51,52

Rhom & Haas Co.

Richo 31001 polyurethane, Richo Plastics 52
"Duroid" 5650 M-5, Rogers 53

"Duroid" 5870, Rogers 53

Polybutylenes, Shell 54

"Epon" 828, Shell 54

Various plastics

Cycloaliphatic resin 54

Polyester, casting, faces 1 & 2 54

"Epon" 815, clear & white 54

Ciba 2793, clear 54

HY 917 54

DCR 7521 54

Hetron 92FS 54
"Stafoam" 54

Richo 90-578 + 34-841 54

Rigid polyurethane foams 54

"lellite" RCP , Tellite 55

"Mindel" Stabilized basic polysulfone, Union Carbide Corp. 55

"Radel" polyphenylsulfone, Union Carbide

1976 "Radel" 56

A ~"Radel" 5000, 1977 57,58 I-
"Udell" P1700, Blend 63-72, Union Carbide 58,59

"Udell" V8000, 1977, Union Carbide 59,60

i, Printed Circuit Boards, Union Carbide

Polyimide laminate, 11848-12-3 60

Polyolefin, crosslinked, 11848-12-2 60

-16-
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Data Index (cont.)

III. Organics (cont.) Page

Printed Circuit Boards , Union Carbide (cont.)

Polysulfone P-1700, 11848-12-1 61

Polysulfone P-1720, 11848-12-2 61

Epoxy 2795/2793 with UV stabilizers, Union Carbide 62

Polymer with tungsten wire reinforcement, AFML 62

Polyurethane Foam CPR 1057-6.24, UpJohn 62

IV. Liquids

Crude Oils, MIT 62

Carbon tetrabromide, MIT 63

Dioctalphthalate, MIT 63

Water-Acid Solutions, MIT for JPL 63

DIELECTRIC PARAMETERS

Dielectric parameters in this series of reports have the variables

in one of the following notations:

K , E'/eO, K, KI, dielectric constant relative to vacuum
K", t"/eo, K2, dielectric loss factor relative to vacuum

tan 6, tan 6d, TAN DELTA, D.F., dielectric los1 tangent (dissipation-

factor)

Kl, p'/po, magnetic pearmeability relative to vacuum

K /, J"/Io, magnetic loss factor relative to vacuum

tan 6m, magnetic loss tangent

0, a.c. volume conductivity in mho/cm

p, a.c. volume resistivity in ohm-cm

p

-17-
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MATERIALS INDEX
I. Inorganic Compounds

Aluminum nitrides Ceneral Electric/RSD Measurements made under A!MfRC con-
tract I)AAC46-79-(•-0oi% , re*fere-il jll{( t •r!: ,• tf'R(-'1R8I-45 (jax.'Ih I *$2)

CVD-AIN-3 24 GHz,E parallel Hot-pressed (HP-21) 2.64 gm/cc(81%)
to deposition plane

T°C K tan 6 T C K tan 6
30 7.47 .0020 27.5 5.963 .0021696 7.56 .0019 136 6.038 .00243205 7.68 .0026 222 6.090 .00275300 7.83 .0122 311 6.144 .00239401 7.98 .0225 408 6.202 .00234

518 8.21 .0606 507 6.285 .00276589 8.36 .110 607 6.380 .00320672 8.59 .181 708 6.457 .00372723 8.74 .248 738 6.492 .00395800 9.0 .35 800 6.549 .00435

Aluminum oxide

Single crystal, sapphire Unknown

E I to optic axis, 8.5 GHz

K tan 6
Sample 1 9.42 .00006 + .00004

2 9.38 <.00002

Ceramic, Wesgo 4078 
Western Cold & Pt.

8.5 GHz, 240C

K tan 6

9.31 .00034

Aluminum oxynitride crystal 
A{?RC

T°C Freq., Hz 102  103 104  10 10 10
25 K' 8.56 8.56 8.56 8.56 8.56 8.56tan 6 .0015 .0011 .0006 .0005 .0005 .0004

a 7.1E-13
150 K' 8.62 8.60 8.60 8.60 8.60 8.60tan 6 .0033 .0037 .0024 .0018 .0010 .0006

a 1.6E-12
I 300 K' 8.97 8.79 8.72 8.65 8.64 8.64tan 6 .0270 .0108 .0044 .0029 .0026 .0021a 1.343E-11

400 K' 10.0 9.40 9.13 8.95 8.76 8.72tan 6 .0709 .0495 .0229 .0078 .0037 .0031a 3.94E-11
500 K' 14.0 11.7 9.92 9.18 8.95 8.87tan 6 1.014 .212 .0941 .0370 .0136 .0070S7.89E-10 1.38E-9

-18-



Beryllium oxide

Ceramics

418S Ceradyne K150 Unknown

23 0 C, 8.5 GHz 023C, 8.5 GHz
Density - 2.842 g/cm3 Cn8.5 0ta

Sample Density K tan 6
K' - 6.60; tan 6 - .00030 (g/cm3 )

1 2.891 6.715 .00037
2 2.882 6.688 .00039

Boron nitride

Cubic, CVD Specimen No. 1025(3) General Electric/RSD measured under

24°C, 24 G~z AMMRC Contract No. DAAG46-79-C-0047;
reference AMMRC TR79-45(August, 1979)

K' - 7.01; tan 6 = .0048

Hot-pressed, 8.5 GHz, 24°C

Grade HP Carborundum Grade HBC Union Carbide

Sample Density K tan 6 Sample Density K tan 6
(g/cm3 ) (g/cm3 )

1 1.895 4.28 .00078 1 1.943 4.10 .00015
2 1.879 4.27 .00078 2 1.944 4.08 .00013

Wnvrn fiber

BN-3DX 59-1-1.74 14 GHz Ford Aerospace

24 0 C Face 1, rotation 00

Face Rotation,* K tan 6 T0 C K tan 6

1 0 3.775 .00111 200 3.796 .00105
90 3.683 .00047 400 3.797 .00114

2 0 3.706 .00066 600 3.805 .00092
90 3.720 .00148 800 3.818 .00135

Cordierite ceramics

Brunswick 2, 8.5 GHz Brunswick

LAgainst short X/4 away
p Density

Sample Face K tan 6 K tan 6 (g/cm3 )

1 1 4.735 .00050 2.4472^
2 4.729 .00047

2 1 4.730 .00050 4.69 .00047 2.5521
2 4.722 .00047

3 1 4.717 .00051 2.4372
2 4.711 .00056.2.4372

.19-
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Cordierite ceramics (cont.)
Brunswick 2 (1+2+3) stacked Brunswick 2-2

Silver paint + silver foil

Resonant-cavity method TE114 Standing-wave method

T°C K tan 6 T°C K tan 6

25 4.7237 .00050 23 4.729 .00052
81 4.7410 .00054 100 4.7'4 .00054

103 4.7484 .00054 200 4.790 .00062
133.5 4.7585 .00057 300 4.829 .00137
162 4.7664 .00058 400 4.863 .00283
200 4.781 .00066 500 4.890 .00570
232 4.7936 .00081 600 4.935 .0115
261 4.806 .00114 700 4.980 .0228
372 4.8464 .0023 900 5.09 .080
409 4.8606 .0033
418 4.865 .0035 AK/K 0 4.8205-4.7237

at 300 C -* -544723457 4.886 .0046 AT 4.7237 x 275
500 4.937 .0061 AK/K a

AT-at 900 C 8.70E-5

Coor CDI Coors

Against short \/4 away

Sample Face K tan 6 K tan 6 Density
(g/cm

3 )

1 1 4.858 .00133 4.857 .00122 2.4709
2 4.859 .00129 4.856 .00120

2 1 4.885 .00122 4.872 .00120 2.4816
2 4.881 .00122 4.871 .00121

3 1 4.894 .00134 4.884 .00121 2.4862
2 4.894 .00124 4.883 .00120

Coor CD1-1, silver paint + silver foil

Resonant-cavit' method Standing-wave method

T C K tan 6 T°C K tan

26.3 4.8593 .00130 23 4.857 .00130
88 4.8772 .00145 100 4.881 .00146

119 4.888 .00157 200 4.913 .00200
131 4.891 .00164 30(1 4.943 .00307
166.7 4.905 .0018 400 4.975 .00538
210.5 4.919 .00229 500 5.009 .0111
243 4.928 .00243 600 5.046 .0189
265 4.935 .0025 700 5.092 .034
287 4.941 .0035 800 5.142 .060
308 4.955 .0039 900 5.202 .110
327 4.962 .0045
346 4.971 .0050 AK/K a .0917 6.89E-5;
373 4.983 .0072 AT- at 300° 4.859 x 273.7

AK/K at 900 oc - .345 8.10E-5
AT 4.857 x 877

-20-
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Cordierite ceramics (cont.)

"Rayceram" QNP 2102 Raytheon

Resonant-cavity method

4.17 GHz (TEll1 mode) 8.73 GHz (TE113 mode)

T0C K tan 6 T0C K tan6

20.5 4.7448 .0018 20.5 4.7439 .00165
64 4.7600 .0019 74.7 4.7633 .0019

104.5 4.7767 .0022 100.5 4.7761 .0020
255.3 4.837 .0034 254 4.8335 .0034
334 4.869 - 295 4.8492 .0041
368 4.880 - 374 4.9018 .0052

414 4.9145 .0057

Standina-wave method

"Rayceram" QNF 2102 in room- At 8.515 GHz
temperature holder

K TC K tan6

Pc. 1 4.734 .00154 23 4.736 .00154
Pc. 2 4.701 .00157 100 4.769 .0020
Pc. 3 4.714 .00155 200 4.809 .0033
Pcs. 1/2/3 4.736 .99157 300 4.852 .0047

400 4.897 .0063
5U0 4.944 .0082
600 4.992 .0102
700 5.040 .0124
800 5.096 .0152

Cordierite + IC% TiO2  Raytheorn

8.515 OHz, staiding-wave method

T°C Face K tanS

24 RTH 1 6.277 .00144
24 2 6.272 .00143

28 HTH 2 6.252 .0015
100 6.252 .0017
200 6.280 .0026
300 6.292 .0041
400 6.314 .0058
500 6.353 .0077
600 6.391 .0101
700 6.425 .0134
800 6.443 .0153

fM
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Ferrites Transtech

TT-1-105 2.45 GHz

T C E'/C tan 6 Conductivity p'/o tan 6 Attenuation
0 (mho-cm) 0 m (dh/cm)

25 12.8 .0008+.0005 1.4E-5 -. 160 -10.03 13.6
50 3.2.8 .001 1.7E-5 -. 141 - 8.60 11.4
75 12.8 .0012 2.E-5 -. 081 -11.0 9.36

100 12.8 .0015 2.6E-5 .023 23.8 6.47
125 12.9 .0015 2.6E-5 .162 1.34 2.64
150 12.9 .0011 1.8E-5 .48 .035 .160
175 13.0 .0015 2.65E-5 ,80 .0086 .0623200 13.1 .0025 4.46E-5 1.053 .0062 .073

250 13.3 .0067 1.21E-4 1.036 .0072 .117
300 13.4 .0139 2.53E-4 1.031 .0080 .184
350 13.6 .0314 5.81E-4 1.019 .0094 .344
400 13.8 .070 1.31E-3 1.014 .0124 .707
500 14.1 .392 7.5E-3 1.00 .028 3.71

I GHz

25 12.8 .0005+.0003 3.6E-6 2.097 2.097 7.7

"Ferrimag" 5 (BaO-6F 2 0 3 ) Permag

24 0 C, 14 CHz

K' = 20.+5, tan 6 d 0/-o 1.37+.1, tan 6 - .024+.01

Germanium mullite General Electric
24 GHz

T°C K tan 6 2TC K tan6

25 6.92 .0003 450 7.54 .0071
77 7.00 .0002 540 7.6i .0128

100 7.03 .0003 606 7.76 .0152
180 7.16 .0011 674 7.85 .0180
300 7.33 .0033. 734 7.93 .022
375 7.44 .0048 800 8.04 .026

Lithium Niobate MIT Lincoln Lab.

24 GHz

E IIY Eli X

K 27.9 39.
tan 6 .0122 .0054

Magnesium fluoride, IRTRAN 1 Eastman Kodak
8.5 GHz 230 C

K - 5.276 tan 6 - .00017
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Magnesium fluoride, IRTRAN I (cont.) Eastman

24 GHz

0 0
T°C K tan 6 T°C K tan 6

25.3 5.29 .0001 367 5.78 .0006
53 5.33 .0001 451 5.93 .0007

104 5.39 .0001 517 6.06 .0009
146 5.45 .0002 597 6.23 .0013
194 5.52 .00025 654 6.36 .0022
239 5.57 .00035 722 6.6 .060
293 5.66 .0005

Sialons and Silicon nitride AFML (Ruh)

Si 3 N4 + 6% CeO2 + 15% BN

1800oC vacuum hot-pressed, 3 1900°C vacuum hot- ressed, Jan. 1978,
20 Dec. 1977, density-2.866 g/cm density-2.848 g/cmg

14 GHz

Face Rotation T0C K tan 6 Face Rotation T°C K tan 6
(degrees) (degrees)

1 0 22 7.175 .00966 1 0 22 7.166 .0131
90 22 7.157 .00931 90 22 7.131 .0138

2 0 22 7.159 .00935 2 0 22 7.144 .0133
90 22 7.148 .00875 90 22 7.173 .0134

1 0 100 7.25 .0125 1 0 100 7.22 .0154
200 7.35 .0180 200 7.32 .0210
300 7.45 .0247 300 7.42 .0249
400 7.58 .0357 400 7.53 .0415
500 7.72 .0475 500 7.65 .0548
600 7.88 .059 600 7.78 .070

G.E. 128-2 General Electric

Resonant-cavity measurements Standing-wave measurements at 24 GHz
at approx. 8.5 GHz

T°C K tan 6  T 0( K tan 6

25 7.67 .0014 25 7.65 .0028

100 7.72 .0014 100 7.67 .0022

200 7.78 .0015 200 7.69 .0024
300 7.85 .0015 300 7.73 .0025

400 7.91 .0015 400 7.78 .0026

500 7.97 .0015 500 7.84 .0027

600 8.05 .0015 600 7.89 .0027

700 8.13 .0016 700 7.95 .0026
800 8.23. .0017 800 8.02 .0025

900 8.30 .0018 25 7.76 ,0019
1000 8.40 .0021
1100 8.51 .0026
1150 8.57 .0030
1200 8.62 .0037
1220 8.65 .0040
1250 8.70 .0050 -23-
1270 8.75 .0098 ,".
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II

Sialons and Silicon nitride (cont.)

G.E. 129-1 General Electric

Resonant-cavity measurements Standing-wave measurements at 24 GHz
at approx. 8.5 GHz

0 0CT°C K tan 6 T°C K tans
25 7.79 .0015 25 7.67 .0016

100 7.815 .0016 100 7.68 .0022
200 7.86 .0017 200 7.70 .0028
300 7.91 .0017 300 7.73 .0031
400 7.97 .0018 400 7.77 .0031
530 8.03 .0019 500 7.82 .0032
600 8.09 .0020 600 7.87 .0033
700 8.16 .0021 700 7.94 .0035
800 8.22 .0022 800 8.01 .0040900 8.30 .0023

1000 8.37 .0026
1100 8.46 .0030
1150 8.50 .0033
1200 8.57 .0038
1260 8.67 .014

G.E. 130-1

T°C K tan 6 T°C K tand

25 7.44 .0014 25 7.55 .00182
100 7.48 .0014 100 7.58 .00225 r"

200 7.53 .0015 200 7.62 .00266
300 7.58 .0015 300 7.65 .00274
400 7.62 .0016 400 '.69 .00272
500 7.66 .0017 500 7.72 .00268
600 7.71 .0018 700 7.77 .00276
700 7.75 .0019 700 7.81 .00292
800 7.81 .0020 800 7.87 .0031
900 7.87 .0022

1000 7.93 .0025
1100 8.02 .0040
"1150 8.08 .0057
1200 8.18 .0100

Silica

Corning 7940 (1979), 8.5 GHz Corning

In room-temperature sample holder

Samples K tan 6
1 Pc. 3.825 .00012 + .00003
2 pcs. stacked 3.816 .00010 + .00002
3 pcs. " 3.815 .00010 + .00003

4 pea. " 3.820 .0001227+ .000012

-24-
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Silica (cont.)

Corning 7940 (cont.) Corning

Temperature run, 2 pcs. stacked Temperature run, 3 pcs. stacked

T°C K tan 6 T°C K tan 6

22 3.815 .0001 + .0001 19.6 3.812 .00014 + .00005
- .00005

104 3.819 100 3.816 .00012
165 3.823 207 3.822 .00010
222 3.829 300 3.829 .00011
326 3.837 422 3.829 .00010
410 3.843 488 3.847 .00011
510 3.853 572 3.847 .00011
63.1 3.862 656 3.862 .00011
699 3.879 722 3.879 .00010
751 3.882 750 3.882 .00013

Not corrected for stacking error.

Temperature run, 4 pcs. stacked Previous resonant-cavity datat
**

T0 C K tan 6 T0 C K tan6

25.3 3.822 .00014 - .0003 25 3.823 .00015 + .00007
100 3.827 .00011 100 3.829 .00014
200 3.835 .00010 200 3.836 .00012
297 3.844 .00010 300 3.845 .00012
400 3.855 .00010 400 3.855 .00C12
493 3.866 .00012 500 3.866 .00012
600 3.878 .00013 600 3.878 .00012
725 3.894 .00014 700 3.890 .00012
760 3.900 .00014 800 3.904 .00013
800 3.905 .00014

25.0 3.823 .00014

Corrected for stacking error.

Corrected for thermal expansion and frequency shift from 4 to 8.5 GHz.

Slip cast with moisture proofing, 8.5 GHz Harbison-Walker

T°C K tan 6  T°C K tan6

22 3.224 .00075 600 3.281 .00250
100 3.233 .00095 700 3.293 .00335
200 3.242 .00092 800 3.304 .0042
300 3.247 .00090 900 3.317 .0050
400 3.257 .00140 22 3.198 .00054
500 3.268 .00180

-25-
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Silica (cont.)

Slip cast, Brunswick 201B (1978), 8.5 0Hz Brunswick
T°C K tan 6 T0C K tan 6

22 3.460 .00104 650 3.481 .00042
100 3.471 .00080 700 3.480 .00049
200 3.475 .00050 750 3.479 .00058
300 3.475 .00035 800 3.482 .00068
400 3.474 .00028 900 3.490 .00090
500 3.477 .00030 171 3.456 .00016
600 3.481 .00037 57 3.450 .00024

Silica Composite ADL-4D6 (1.59gm/cc) General Electric/RSD measured under
0 AMMRC Contract No. DAAG46-79-C-0047;

After preheat to 700°C reference AMMRC TR79-45(August, 1979)
8.5 GHz, Mode 1 --- continued 24 GHz As received'

T°C K tan 6 T C K tan 6  T°C K tan 6

22 2.656 .00153 503 2.673 .00062 24 2.878 .0072
1 hour 587 2.684 .00b92 117 2.878 .0055

22 2.660 .00218 735 2.703 .00120 217 2.856 .0039
67.5 2.658 .00202 790 2.709 .00132 271 2.841 .0023
83.5 2.657 .00185 835 2.714 .0016 320 2.833 .0016

116.6 2.655 .00093 973 2.726 .0028 404 2.823 .0018
123 2.654 .00083 1100 2.736 .0032 496 2.813 .0020
190 2.650 .00079 1178 2.741 .0036 546 2.809 .0021
252 2.649 .00061 1234 2.746 .0040 698 2.797 .0022
300 2.652 .00061 1290 2.77 .0045 750 2.793 .0023
411 2.663 .00120 1321 2.79 .0048 800 2.790 .0023
429 2.665 .00086 1400 2.82 .0057 95 2.822 .0020

8.5 GHz, Mode 2
22 2.8295 .00196 623 2.832 .00079

130 2.8284 .00122 731 2.835 .00126
189 2.826 .00086 1016 2.860 .00302

Silicates

Corning 9754 glass Corning

8.515 0Hz 24 GHz

T°C K tan 6 T°C K tan 6
22 8.72 .0069 23 8.69 .00894 100 8.91 .0069 8.83 .0090

200 9.18 .0070 9.05 .0093
300 9.47 .0072 9.29 .0097
400 9.78 .0074 9.55 .0103
500 10.08 .0079 9.83 .0108600 10.4 .0085 10.14 .0116
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Silicates (cont.)

"Cervit" Glass-1, 8.515 GHz Owens-Illinois

T°C K tan 6 T°C K tan6

22 6.38 .050 400 8.52 .145
100 6.87 .066 444 8.88 .184
200 7.37 .081 538 9.12 .346
300 7.85 .097

Silicon carbide Vesuvius Crucible

Four-terminal measurements on samples
of various conductivities

Sample Resistivity in ohm-cm
designation 100 Hz 1 kHz 10 kHz.

NR2 .661 .660 .658
NHl .06414 .06385 .06377
LRI .004593 .004592 .004509
LH1 .003604 .003598 .003587

Silicon carbide + glass matrix ITT Gilfillan

May stone .25, 2.45 GHz

T°C K tan 6 T°C K tan f

25 25.6 .247 300 29.5 .0983
100 26.2 .275 400 29.7 .108
150 27.2 .239 450 29.6 .109
200 28.7 .115 500 29.4 .127
250 29.4 .0956

Repeat run

25 25.6 .190 250 29.3 .0955
100 26.2 .154 300 29.7 .0984
200 28.7 .101 400 29.8 .107

Silicon nitride Samples from AMMRC

sintered, 8,515 GHz

Sample Face Rotation T0C K t~n
(degrees)

HP-X-214 1 0 25 8.653 .00744
90 8.646 .00735

2 0 8.586 .00655
90 8.590 .00654

7-24 1 0 7.787 .0229
90 7.742 .0214

2 0 7.455 .0226
90 7.511 .0262

8-3A 1 0 7.840 .467
90 -27- 7.828 .440
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Silicon nitride (,=ont.)

Hot-pressed, sample HP-X-214, 8.515 GHz AMMRC

0 0
T°C K tan 6 T°C K tan 6

23.5 8.63 .0064 493 9.17 .0067
100 8.70 .0066 596 9.30 ,.0065
207 8.81 .0065 679 9.40 .0064
290 8.92 .0065 700 9.44 .0066
395 9.06 .0070 752 9.50 .0067

Ceralloy 147Y-1, 24 GHz Ceradyne

Measurements in room-temperature sample holder

Rotation
Sample Face (degrees) tan 6

A 1 0 8.79 .00363
2 0 8.73 .00894
2 45 8.83 .00354
2 135 8.72 .00746

B 1 0 8.26 .00166
1 45 8.27 .00452
1 135 8.42 .00385
2 0 8.25 .0015
2 90 8.39 .0093

Temperature runs

A, Face 1, 0° B, Face 1, 00

T C K tan 6 T°C K tan6

25 8.79 .0036 25 8.26 .0016

100 8.84 .0041 100 8.30 .0017
200 8.90 .0047 200 8.38 .0019
300 8.97 .0056 300 8.47 .0023
400 9.05 .0061 400 8.56 .0024
500 9.14 .0063 500 8.66 .0023
600 9.23 .0061 600 8.77 .0031
700 9.33 .0062 700 8,88 .0048
750 9.38 .0075 750 8.93 .0057
800 9.44 .0091 800 8.99 .0067

I-
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Silicon nitride

Chemical vapor deposition, specimen No. 231 General Electric/RSD
Measured at 24GHz under ANMUC Contract No. DAAG46-79-C-0096; reference

AMMRC TR-81-45(March 1982) 24 GHz

T°C K tan 6 T°C K tan6

28.5 8.07 .0003 495 8.64 .0004
99 8.13 <.0003 460 8.73 .0004

208 8.24 624 8.82 .0004
294 8.34 650 8.87 .0004
358 8.44 696 8.95 .0005
414 8.53 <.0004 733 6.01 .0005

Silicon nitride plus BN fibers AVCO

Sample 1 at room temperature

Against short K' - 9.40; tan 6 - .118

X/4 away K< - 9.00; tan 6 - .144

Temperature run, average

T°C K tan6 T°C K tan 6

25 9.15 .131 500 9.33 .137
100 9.18 .132 600 9.38 .137
200 9.21 .135 700 9.53 .138
300 9.25 .136 800 9.47 .139
400 9.30 .137

Sample 2 at room temperature

Against short K' = 9.25; tan 6 = .125

X/4 away K' - 8.69; tan 6 - .144

Calculated as a magnetic sample:

K' - 8.04; tan 6d = .9215; p'/p° - 1.12; tan 6 - .121

Silicon mullite, ceramic General Electric

8.5 GHz, density 3.15 g/cm3 24 GHz, 3.12 g/cm3

T0C K tan 6 T°C K tan6

23 7.02 .0004 23,5 6,98 ,0002 + .0001
83 7.09 .0005 111 7,04 .0003

S207 7.21 .0008 2.3 7.14 .0004
357 7.40 .0023 276 7.22 .0012
440 7.55 .0043 374 7.34 .0032
534 7.60 .0062 460 7.46 .0070
573 7.75 .0067 554 7.59 .0138
632 7.84 .0072 607 7.66 .0177
698 7.95 .0073 660 7.73 .023
740 8.01 .0073 719 7.82 .030
800 8.12 .0072 740 7.86 .033
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Sulfur Merck Chemical

8.5 GHz

T0C Density K tan S
(g/cm3)

Pressed pellet 23 1.683 3.28 .00005+.00001

Fast cooled from 23 1.976 3.78 .00005+.00001
liquid

Pressed pellet 23 3.379 .000046
(m.p. 1200C)

48 3.378 .000062
65 3.378 .000052
88 3.379 .000008

101 3.375 .00012
126.7 3.289 .00038

Liquid 125 3.38 .0004
(b.p. 447°C) 140 3.38 .0007

160 3.38 .0005
180 3.39 .0006
200 3.40 .0006
223 3.40 .0007
240 3.40 <.002
260 3.41
280 3.41
300 3.38 <.004
320 3.33
340 3.28
360 3.24
380 3.20
400 3.17
444 3.14 <.005

Zinc sulfide Eastman Kodak

(IRTRAN 2), 8.5 GHz, 24 0 C, density 4.081 g/cm3

K' = 8.43; tan 6 - .00160

24 GHz

T°C K tan 6 T°C K tan 6

25 8.32 .00170 600 9.32 .0069
"100 8.44 .00172 650 9.56 .0148
200 8.61 .00175 700 9.75 .0244
300 8.79 .0019 730 9.92 .033
400 9.00 .0025 750 10.03 .037
500 9.24 .0029

Zirconia fiber products Zircoa

24 GHz, 24°C
K tan 6

"ZIRCAR" Type ZYW-30A 2.63 .0082
"ZIRCAR" Type ZYF-100 1.474 .0014
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I. I

I1. Miscellaneous Inorganics

""yroceram"9606 Corning

Measurements on a group of 12 samples received in December 1977 from
General Dynamics and one sample from Raytheon

Standing-wave measurements at 8.515 GHz, 240C

Face 1 Face 2

Sample Diameter K tan 6 Diameter K tan 6 Density
No. (inches) (inches) (g/cm3 )

1 BH .9993 5.5426 .00023 .9996 5.5418 .00022

1 OP 5.5457 .00020 5.5436 .00022

2 BH 1.0005 5.5382 .00018 1.0007 5.5389 .00018

3 1.0004 5.5430 .00020 1.0003 5.5431 .00019

4 .9992 5.5395 .00021 .9994 5.5405 .00021

5 .9998 5.5456 .00020 .9998 5.5465 .00020

6. .9993 5.5481 .00022 .9993 5.5457 .00020 2.5933

7 .9996 5.5396 .00021 .9997 5.5414 .00022

8 1.0000 5.5421 .00021 1.0003 5.5415 .00021 2.5914

9 .9998 5.5446 .00021 1.0000 5.5442 .00021 2.5929

10 1.0003 5.5428 .00021 1.0005 5.5448 .00021 2.592'

11 .9987 5.5359 .00023 .9992 5.5362 .00022 2.5898

12 .9997 5.5469 .00021 .9997 5.5461 .00020 2.5922

•H - Sample measured against bottom of sample holder.

OP - Sample measured a quarter wavelength from end using a polystyrene tube spacer.

Resonant-cavity measurements at approx. 8.5 GHz

#1 #2 #3 #4

0 0 0
T°F K tan 6  T°F K tan 6  K tan 6  T°F K tan 6

67 5.542 .00023 69 5.539 .00020 5.543 .00020 74 5.540 .00021

300 5.586 .0003 300 5.581 .00029 5.585 .00030 300 5.584 .0004

600 5.643 .0007 600 5.635 .0008 5.639 .0008 600 5.636 .0010

j 900 5.714 .0021 .900 5.701 .0014 5.712 .0016 900 5.713 .0018

1200 5.80 .0052 1200 5.784 .0045 5.79 .0045 1200 5.785 .0054

#5 #7 #8 #9

72 5.546 .0002 7Z 5.541 .0002 5.542 .0002 72 5.544 .0002

300 5.588 .0004 300 5.586 .0003 5.584 .0004 300 5.589 .0004

600 5.646 .0010 600 5.647 .0006 5.643 .00115 600 5.649 .0012

900 5.710 .0015 900 5.709 .0014 5.710 .0023 900 5.713 .0028

1200 5.793 .0045 1200 5.781 .0052 5.790 .0043 1200 5.786 .0056
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"Pyroceram"9606 (cont,)

Resonant-cavity measurements at approx. 8.5 GHz (cont.)

#10 #12

0 0T°F K tan 6 T°F K tan 6

72 5.544 .0002 70 5.546 .0002

300 5.589 .0004 300 5.589 .0004

600 5.649 .0008 600 5.646 .0010

900 5.715 .0018 900 5.714 .0021

1200 5.792 .0059 1200 5.798 .0058

#11 #6 Raytheon

T°F K tan 6  K tan 6 K tan 6

74 5.536 .00022 + 5 5.547 .00022 + 5 5.661 .0003 + 3.

300 5.581 .00028 + 5 5.587 .00030 + 5 5.697 .0005 + I

600 5.643 .0007 + 2 5.642 .00053 + 7 5.751 .0010 + 2

900 5.718 .0018 + 4 5.708 .0014 + 2 5.808 .0019 + 4
1200 5.81 .0041 + 5 5.79 .0042 + 4

Error in right digit shown for tan

Error inK + .002 except at tan0 6±+ .03
*Extrapolated from run to 752 0 F1

Average values for 12 samples from Gen. Dynamics

Dec. 1977, densities: 2.5898 to 2.5933 gm/cm From Raytheon Nov. 1979:

8.5 GHz 8.5 GHz

TOF T0 C K D.F. T0F TOC K D.F.
73 22.6 5.619 .00028

73 23 5.542 .00021 212 100 5.649 .00033
392 200 5.683 .00060

300 149 5.586 .0003 572 300 5.720 .00105 I.
752 400 5.760 .00165

600 316 5.643 .0009 932 500 5.804 .00263
1112 600 5.847 .00388

900 482 5.711 .0018 1292 700 5.888 .00567
1400 760 5.915 .0070

1200 649 5.79 .0049 1472 800 5.932 .0082
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"Pyroceram" 9606, continued

From Gen. Dynamics July 1978:

8.5 GHz

T0C K D.F.
22.3 5.419 .00030

100 5.453 .00047
200 5.501 .00069
299 5.549 .00097 "Pyroceram" 960Q Coming

400 5.601 .00139
500 5.661 .00197 Sample from Gen. Dynamics July 1978
600 5.725 .00294 8.5 GHz
700 5.781 .00469
750 5.814 .00569 TOF TVC K D.F.
810 5.864 .00734 73 23 6.268 .00024

122 50 6.259 .00022
176 80 6.254 .00022
212 100 6.257 .00024
248 120 6.262 .00026
284 140 6.270 .00029
338 170 6.282 .00033
392 200 6.296 .00042
572 300 6.334 .00050
752 400 6.377 .00098
932 500 6.424 .00236

1112 600 6.477 .0044
1292 700 6.542 .0074
1472 800 6.615 .0113
1517 825 6.638 .0124

4 ..

Pyroceram 960Q Sample from General Dynamics 1980

8.515 GHz 24 GHz

T°C K tan 6 T°C K tan 6

25 6.228 .00027 21 6.173 .00032
100 6.209 .00025 6.157 .0004

200 6.206 .00041 6.164 .0005
300 6.215 .00070 6.179 .0006
400 6.236 .00140 6.198 .0010
500 6.265 .00295 6.227 .0020
600 6.296 .0060 6.275 .0050
700 6.321 .0112 6.338 .013
800 6.35 .018 6.40 .020
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"Pyroceram" 960Z Corning

Sample from Gen. Dynamics July 1978 Samples from Cen. Dynamics 1980

8.5 -Hz 8.5 Glz 24 GHz
TGC K D.F T*C K D.F. K D.F.

23.1 5.732 .00026 21 5.688 .00024 5.663 .00062
90 5.771 .00038 100 5.737 .00052 5.695 .0005

150 5.811 .00053 200 5.795 .00097 5.743 .0008
231 5.861 .00074 300 5.853 .00208 5.790 .0012
297 5.901 .00095 400 5.919 .00305 5.843 .0017
350 5.938 .00118 500 5.987 .0054 5.900 .0028
435 5.999 .00169 600 6.054 .0105 5.960 .0048
525 6.064 .00278 700 6.132 .0162 6.030 .0076
585 6.107 .00370 800 6.19 .034 6.11 .912
653 6.164 .00550
690 6.188 .00655
730 6.218 .00805
765 6.242 .00966
800 6.272 .0115

Pipe Insulating Compound, fresh mix Lebanon Steel Foundry

2.'9 0Hz

TOF K D.F. TOF K D.F. C0omposition:

77 14.3 .15 500 1.22 .0096 Perlite 82 grams
10C 14.3 .18 600 1.23 .012 SSF 5 grams
150 14.0 .22 700 1.24 .016 Water 23 ml
200 13.6 .24 800 1.26 .021 Silicate 87 grams

water lost, unstable 900 1.28 .028 ZnO 13 grams1000 1.30 .040
300 2.8 .026 1100 1.33 .056
350 1.21 .0074 1200 1.38 .081
400 1.21 .0079

Chimney Flue Liner Sample from MIT,Melcher

D.C. conductivity (one-minute) versus temperature

T*C Sigma, mho!cm T0 C Sigma, mho/cm TOC Sigma, mho/cm

N' 22.5 4.40E-13 217.5 2.45E-10 583 5.53E-6
33 3.94E-14 232.6 4.88E-10 653 1.19E-5
55 1.33E-13 281 2.64E-9 704 1.88E-5
85 5.44E-13 302.5 5.11E-9 751 2.95E-5S

103.5 1.22E-12 411 1.21E-7 793 4.37E-5
137 5.19E-12 495 5.44E-7 841 6.83E-5
161 1.53E-11 12hrs at 245*C 907 1.24E-4
192 7.42E-11 439 2.08E-7 969 1.90E-4
199 1.13E-10 576 5.04E-6 982 2.05E-4
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CHIMNEY FLUE LINER

,000/T TDEG.C FREQ.,HZ K1 K2 TAN DELTA SIGMA,MHO/CM

2.3824 22.5 100. 5.254 0.793128 0.150943 0.44063E-10
3.3824 22.5 1000. 5.013 0.190604 0.038022 O.10589E-09
3.Z824 22.5 10000. 4.902 0.076039 0.015511 0.42244E-09
3.3824 22.5 100000. 4.728 0.048433 0.010244 0.26907E-08
3.3824 22.5 1000000. 4.677 0.038693 0.008273 0.21496E-07
3.3824 22.5 9500000. 4.586 0.037590 0.008196 0.19839E-06
2.6799 100.0 100. 5.831 0.634560 0.108831 0.35254E-10
2.6799 100.0 1000. 5.316 0.336510 0.0G3298 0.18695E-09
2.6799 100.0 10000. 5.041 0.157745 0.031295 0.87636E-09
2.6799 100.0 100000. 4.892 0.093367 0.019087 0.51870E-08
2.6799 100.0 1000000. 4.767 0.067494 0.014160 0.37497E-07
2.6799 100.0 9500000. 4.703 0.054057 0.011495 0.28530E-06
2.1135 200.0 100. 11.029 8.651924 0.784484 0.48066E-09
2.1135 200.0 1000. 7.353 2.188744 0.297670 0.12160E-08
2.1135 200.0 10000. 5.963 0.751230 0.125976 0.41735E-08
2.1135 200.0 100000. 5.377 0.330298 0.061433 0.18350E-07
2.1135 200.0 1000000. 5.041 0.176863 0.035083 0.98257E-07
2.1135 200.0 9500000. 4.872 0.105227 0.021619 0.55589E-06
1.7447 300.0 100. 45.871 216.696243 4.724037 011.J39E-07
1.7447 300.0 1000. 18.303 30.440948 1.663164 0.16912E-07
1.7447 300.0 10000. 9.321 5.454198 0.549772 0.30301E-07
1.7447 300.0 100000. 6.811 1.675701 0.246042 0.93094E-07
1.7447 300.0 1000000. 5.654 0.607396 0.107423 0.33744E-06
1.7447 300.0 9500000. 5.025 0.275409 0.054803 0.14535E-05
1.4q 5 6  400.0 100. 203.086 3021.52686 14.878033 0.16786E-06
1.4856 400.0 1000. 55.502 314.027588 5.657909 0.17446E-06
1.4856 400.0 10000. 20.490 39.550461 1.930255 0.21972E-06
1.4856 400.0 100000. 10.048 7,160682 0.712662 .0.39782E-06
1.4856 400.0 1000000. 6.826 1.731097 0.253602 1.96172E-06
1.4856 400.0 9500000. 5.554 0.569652 0.102563 (.30065E-05
1.2934 600.0 1000. 146.175 1804.77759 12.346718 0.10027E-05
1.2934 500.0 10000. 45.371 232.481750 5.124066 0.12916E-05

1.2934 500.0 100000. 18.036 33.052612 1.632572 0.18363E-05
1.2934 500.0 1000000. 9.184 6.321146 0.688289 0.35117E-05
1.2934 500.0 S500000. 6.103 1.639059 0.268581 0.86506E-05

8.5GHz 24%C as received, K-4.95, D.F.-.026; dry, K-4.81, D.F.-.012

New Jersey Oand #2, initial H2 0 4.25% M.I.T.,Melcher

Sigma, d.c. conductivity mho/cm
ST°C Sigma TVC Sigma TVC Sigma

28 2.11E-10 48 nours drying 475 2.02E-9

50 3.93E-I0 63 2.09E-13 490 4.18E-9
79 1-01E-1l 143 1.02E-13 549 2.20E-8S95 4.73E-12 229 7.99E-13 609 1.14E-7

127 5.97E-13 269 2.61E-12 705 8.65E-7146 7.21E-13 328 1.84E-11 747 2.73E-6
216 1.11E-12 395 1.25E-i0 831 4.56E-6
270 5.28F-12
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III. Organics

"Lamia.c" 4123 American Cyanamid

250C Freq., MHz K' tan 6

10 3.71 .0167

30 3.64 .0166

IL-TOOl Absorber TDK Industries
Sample from Army Materials and Mechanics

Research Center (AMMRC)
Frequency, GHz '1 1.685 2.45 3 5 8.5

K' 47. 43. 41.2 39. 36. 35.
tan 6 .104 .091 .102 .1445 .125 .085

1'/P o 4.03 2.84 2.11 1.785 1.064 .85
tan 6. .687 .937 1.20 1.218 1.585 1.29

a, att. db/cm 9.56 16.28 24.5 28.2 41.5 51.6

Ferrite-Epoxy Resin Mixtures A*MRC

FP-4 50 wt% ferrite

GHz 1 1.685 2.45 3 5 8.5 14 24

K 4.469 4.328 4.178 3.153 4.119 3.950 3.92 3.90
tan 6 .0947 .0883 .0874 .0825 .0819 .0620 .0512 .046
W'/PO 1.294 1.219 1.160 1.121 .979 .963 .989 1.00
tan 6m .0669 .1703 .1858 .1984 .190 .0528 .0163 .005

MAG-20 50 wt% 20 mesh magnetite I

K' 25.7 25.4 24.2 23.6 23.1 13.1 17.2 23.9
tan 6 .111 .109 .116 .114 .101 .0475 .03 .03
Ij /po 1.75 1.57 1.44 1.37 1.12 .937 .897 1.03
tan 6 m .276 .325 .378 .423 .515 .579 .49 .30

MAG-65 50 wt% 65 mesh magnetite

K' 16.84 16.5 16.46 16.3 16.25 16.16 18.8k j
tan 6 .0624 .0633 .0624 .0656 .075 .091 .0593*
I'/po 1.765 1.611 1.495 1.453 1.242 .985 2.149*
tan 6m .203 .254 .309 .326 .36 .419 .0979*

*freq. = 300 MHz

"Nylon" 66 E. I. Dupont de Nemours and Co.

As Received, .559% water After vacuum drying, 2 days, 68*C
Time, sec. Freq., Hz o mho/cm Time, sec. Freq., Hz a mho/cm

1000 4.96E-11 1000 2.61E-11
100 3.84E-1? 100 2.14E-12

60 .00265 6.95E-15 20 3.17E-13
300 .0053 4.15E-15 60 .00265 7.31E-17
778 .00020 2.59E-15 120 .00133 5.41E-17

2400 .000066 1.66E-15 180 .000S8 3.90E-17
300 .00053 2. 9 8E-17

Frequencies less than 20 Hz calculated as 1/(2nt); this assumes charging
current is negligible at these times.
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"Nylon" 66 E. I. Dupont de Nemours and Co.
Sample molded by AMP

Water Content - .13%

T,DEG.C FREQ.,HZ KI K2 TAN DELTA SISMAMHO/CM

25.0 10. 3.662 0.017556 0.004794 0.97532E-1325.0 20. 3.647 0.019707 0.005404 0.21896E-1225.0 30. 3.642 0.021817 0.005990 0.36362E-1225.0 50. 3.633 0.023715 0.006528 0.65876E-1225.0 100. 1.618 0.027065 0.007480 0.15036E-1125.0 200. 3.575 0.038884 0.010875 0.43204E-1125.0 300. 3.566 0.042309 0.011863 0.70515E-1125.0 500. 3.563 0.048911 0.013727 0.13586E-1025.0 1000. 3.546 0.053687 0.015141 0.29826E-1025.0 2000. 3.514 0.064390 0.018323 0.71545E-1025.0 3000. 3.483 0.067870 0.019484 0.11312E-0925.0 5000. 3.443 0.073324 0.021296 0.20368E-0925.0 10000. 3.403 0.076979 0.022619 0.42766E-0925.0 2U000. 3.388 0.078724 0.023238 0.87472E-0925.0 50000. 3.370 0.075890 0.022521 0.21081E-O025.0 100000. 3.338 0.073176 0.021923 0.40653E-0825.0 200000. 3.305 0.069027 0.020888 0.76697E-0825.0 300000. 3.295 0.067828 0.020585 0.11305E-0725.0 500000. 3.272 0.067459 .0.020620 0.18739E-0725.0 1000000. 3.247 0.063208 0.019458 0,35115E-0725.0 2000000. 3.218 0.065476 0.020345 0.72752E-0725.0 3500000. 3.200 0.067161 0.020990 0.13059E-0625.0 600O000. 3.181 0.066853 0.021019 0.22284E-0625.0 9500000. 3.154 0.066478 0.021075 0.35086E-0625.0 30000000. 3.145 0.067829 0.021566 0.11305E-05

Water Content - .23%

T,DEG.C FREQ.,HZ K1 K, TAN DELTA StGNA,MHO/CM

25.0 5. 4.413 0.108300 0.024539 0.30083E-1225.C 10. 4.364 0.102985 0.023590 0.57214E-1225.0 20. 4.316 0.098521 0.02-.16 0.10947E-11
25.0 30. 4.285 0.098263 0.022932 0.16377E-1129.0 50. 4.229 0.098553 0.023304 0.27376E-1125.0 100. 4.208 0.101789 0.024190 0.56549E-1125.0 200. 4.119 0.123972 0.030094 0.13775E-1025.0 300. 4.117 0.127763 0.031036 0.21294E-1025.0 500. 4.067 0.135662 0.033354 0.37684E-10 325.0 1000. 4.014 0.143965 0.035868 0.79981E-1025.0 2000. 3.957 0.148788 0.037600 0.16532E-0925.0 3000. 3.918 0.154694 0.039479 0.25782E-0925.0 5000. 3.868 0.155900 0.040306 0.43306E-0925.0 10000. 3.796 0.160411 0.042272 0.89117E-09
25.0 20000. 3.724 0.158407 0.042539 0.17601E-08S25.0 50000. 3.635 0.151328 0.041622 0.42035E-0O25.0 100000. 3.574 0.141872 0.039696 0.78818E-0825.0 200000. 3.507 0.128033 0.03$C0 0.14226E-0725.0 300000. 3.477 0.121737 0.035016 0.20290E-0725.0 500000. 3.450 0.113173 0.032808 0.31437E-07"25.0 1000000. 3.374 0.103135 0.030535 0.57297E-07;25.0 2000000, 3.3568 0.091325 0.02719C 0.10147E-0625.0 3000000. 3.324 0.085876 0.02586S 0.16698E-0625.0 6000000. 3.297 0.083500 0.025323 0.27833E-0625.0 0500000. 3.275 0.079812 0.024063 0.41595E-0625.0 30000000. 3.251 0.072724 0.022316 0.12121E-05



AL-300, polyimide laminate Atlantic Laminatea
8.5 GHz

TOC K D.F ToC K D.F.

26 4.65 .0192 179 4.64 .0238
48 4.71 .0203 21.2 4.64 .0238
71 4.69 .0212 23Y 4.57 .0220
96 4.70 .0239 259 4.58 .0229

123 4.72 .0235 279 4.58 .0229
148 4.65 .0228 26 4.39 .0103

"Avcoat" 8029 AVC0

Thickness 8.5 GHZThickness
(Cm" TOC K D.F. (cm) T0 C K D.F.

3.189 25 2.267 .00079 3.228 25
3.202 60.5 2.257 .00079 reheated
3.210 108 2.244 .00101 3.469 348 2.019 .0022
3.215 136 2.234 .00116 3.949 406 1.896 .002353.241 189 2.214 .00130 4.197 450 1.805 .00218
3.276 224 2.198 .00148 4.415 485 1.756 .00200
3.377 278 2.160 .00172 5.037 509 1.44 .0027
3.1432 300 2.142 .00188 liquid with bubbles
3.771 343 2.055 .0021

AVCO K96 sample one AVCO
8.5 0Hz

E perpendicular to E parallel to
hot pressing dir. hot pressing dir.

T0 C K Lan 6 Thickness K tan6
(cm) ,

20.3 2.464 .00207 1.9350 2.383 .00160
64.3 2.453 .00203 1.9424 2.375 .00187

101 2.441 .OC'I0 1.9504 2.362 .00173
148 2.432 .00212 1.9559 2.35). .00165

* 203 2.406 .00221 1.9711 2.326 .00091
250 2.347 .00239 2.0239 2.265 .00115
303 2.056 .00250 2.3077 1.980 .00133
347 N 2.56

sample two, E perpendicular to hot pressing direction
T0 C K tan 6 Thick,cm TOC K tan 6 Thick.cm
20.2 2.448 .00150 2.2110 2B8 2.368 .00143 2.3187

S57 2.443 .00136 2.2200 325 2.345 .00145 2.3522
84 2.436 .00140 2.2295 350 2.033 .00133 2.8405
101 2.431 .00132 2.2356 380 1.951 .00204 2.9830
130 2.424 .00130 2.2452 400 1.431 .00201 3.3168
148 2.418 .00127 2.2533 431 1.879 .00190 3.3124
188 2.399 .00100 2.2682 474 1.843 .00208 3.4829 1
208 2.390 .00112 2.2797 509 1.645 .00273 3.7028
248 2.385 .00136 2.2909
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Dielectric insulation boards Cincinnat Milacron

designation Freq. us 1 H 10 H 100 N 300 14 I G 3 G 8.5 G 14 G 24 G

PC-75 4.14 3.94 3.64 3.44 3.61 3.$9 3.565 + .02 3.556 3.54
tan 6 .0272 .0358 .037 .03170 .0324 .0259 .0245 .0250 .026

659462 . 4.40 4.22 3.94 3.59 3.A5 3.755 3.715 ± .01 3.700 3.685
tn .0305 .0377 .0415 .0394 .0355 .010A .0256 .0269 .029

11P424 K 4,49 4.22 3.95 3,69 3.82 3.76 3.710 + .2 3,69e 3.68
tan .0399 .044 .0455 .0449 .0394 .0337 .0300- .012 .040

1R-4* c 4.58 4.46 4.33 4,53 4.48 4.46 4.445 + .02 4.42 4.38
tan • .0200 .0202 .0187 .0150 3 0146 .0143 .0146 .0150 .016

HILCLAD K 4.11 4.02 3.94 3.93 3.92 3.92 3.914 + .01 3.912 3.90
CA7FR tan 6 .0118 .0130 .0132 .0127 .0115 .0105 .0099 .00955 .011

UNCLAD 3.86 3.78 3.69 3.76 3.71 3.675 3.645 + .01 3.635 3.625
MAO tan 6 .0126 .0114 .0110 .0109 .0105 .00928 .00817 .0095 .0105
CUNCLAD K 4.17 4.09 3.99 3.95 3.96 3.94 3.929 + .02 3.917 3.91

H•AIF ten 6 .0115 .0131 .0133 .0126 .0116 .0110 .0166 .0105 .0105

INCLAD K 4.10 4.01 3.92 3,89 3.8f 3.85 3.,•39 + ,01, 3.53 3.82
ACAI'2 tan 6 .0122 .0135 .0142 .0137 .0114 .0104 ,00995 .0103 .0109

1, 10, 100 N IJ- sheet; hlgher frequencies, al,

These are not Isotropic vithin 19 in K.

"Ethofoam" .0381 gm/cm3  Dart Industries

Freq., GHz K D.F. Sample from Sperry

3 1.042 <.0001

8.5 1,042 .00001 + .00001

"Rulo" . . ... . "Dixon Industries
24ec, Pro, rue

wtsq. a K. 0 100 ia 10 K 100 K J w to N 1 3 2.450 3 0
1 Subte

0 3.00 3.00 2.99 . .06 2.96 2.97 2.563 2.50 2.640
K" .0103 .0103 .00103 .005326 .00462 .00343 .055 .00472 .o00s .00517 .Sas .00344 .00342 .0023) .00176 .00135 .00115 .90006 .00163 .001o 0 .00152
u ho/vn 1.51-•6 3.441-13 5.71-13 3,90l-13 2,L 5-11 1•.6i-rn 1.aIs4 1.5M*8- 2.625-4 6.6&4 8.6154
p em/u tt6.69-15

.106. 106.6. 106x

26 2.063 W0479 .00165 2.62 2.M15 .00"sl .00170 6.60 2."4o .00!A7 .00192 8I.61

74 . 00503 .00176 I'll 2 .00520 .00113 7.07 2.932 .003 .00207 9.77109 2,836 ,OM6S .002112 3.36 2.835 AWL4 .00226 6.72[ 2.827 .00732 .00259 12.2

136 2 .25• on$•]3 .00321 $.9 •2.5)3 .00904 . 19 12.) 2.24 DIO .00372 17.
M73 21,51t :0131 .00531 6.41 2.059 .0151 .00531 20.5 2.619 .01" .00583. 27.4

• 203 L.M5 .0223 .047197 1-2.5 2.527 .0216 .00765 29.4 2.417 .022 .00311 30.1
2-9250 2!. W .0290 .0973 L.5 2.no .0274 .00969 37.3 2.519 .0290 .0103 45.4

2 2 W .035 .0013 2.4 1.32.4 53 0"o .00141 5.45

"icevlar" laminates E. I. Dupont de Nemours and Co.

8.5 GHz 22OC Samples from Sperry

After 21-1/2 days 95% R.H.

K tan .6 wt. %

#1 Face 1 0 4.16 .11i 4.084

#2 Face 1 0 3.93 .0772 3.230

#3 Face 1 0 4.19 .103 4.010

#14 Face 1 0 3.78 .0799 3.485
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"Keviar" laminates,continued As Received
Agtinsl SIhort Over A/4

Rotation
Sample (dcgrc) tan 6 %1120 r tani

#1 Face 1 0 4.24 .0534 3.505 4.098 .0707
90 4.08 .0756 4.176 .0736

Face 2 0 4.05 .084
90 4.11 .0819

#2 Face 1 0 3.65 .0369 2.613
90 3.72 .0357

#3 Face 1 0 4.17 .0886 3.677
90 4.24 .0895

#4 Face 1 0 3.59 .0478 2.784
90 3.72 .0451

Dried 2-1/2 days 80°C vac. oven

#1 0 3.35 .0092
90 3.38 .0063

#2 0 3.37 .0109
90 3.44 .0089

#3 0 3.43 .0110
90 3.47 .0099

#4 0 3.20 .0103
90 3.29 .0037

45 hours 95% R.H. Desiccator

1#1 0 3.84 .0661 3.039
90 3.92 .0672

#2 0 3.62 .0318 2.019
90 3.70 .0311

#3 0 3.79 .0500 2.575 I
90 3.84 .0503

#/4 0 3.60 .0465 2.637
90 3.73 .0448

Intermediate desiccation
i ~Rotation"

for Sample #3 flours (degrees) K tan 6 wt. %

69 0 3.88 .0583 2.931
90 3.93 .0585

100 3.228
139 3.465
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"Kevlar" Ropes E. I. Dupont de Nemours and Co.
FR Ls frequency in Hz

Rope A, 240C, 50% R.H.

FR KI K2 TAN DELTA SIGMA

50. 6.6255 0.528094 0.079706 0.14669E-10100W 5.9849 0.411533 0.068762 0.228636-101000. 5.7569 0.334317 0.058074 0.185736-0910000. 5.2008 0.266940 0.051269 0.14830E-08100000. 4.7625 0.300517 0.063100 0.166956-07
1000000. 4.4191 0.303765 0.068739 0.168766-069500000, 4.3046 0.316421 0.073507 0.16700E-0530000000. 3.6555 0.304161 0.093207 0,50694E-05

Rope A, 120C

FR KI K2 TAN DELTA SIGMA

60. 21.033 53.21245 2.52997 0.17737E-08100. 15.918 29.27719 1.83929 0.16265E-081000. 6.407 5.25332 0.81997 0.29i05E-0810000. 4.772 0.85355 0.178i5 0.474196-08100000. 4.560 0.19611 0.04301 0.1089SE-071000000. 4.209 0.15851 0.03766 0.880626-079500000. 4.025 '0.16402 0.04075 0.86569E-06

Rope B, 24 0 C, 50% R.H.

FR KI K2 TAN DELTA SIGMA

50. 7.6933 0.675021 0.113738 0.24306E-10100. 7.5078 0.640551 0.005318 0.355866E-01000. 6.9986 0.444717 0.063543 0.24706E-0910000. G.0960 0.323063 0.053128 0.179926-08
100000. 5.5494 0.346957 0.062522 0.192756-071000000. 5.1731 0.392599 0.075892 0.2181lE-069500000. 4.8283 0.406893 0.064272 0.214756-0530000000. 4.1279 0.411350 0.099650 0.69559E-05

Rope B, 120°C

FR Ki K2 TAN DELTA SIGMA

50. 26.353 66.87652 2.53784 0,18577E-0860. 23.345 57.07666 2.44490 0.19026E-08100. 16.996 39.67208 2.33562 0.220406-081000. 5.527 6.04a71 1.09446 0.336044-08
10000. 4.962 0.78675 0.15793 0.43708E-OS100000. 4.703 0.17227 0.03602 0.957076-089500000. 4.691 0.11827 0.02521 0.65705E-070 050.14783 0.03222 0.780196-06
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"Kevlar"Ropes, continued

Rope C, 24°C, 50% R.H.

FR KI K2 TAN DELTA SIGMA

50. 12.3266 1.799829 0.146012 0.49995E-10
100. 11.6037 1.436832 0.123825 0.79824E-10

1000. 9.5361 1.285998 0.134856 0.71444E-09
10000. 9.0059 0.964711 0.120500 0.535S5E-08 t

100000. 6.8165 0.687531 0.100863 0.38196E-07
1000000. 5.6022 0.653690 0.116684 0.36316E-06
9500000. 4.9611 0.742388 0.149642 0.39162E-05

30000000. 3.9680 0.689153 0.173678 0.11486E-04

0I

Rop? C, 120°C

FR KI K2 TAN DELTA SIGMA

50. 36.390 160.49568 4.41044 0.44582E-08
60. 27.560 128.04948 4.64614 0.42693E-00

100. 23.815 89.23180 3.74686 0.49573E-08
1000. 7.197 12.34859 1.71576 0.68603E-08

10000. 5.520 1.78799 0.32393 0.993332-08
100000. 4.989 0.39323 0.07881 0.21846E-07

1000000. 4.886 0.22794 0.04665 0.12663E-06
9500000. 4.441 0.27151 0.06114 0.14329E-05

Rope D, 24 0 C, 50% R.H.

FR KI K2 TAN DELTA SIGMA

50. 10.3523 1.177239 0.113716 0.32701E-10
100. 10.1137 0.912032 0.090170 0.50668E-10

1000. 9.4470 0.800575 0.084744 0.44476E-09
10000. 8.0205 0.950508 0.118422 0.52806E-08

100000. 6.4204 0.921320 0.143320 0.51184E-07
1000000. 5.0137 0.617431 0.123148 0.34302E-06
9500000. 4.5359 0.532482 0.117392 0.28103E-05

30000000. 3.6717 0.476469 0.129768 0.79412E-09

4

0Rope D, 120 C

FR KI K2 TAN DELTA SIGMA

50. 34.260 127.21927 3.71333 0.35339C-08
60. 30.668 110.98825 3.61901 0.36996E-08

100. 22.945 87.93615 3.82816 0.48798E-08
1000. 7.334 10.14525 1.38328 0.56362E-08

10000. 5.576 1.54414 0.27692 0.85786E-08
100000. 5.013 0.33321 0.06646 0.18512E-07

1000000. 4.956 0.19092 0.03853 0.10607E-06
9500000. 4.625 0.24093 0.05209 0,12716E-05
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"Mylar" 2-ply, corragated E. I. Dupont de Nemours and Co.

Frequency, MHz K D.F.

1 1.114 .00507
10 1.107 .00512
20 1.106 .00480
30 1.106 .00380

"Riston", exposed film E. I. Dupont de Nemours and Co.

Freq., MHz 1 10 100 1000 8515

j K 3.31 3.12 2.97 2.85 2.77
D.F. .042 .039 .0326 .0272 .0182

"Sclair" polyethylene Dupont of Canada
#8307-UV#5 24 GHz 22 0 C

K - 2.33 * .02 D.F. - .00027 * .00008

After 1500 hours in Atlas Weatherometer:

K - 2.30 * .02 D.F. - .00041 * .00003

"Tefzel" E. I. Dupont de Nemours and Co.

8.5 GHz 23*C K - 2.328 + .011 D.F. - .0117

"Eccofloat" Emerson and Cuming
8.5 GHz 24 0 C

EF38A, .6002 gm/cm3 K - 1.8605 D.F. - .0128
"EF38B, .4833 gm/cm3  K 1.8401 D.F. an .0121

"Eccofoam" HiK 625 Emerson and Cuming

"24 1Hz 24EC K 6.0 D.F. C .045
"Stycast" 1.9 Emerson and Cuming

Sample from MIT, RLE
8.5 GHz 24*C K 1.71 D.F. - .0055

"Esscolam" VI 8166 ESSCO
Sample from Raytheon

The temperature run was made with stacked disks at 8.5 GHz. The thickness
shown is the stack height divided by the number of pieces and includes
expansion due to trapped decomposition gases. c phasei

T°C K D.F. Thick.,im Attzn.,db Insertion loss,db shift (deg.)
25 2.943 .0158 .063 .00789 .0587 .058
49 2.843 .0216 .0664 .0114 .0621 .065
73 2.835 .0292 .0669 .0155 .0665 .067

107 2.84 .047 .0677 .0252 .0779 .071
129 3.032 .0304 .0696 .0169 ,X143 .086
163 3.129 .0764 .0676 .0410 .1112 .068
179 2.744 .0723 .0754 .0432 .1018 .090
198 2.748 .0569 .0784 .0355 .0988 .103
233 1.664 .0233 .1139 .0253 .0446 .091
245 2.165 .0251 .0909 .0180 .0559 .096
258 2.817 .0426 .0760 .0258 .0900 .098
272 3.02 .0527 .0731 .0307 .1042 .102
300 3.09 .0418 .0735 .0246 .1040 .107
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"Lexan" General Purpose Grade, clear General Electric
Freqency ROs at 23oc

preq., . N 10 2 10• lo' 105 tO' 10 7 tOo 3.106 Iot w.•01 h9 8•09

Lemas, clear
3.006 3.:00 31003 2,906 2,971 21 922 2 797 7$0 2 773

ca.00 0006 001 60 .0 0 11 -00 :,70" 2.7
S ,00056 .000, 00049 . .0103 - .0643 .00515

"Lexan" 500, polycarbonate

R.T. 8.5 GHz 24 GHz
K D.F. T0C K D.F

2.921 .00568 24.4 2.881 .00625
62.3 2.872 .00734
68.3 2.871 .00739

"Noryl" (s) General Electric !"Noryl"(s) F•.•y •," .t2•°c ory ,M300. !

i Vre., HlS IQ2 to03 104 A to 10 6 10? 7 O 10 1 0$O 10 9 310, 8.3.10 9

mc 2.791 2,719 2.767 2.751 2.736 2,711 2.71 2.73 2.726 2,723 2.720

tan 6 .00324 .00357 .0030 ..0037 .0032 .00252 .0n241 .00266 .00356 .00436 .00575

I lMryl ITX300

Kc 3.)64 3S117 3.061 3.0.8 3.020 2.982 2.976 3.065 3.062 3.057 7.050

tan 0 .00637 .00669 .00697 .00673 .00573 .00409 .0041$ .00479 .00378 ,00644 .i0o(91

Noryl 44240

S3,059 3.034 3.002 2.981 2.960 2.936 2.927 ).062 3.057 3.052 3.046

ten 0 .00702 ,00649 .00581 .00469 .00385 .00289 .00280 .00320 .00380 .03365 .00324

Note, Electric field Is p rp&mdicular rt feces of injection aclded aoryl disks in the fretueocy r•ang 10
2 

to 108 aE$

at higher frequencies Alectric field is parallel to faces of disks.

"Noryl" undesignated G.E. Sample from Sperry

\ \.24 °C
Freq., GHz 1 3 5 8.5 14

K 2.66 2.65 2.65 2.652 2.648

D.F. .0020 .0031S .0036 .00396 .0058

PPO-534-801, polyphenylene oxide General Electric

R.T. 8.5 GHz 24 GHz
K D.F T0C K D.F.

2.635 .0018 25 2.628 ,00251
62.2 2.622 .00257

102.6 2.616 .00246
139.7 2.599 .00253
145.5 2.598 .00256
184.5 2.515 .00269

RTV's General Electric
• LI240C 8.5 GHz

K D.F.

i, #60, red 3.736 .0172
#630, grey 3.016 .0199
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Marco 28C Grace Industries
R.T. 8.5 GHz Sample from Sperry

K D.F.

Sample #1 2.929 .0164
Sample #2 2.880 .0114

Polyethylene with olive drab pigment llardigg Industries

24 GHz 23*C K - 2.29 D.F. .00062

Radome fabrics Hoover Industries
22 *C 8.5 GH&

Averages for three samples:

K D.F. Thickness, cm

Grey 2.889 .0172 .059
White 2.895 .0174 .056

Polyethylene with 20 wt% gamma ferric oxide (<jiý) R.T. Hellerbond

Frequency, GHz 1 1.685 2.45 3

Dielectric Constant 2.6605 2.6576 2.6520
Dielectric Loss Tangent .0025 .0018 .0015
Magnetic Permeability 1.1163 1.113 1.1099 1.0860
Magnetic Loss Tangent .01287 .0389 .0684 .0821

Hercules PC-072-2 polypropylene Hercules

R.T. 8.5 GHz 24 Gliz T*C K D.F.

K = 2.532 25 2.525 .00206
D.F. - .00217 62.1 2.511 .00222

97.8 2.483 .00232
133.2 2.441 .00246

25 2.532 .00208

"Hycar" E4109 Hycar
8.5 GHz Samples from Raytheon

TOC K D.F. K D.F.

Sample A 22 1.191 .0020 Sample B 1.178 .00196
125 1.201 .0062 1.186 .0054

25 1.190 .0021 1.175 .0020 r
"Thermocomp" DF1008 Liquid Nitrogen Proc. Corp.

40% glass fiber reinforced polycarbonate 230C

Freq. MHz 1 10 100

kK 3.81 3.79 3.73
D.. ' .00704 .0084 .00864

LNP-OF-1006 polyphenylene sulfide LNP "

R.T. 8.5 GHz 24 GHz
K D.F. T*C K D.F.

3.762 .00406 25 3.709 .0055,4.
58.6 3.722 .0058
85.8 3.715 .0063

107.5 3.712 .0067
135.8 3.677 .0078

25 3.706 .0053
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LNP-GF-1006 polysulfone LNP

R.T. 8.5 GHz 24 GHz
K D.F. TOC K D.F.

3.613 .00763 25 3.532 .0087
61.8 3.529 .0102
83.8 3.526 .0107

112. 3.516 .0112
126.8 3.506 .0105
138.3 3.494 .0104

"Loctite" LI-260 240C Loctite Corp.
Freq., Hz 100 1 k 10 k 100 k I M 10 M 8.5 G 14 G 24 G

4.568 4.459 4.319 4.093 3.716 3.356 2.409 2.40. 2.394

.0851 .0888 .127 .200 .243 .230 .072 .0683 .0645

tan 6 (D.1'.) .0186 .0199 .0295 .0489 .0653 .0684 .0299 .0284 .02695

v Mho/cm 4.74E-12 4.949-l; 7.09E-10 1.11E-8 1.35E-7 1.28E-6 3.41E-4 5.31E-4 8.31E-4

Bondex 420 Loctite Corp.
Samples from Sperry

Sample #1 8.5 GHz Sample #2 R.T.
TOF K D.F. Freq. GHz 3 5 8.5 14

74 2.855 .0128 K 3.07 3.05 3.027 2.958
139 2.90 .0168 D.F. .025 .026 .027 .0263
204 2.89 .0191

"Herlon" 1799 polycarbonate Mobay Chemical Corp.
oven dry

1000/T T,DEG.C FREQ.HZ KI K2 TAN DELTA SIGMA,MHO/CM

3.3653 24.0 20. 2.873 0.001810 0.000530 0.20113E-13
3,3653 '24.0 50, 2.877 0.001600 0.000556 0.44455E-13

3.3653 24.0 100. 2-895 0.001456 0.000503 0.80886E-13
3,3653 24.0 200. 2.897 0.001821 0.000629 0.20235E-12
3.3653 24.0 500. 2.894 0.002099 0.000725 0.58299E-12
3.3653 24.0 1000. 2.905 0.002241 0.000771 0.12450E-11
3.3653 24.0 2000. 2.904 0.002507 0.000863 0. 27854E--iI
3.3653 24.0 5000. 2.904 0.003329 0.001146 0.92465E-11
3.3653 24.0 10000. 2.904 0.004523 0.001558 0.25128E-10
3,3653 24.0 20000. 2.895 0.005672 0.001960 0.03022E-10
3.3653 24.0 50000. 2.867 0.008290 0.002891 0.230M76-09
3.3653 24.0 100000. 2.839 0.010191 0.003590 0.56618(-09
3.3653 24.0 1000000. 2.6,'1 0.022129 0.007807 0.12294E-07
3.3653 24.0 300000. 2.B76 0.015637 0.005438 0.260616-08
3.3653 24.0 3000000. 2.8A5 0.026918 0.009462 0.44864E-07
3.3653 24.0 6000000. 2.893 0.027568 0.009529 0.91804E-07
3.3653 24.0 S500000. 2.904 0.029700 0.010228 0.156759-06
3.3653 24.0 30000000. 2.899 0.029737 0.010256 0.49562E-06
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I.

"Marlon 1799 polycarbonate .15% water Mobay

1000/T T,0EG.C FREQ.,HZ K I K2 TAN DELTA SIGMAMHO/CM

3.3653 24.0 5. 2.939 0.003736 0.001271 0.10378E-13
3.3653 24.0 10. 2.941 0.002830 0.000962 0.15721E-133.3653 24.0 20. 2.934 0.002222 0.000751 0.24685E-133.3653 24.0 50. 2.935 0.0C1623 0.000553 0.45090E-13
3.3653 24.0 100. 2.933 0.001461 0.000498 0.81140E-133.3653 24.0 300. 2.930 0.001685 0.000575 0.280826-123.3653 24.0 1000. 2.931 0.002294 0.000783 0.127436-11
3.3653 24.0 3000. 2.931 0.003168 0.001081 0.52803E-i1
3.3653 24.0 10000. 2.927 0.004844 0.001655 0.26908E-103.3653 24.0 20000. 2.925 0.006437 0.002200 0.71524E-103.3653 24.0 50000. 2.922 0.009453 0.003235 0.26260E-093.3653 24.0 100000. 2.920 0.012359 0.004233 0.68661E-09
3.3653 24.0 1000000. 2.896 0.024580 0.008489 0.13655E-07
3.3653 24.0 300000. 2.916 0.017691 0.006066 0.29485E-00
3.3653 24.0 3000000. 2.875 0.029417 0.010233 0.49029E-073.3653 24.0 9500000. 2.848 0.032069 0.011265 0.169366-063.3653 24.0 30000000. 2.837 0.028328 0.009984 0.47214E-06

"Merlon 1799 polycarbonate .40% water 1[obay

1000/T TOEG.C FREQ.,HZ Kt K2 TAN DELTA SIGMA,MHO/CM

3.3653 24.0 30000000. 2.831 0.035201 0.012434 0.58668E-063.3653 24.0 9500000. 2.878 0.038360 0.013329 ().20245E-063.3653 24.0 6000000. 2.889 0.038060 0.013172 0.12667E-06
3.3653 24.0 16000000. 2.868 0.036307 0.012657 0,32273E-063.3653 24.0 3000000. 2.907 0.037947 0.013053 0.632456-073.3653 24.0 30000C. 2.952 0.023151 0.007842 0.385856-083.3653 24.0 1000000. 2.928 0.032768 0.011191 0.18205E-07
3.3653 24.0 100000. 2.973 0.015012 0.005049 0.83403E-093.3653 24.0 50000. 2.951 0.011321 0.003837 0.314476-093.3653 24.0 20000. 2.979 0.007393 0.002482 0.82140E-10
3.3653 24.0 10000. 2.987 0.005536 0.001853 0.307546-103.3653 24.0 5000. 2.907 0.004109 0.001376 0.11414E-103.3653 24.0 2000. 2.982 0.003129 0.001049 0.347626-11
3.3653 24.0 1000. 2.985 0.002618 0.000877 0.145446-11
3.3653 24.0 500. 2.987 0.002519 0.000643 0.69976E-123.3653 24.0 500. 2.989 0.002411 0.000806 0.66963E-123.3653 24.0 200. 2.983 0.001958 0.000656 0.21751E-12
3.3653 24.0 100. 2.988 0.001946 0.000651 0.10814E-12
3.3653 24.0 100. 2.989 0.001831 0.000612 0.10170E-12
3.3653 24.0 50. 2.988 0.001829 0.000612 0.50805E-133.3653 24.0 20. .990 0.002070 0.000692 0.23000E-13

Napthalene C H MIT Material. Science -10 8
Freq., GHz 1 1.7 3 8.5 14

23*C solid K 2.76 :1.75
D.F. .00016 .00025

82°C liquid K 2.53 2.53 2.53 2.47
D.F. .0001 .00022 .00052 00115
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Laminated polypropylene MIT,Lincoln

24 GHz 24C

Thickness, cm K D.F.
.415 2.27 .0010
.751 2.28 .0016
.866 2.27 .0037

RX-18 polymethylpentene 
Mitsui

Samples from Naval Underwater Sys. Cen
Color Freq., MHz 400 1000 3000 8515 210C

None, 1977 K 2.1:2 2.130 2.127 2.125
D.F. .00041 .00041 .00043 .00054

None, 1978 K 2.133
D.F. .00063

Yellow K 2.132
D.F. .00062Red K 2.1325
D.F. .00062Dark Blue K 2.134
D.F. .00064

Light Blue K 2.130
D.F. .00063

TPX Natural 
Mitsui

TOC Freq.,GHz 1 1.685 2.45 3 5 8.5
25 K 2.122 2.122 2.121 2.121 2.120 2.120D.F. .00059 .00061 .00063 .00063 .00061 .000595
75 K 2.092

D.F. .00067
125 K 2.060

D.F. .00071
175 K 2.024

D.F. .00076"Texin" 355D, natural, polyurethane Mobay Chemical Corp.

Oven Dry

1000/T T,DEG.C FREQ.,HZ K1 K2 TAN DELTA SIGMA,MHO/CM

3.3653 24.0 5. 5.827 0.493223 0.004651 0.13701E-113.3653 24.0 10. 5.720 0.321775 0.056253 0.17876E-113.3653 24.0 20. 5.624 0.233114 0.041447 0.25902E-113.3653 24.0 50. 5.562 0.177018 0.031828 0.49172E-11
3.3653 24.0 100. 5.498 0.158494 0.028829 0.88052E-113.3653 24.0 200. 5.466 0.172873 0.031628 0.1920SE-103.3653 24.0 500. 5.325 0.170832 0.032080 0.47453E-103.3653 24.0 1000. 5.258 0.170086 0.032350 0.94492E-103.3653 24.0 2000. 5.204 0.169613 0.032595 0.18846E-093.3653 24.0 5000. 5.106 0.174394 0.034156 0.48443E-093.3653 24.0 10000. 5.026 0.169712 0.033764 0.94284E-093.3653 24.0 20000. 4.951 0.186249 0.037615 0.20694E-083.3653 24.0 50000. 4.892 0.197352 0.04034I5 0.548205E-083.3653 24.0 100000. 4.765 0.207658 0.0435131 0.11537E-073.3653 24.0 1000000. 4.446 0.248577 0.055915 0.13810E-063.3653 24.0 300080. 4.624 0.223435 0.048325 0.37239E-073.3653 24.0 3000000. 4.238 0.261347 0.06166:2 0.43558E-063.3653 24.0 9500000. 4.059 0.285754 0.070401 0.15081E-053.3653 24.0 30000000. 3.825 0.329739 0.086210 0.54957E-05
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"Texin" 355D .24% water Mobay

1000/T T.DEG.C FREQ.,HZ KI K2 TAN DELTA SIGMA,MHO/CM

3.3653 24.0 1000. 5.529 0.197005 0.035632 0.10945E-09
3.3653 24.0 300. 5.653 0.199805 0.035343 0.33301E-10
3.3653 24.0 tOO. 3.821 0.226719 0.038952 0.12595E-I0
3.2653 24.0 3000. 5.409 0.200310 0.037031 0.33385E-09
3.3653 24.0 10000. 5.252 0.209153 0.039025 0.11620E-08

3.3653 24.0 20000, 5.157 0.215246 0.041739 0.23916E-08
3.3653 24.0 50000. 5.041 0.235391 0.046699 0.653866E-08
3.3653 24.0 100000, 4,946 0.236061 0.047723 0,13114E-07
3.3653 24.0 1000000. 4.569 0.27061W 0.059230 0.15034E-06
3.335:3 .24.0 300000. 4.771 0.249592 0.052311 0.41599E-07
3.3653 24.0 3000000. 4.354 0.278557 01063980 0.46426E-06
3.3653 24.0 9500000. 4.159 0.298530 0.071771 0.1i756E-05
3.3e33 24.0 100. 5.744 0.198500 0.034555 0.11026£-10
3.365? 24.0 50. 5.865 0.240356 0.040982 0.66766E-11
3.365j 24.0 20. 5.990 0.358001 0.059769 0.39778E-11
3.3653 24.0 10. 6.088 0.432141 0.070988 0.24008E-11

"Texin" 355D 1.14% water Mobay

l000/T TDEG.C FREQ. ,HZ K1 K2 TAN DELTA SIGMAMHO/CM

3.3653 24.0 30000000. 4.044 0,3L6381 0.098006 0.66063E-05
3.3653 24.0 9500000. 4.328 0.378195 0.087390 0.19960E-05
3.3653 24.0 6000000. 4.471 0.369416 0.082618 0.12314E-05
3.3653 24.0 30)0000. 4.603 0.359783 0.078168 0.59964E-06
3.3653 24.0 4UO000. 5.151 0.317665 0.061671 0.70592E-07
3.3653 24.0 200000. 5.151 0 292836 0,056847 0,32537E-07
?.3653 24.0 1)0000. 5.708 0,280082 0.049068 0.15560E-07
3.3653 24.0 50000. 5.379 0.261052 0.048534 0.725151'08
3.3653 24.0 20000. 5.573 0,244764 0.043922 0,27136E-08
3.3653 24.0 10000. 5.673 0.239800 0.042267 0.13322E-08
3.0653 24.0 5300. 6.185 0.242461 0.039204 0.67350E-09
3.0653 24.0 2000. 5.883 0.272124 0.046255 0.30236E-09
3.3653 24.0 1000. 5.964 0.325954 0.054652 0.18109E-09
3.3653 24.0 500. 6.095 0.425658 0.069834 0.11324E-09
3.3653 24.0 200. 6.246 0.691620 0.110727 0.76847E-10
3.3653 24.0 100. 6.407 1.150263 0.179529 0.63903E-10
3.3653 24.0 1000000. 4 087 0.346178 0.070842 0.19232F-06
3.3653 24.0 50. 6.660 1.667348 0.250363 0.46315E-10
3.3653 24.0 50. 6.640 1.947284 0.293261 0.54091E-10
3.3653 24.0 20. 7.157 4.148470 0.579605 0.46094E-10
3.3653 24.0 10. 7.634 7.581223 0.967773 0.42118E-10

Polysulfone board Norplex Division, UOP Inc.

T
0
C Fr.q.. CH, 1 2.15 3 5 Os 14 24

23 * 2.961 2.979 2.977 2.975 2.9r 2.950 2.945
t. .7 .00393 .00459 .00449 .0524 .00539 .00MG .00513

5.1 2.983 i.976 a,975 2.973 2.9%4 2.944 0.940
tan 5 .00612 .0484 .00323 .0061 .C395 .00M623 .00449

100 2.984 2.982 2.%40 2.976 2.953 2.94S 2.940
ta 00438 .00548 .00385 .00634 .00704 .00734 .00760

FO so 2.965 2.943 ^.%1 !.958 2.948 2.941 2.935
ton .9 28 .00552 .00603 .00664 .0076 .00812 .00477 V

i25 7.%l 2,946 3.945 2.%i 2.934 2.928 2.921
t" 47 .00370 OO03C .00.544 .00623 .00742 .00872 .00948

150 2.952 2,952 2.951 2.9$0 2.944 2.940 2.934
ta A .00362 .00474 .00526 .00394 .00695 .00725 .00194

too * 2.95 2,952 2a931 2,99 2.942 2,936 2.931
ta. A ,00157 .00459 .00480 .0347 .00629 .00640 .00"80

50 1:2.939 2.917 2.957 2.:5 2.960 2.933 2.928
. . 0 • 1 .00406 .00301 .00$32 .00570 .0074

23 * 2.9 5:959 2.9046 2.1114 1.937 2.935 2.930
, : 090"21 .00409 .006180 .00617 .00534 .00318 .00510
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Temperature Runs to the Liquid State at 2.45 Ghz on ten materials

Phillips Petroleum Co.
#52263 #52264
Type R--4 glass filled Type R-8 glass and mineral fillee

polyphenylene sulfide polyphenylene sulfide

TOC K D.F. Thick.,cm T*C K D.F. Thick.,cm

24.5 4.12 .00438 1.506 24 4.33 .0059 1.574
47 4.11 .00464 1.510 64 4.35 .0088 1.379
85 4.10 .00505 1.517 92 4.38 .0112 1.578

112 4.05 .0057 1.523 112 4.34 .0126 1.579
155 4.04 .0083 1.528 143 4.29 .0132 1.590
205 4.00 .0106 1.545 178 4.26 .0134 1.599
242 3.95 .0128 11591 209 4.11 .0134 1.654

229 3.97 .0128 1.732

#52265 #52266
Type R-10 glass & mineral filled Mineral filled polysulfone
polyphenenylene sulfide color cmpd,

22 4.88 .0037 1.513 23 3.37 .00517 1.670
55 4.89 .0040 1.517 67 3.38 .00595 1.676
76 4.90 .0042 1.519 93 3.38 .0064 1.680
99 4.92 .00514 1.522 120.6 3.33 .0062 1.6G3

118 4.91 .0059 1.521 153 3.23 .0065 1.709
152 4.90 .0076 1.528 176.5 2.91 .0097 1.908
171 4.90 .00816 1.531 206 2.55 .0224 2.377
210 4.88 .009J6 1.547
240 4.83 .0105 1.573

#52267 #52268
polysulfone Glass filled polybutylene

terephthalate

23 3.06 .0049 1.678 24 3.49 .00645 1.664
50 / 3.07 .0055 1.680 54 3.47 .0110 1.676

89.6 3.04 .0060 1.690 87 3.47 .0203 1.68&
113 3.00 .0057 1.700 114 3.48 .0352 1.705
157 2.91 .0060 1.735 145 3.50 .0448 1.726
174 2-62 .0084 1.884 175 3.65 .0772 1.776
204 2.30 .0209 2.34 197 3.94 .0937 1.772

235 4.24 .1152 1.818

#52269 #52270
polybutylene terephthalate Glass filled polyacetal

21.7 2.97 .0050 1.707 21.6 3.26 .0292 1.728
55.4 2.98 .0102 1.721 49.5 3.49 .0309 1.761
80.4 2.96 .0189 1.737 87 3.61 .0649 1.785

118.5 2.96 .0436 1.770 118.5 3.7' .0563 1.799
139 2.99 .0596 1.771 146 3.99 .0511 1.832
165 3.14 .0836 1.768 179 4.24 .0491 1.943
199 3.58 .1172 1.778 199 4.04 .0445 2.098
230 3.90. .1383 1.849
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Phillips' plastics, continued

#52271 polyacetal #52272 polypropylene

T*C K D.F. Thick.,cm T*C K D.F. Thick.,cm

21 3.08 .0338 1.679 24.2 2.242 .0C041 1.684
51.4 3.2]. .0623 1.685 40.3 2.240 .00045 1.684
75 3.39 .0805 1.700 56 2.233 .00051 1.685

111 3.60 .0741 1.713 96 2.195 .00054 1.702
142 3.82 .0605 1.728 130.? 2.159 .00069 1.729
184 3.99 .0489 1.980 158 2.014 .00079 1.846
196 4.08 .046 1.755 187 1.779 .00077 2.559

Cross-linked polyethylene CL-100 Phillips
Sample mf olded by H.:rdigg

24 GHz 23°1 K- 2.229 D.'J., .00056

Ferrite Absorbez Nixes Raytheon
with Dow Corning 184 2,45 GHz

R-153 Ferrite, 60 wtZ, Q-1 2.5:1 ratio

T°C K' tan 6 li"/io tan 6m T°C K' tan 6 p'/W o tan Sm

22* 4.47 .0127 •9985 .491 22* 5.79 .0129 1.553 .8996
24 4.35 .0123 1.014 .483 23 5.72 .0117 1.554 .894
65 4.27 .0110 .940 .498 62 5.63 .0112 1.502 .881
88 4.20 .0110 .901 .432 92 5.60 .0109 1.397 .903

113 4.15 .0111 .837 .454 95 5.60 .0109 1.386 .902
127 4.12 .0117 .822 .391 120 5.56 .0129 1.323 .911
156 4.09 .0129 .817 .295 128 5.53 .0137 1.309 .902
179 4.05 .0138 .b13 .232 153 5.50 0150 1.211 .924
210 4.00 .0152 .840 .1535 184 5.46 .0159 1.130 .926
241 3.95 .0180 .891 .052 220 5.41 .0195 1.027 .941
"259 3,92 .0190 .913 .033 239 5.37 .0214 1.012 .944
290 3.87 .0212 .984 .0081 272 5.33 .0265 .896 .944

"22 4.37 .0114 1.012 .494 298 5.30 .0285 .797 1.060
21.7 5.90 .0127 1.480 .997

* in room temp. sample holder, other values in high temp. holder

"Plexiglass" V811-100, polymethylmethacrylate, oven dry Rhom & Haas Co.
S1000/T T,DEG.C FREQ.,HZ Ki K2 TAN DELTA SIGMA.MHO/CM

3.3653 24.0 30000000. 2.60/ 0.025432 0.009755 0.42386E-06
3.3653 24.0 9500000. 2.596 0.015776 0.006070 0.83264E-07
3.3653 24.0 3000000. 2.639 0.035585 0.013484 0.59308E-07
3.3653 24.0 300000. 2.681 O.C51897 0.019354 0.86496E-08
3.3653 24,0 1000000. 2.664 0.040346 0.015143 0.22415E-07
3.3853 24.0 100000. 2.705 0,057965 0.021432 0.32203•-08
3.3653 24.0 50000. 2.742 0.067078 0,024462 0,18633E-08
3.3653 24.0 . 20000. 2.782 0.076921 0.027652 0.854686-09
3,3653 24.0 10000. 2.849 0.082731 0.029037 0.45962E-09
3.3653 24.0 10000. 2.849 0.084718 0.029735 0.47065E-09
3.3653 24.0 5000. 2.889 0.096873 0.033535 0.26909E-09
3.3653 24,0 3000. 2.921 0.105499 0,03a117 0.17582E-09
3,3653 24.0 1000. .3.000 0.127622 0.042541 0.70901E-10
3.3653 24,0 500. 3.032 0.142581 0.047028 0.39606E-10
3.3C53 24.0 200. 3l1U 0.159903 0.051582 0.17767E-10
3.3653 24.0 100. 3.168 0.147102 0,046427 0.81723E-11
3.3653 24.0 50. 3.255 0,157021 0.048238 0.43617C-11
3.3653 24.0 20, 3.408 0.166988 0.049002 0.186554E-11
3.3653 24.0 10. 3.494 0.172959 .0.049503 0.96068E-12
3.3553 24.0 5. 3.569 0.174577 0,048921 0.48494E-12
3.3653 24.0 3. 3.636 0.130368 0.038050 0.23061E-12
3.3653 24.0 2. 3.731 0.143764 0,038530 0.13974E-12
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"Plexiglass" continued Rhom & Haas
.27% water Moldad by Eastman, from MIT ME

1000/T T,DEG.C FREQ.,HZ K1 K2 TAN DELTA SIGMAMHO/CM

3.3653 24.0 9500000. 2.596 0.034817 0.013414 0.18376E-06

3.3653 24.0 3000000. 2.654 0.041893 0.015783 0.69822E-07

3.3653 24.0 300000. 2.731 0.059684 0.021858 0.99473E-08

3.3653 24.0 1000000. 2.673 0.050151 0.018762 0.27862E-07

3.3653 24.0 100000. 2.755 0,067682 0.024566 0.37601E-08

3,3653 24.0 50000. 2.799 0.072624 0.026018 0.20229E-08

3.3653 24.0 20000. 2.843 0,079186 0.027854 0.87984E-09

3.3653 24,0 10000. 2.844 0.085537 0.030081 0.47520E-09

3.3653 24.0 3000. 2.910 0.103130 0.035441 0.17106E-09

3.3653 .24.0 1000. 3.014 0.122055 0.040498 0.67808E-10

3.3653 24.0 1000. 3.014 0.121073 0.040165 0.67263E-10

3.3653 24.0 300. 3.001 0.143380 0.046533 0.23897E-10
3.3653 24.0 100. 3,22,j 0.171322 0.053137 0.95179E-1i
3,3553 24,0 50. 3.28V 0.150950 0.045894 0.41931E-i1

3.3653 24.0 20. 2.407 0.161970 0.047547 0.179V7E-11

3.3653 24.0 10. 3.639 0.17246U 0.048727 0.95015E-12

3.3653 24.0 S. 3.632 0.172526 0.047507 0.47924E-12

3.3653 24.0 3. 3.658 0.147920 0.040435 0.27390E-12

3.3653 24.0 2. 3.797 0.140221 0.036928 0.15580E-12

1.5% water

1000/T IDEG.C FREQ.,HZ K1 A2 TAN DELTA SIGMA,MHn/CM

3.3653 24.0 10. 4.117 0.241926 0.058758 0.13440E-11
3.3653 24.0 10. 4.147 0.222634 0.053684 0.12369E-11
3.3653 24.0 20. 4.029 0.218649 0,054270 0.24294E-11
3.3153 24.0 E0. 3.871 0.206526 0.053346 0.57368E-11

3.3653 24,0 100. 3.768 0.194061 0.051500 0.10701E-10
3.3653 24.0 200. 3.672 0fJ78341 0.040567 0.19816E-10
3.3653 24.0 500. 3.532 0.187601 0.0')3107 0.52111E-10
3.3653 24.0 1000. 3.454 0.169185 0.048989 0.93992E-10
3.3653 24.0 2000. 3.i21 0.149799 0.043798 0.16644E-09
3.3653 24.0 5000. 3.341 0.129041 0.038624 0.35045E-09
3.3653 24.0 10000. 3,290 0.116235 0.035327 0.645754-093.3653 24.,) 20000. 3.24.1 0.107560 0.033162 0,11951E-08

3.3653 24.0 50000. 3.196 0.098730 0.030953 0.274392-00S3,3653 24C0 100000. 3.162 0.095400 0.030169 0.53000E-08
3.3653 24.0 500000. 3.0v8 0.085860 0.027987 0.23850E-07

S3.3653 24.0 JO000006. 3.U28 0.078446 0,025890 0.43581C--07S3.3653 24.0 300000. 3.095 0.098521 0.028603 0.14754E-07
•3.3653 24.0 3000000. 2.976 0.068226 0°022924 0.11371E-06

3.3653 24.0 9500000. 2.935 0.056405 0.019220 0,29769E-06
3.3653 24.0 30000000. 2.874 0.046728 0.016257 0.77880E-06

Richo 31001 polyurethane Richo Plaatc'i

Sample from Sperry

8.5 GHz 23*C K = 2,979 ID.F. -. 0186

II,
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"Duroid" 5650 M-5 Rogers

8.5 GHz 21 *C

E perpendicular hot pressing direction K - 2.660 D.F. - .00242

E parallel It " " K - 2.558 D.F. - .00206

"Duroid" 5870 Rogers

8.5 MHz 21 OC E parallel to sheet

Thickness, inch K D.F.

1/16 2.42 .0019

.010 2.33 .0019

"Duroid" 5870M-1 Rogers

E perpendicular HPD 2.443 .00207

E parallel HPD 2.317 .00138

"Duroid" 5870M Rogers

In Room Temperature Sample Holder

Rotation K tan 6
(degrees)

I pc. full thickness Face 1 0 2.630 .00287 E -4
90 2.4? .00237 E /

2 0 2.632 .0031 E -I
90 2.484 .00207 B /

pC. l/ pc. 2 0 2,592 .00283 E A-
90 ".452 .00213 E //

Tempe.atuve run pc. 2/3pc. 1

E L.. Thickness
ToC K tans (c K tan 6

23.1 2.594 .00287 1.8583 2.462 .00256
50 2.592 .00306 1.8619 2.464 .00226 -

97 2.593 .00229 1.8670 2.460 .00203
160. 2.591 .00209 i.8681 2.452 .00199
205 2.1'7 .00159 1.8722 2.425 .00129
246 2.571 .00182 1.8734 2.419 .00131
300 2.563 .00186 1.8805 2.405 .00131
350 2.395 .00239 2.0639 2.258 .00130
395 2.242 .00251 2.2581 2.159 .00100
468 2.088 .00289 2.5177 1.989 .00112
504 1.828 .00396 3.2300 1.722 .00339

528 1.095 .00155 4.7506 1.017 .0195I53



Polybutylenes 
Shell

Room Temperature

Material # Freq., GHz .4 1 3 8.5

0200 K 2.265 2.265 2.264 2.264

D.F. .00029 .00026 .00025 .000275
8240 K 2.247 2.247 2.246 2.246

D.F. .00029 .00029 .00029 .00027 1'

"Epon" 828 Shell

100 is resin, 80 pts hardener, 1 pt accelerator Sample frouk Brunswick
(ATC-3)

2.45 GIz 23C K D.F.

Sample #1, 30 min. after mixing, some bubbles 3.873 .198

5 hrs at 23*C, no bubbles 3.907 .214

47 hrs " - - 3.710 .152

Then 95 hrs at 40 0 C 3.310 .0756

Then 80 hrs at 60 0 C 3.165 .0533

Sample #2 Cured 1 hour at 105 0 C 3.14 .054

Various Plastics Samples formed by Sperry

All at 8.5 GHz, R.T. K tan 6

Cycloaliphatic resin 2.950 .0209

Polyester, c ;ting, face 1 2.861 .010

face 2 2.850 .0086

' Laminac 2.911 .0128

"i'Epon" 815, clear 2.60 .0074

white 13.9 .007

Ciba 279., clear 2.87 .0135

I1Y 917 12.9 .0095

Dk. 7521 13.0 .0045

'letron 92FS 13.5 .0095

"Stafoam" 1.035 .00103

Richo 90-578 + 34-841 1.042 .00073

Rigid polyurethane foam 1.036 .00055

(Same at I GHz) 1.039 .00060

Rigid polyurethane foams:

Sample Designation Length,cm K D.F. gm/cm3 (K-1)/den.

V6 2.35 1.1.224 .00145 - -

3.55 1.1225 .00155 .096 1.28

'V8 2,10 1.1580 .00214 - -

3.12 1.1591 .00229 .1189 1.34

, V12 2.30 1.2872 .00390 - -

3.37 1.2906 .00362 .2056 1.41

V16 2.32 1.3271 .00456 - -

3.45 1.3252 .00460 .2399 1.35

V20 2.13 1.3948 .00455 "" -

3.21 1.3895 .00445 .2941 1.32
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"Tellite" RCP Tellite

8.5 GHz R.T.

Thickness, inch K D.F.

1/32 2.35 .0004

1/16 2.34 .00033

"HindelY Stabilized basic pbiysulfone 1976 Union Carbide Corp.

1O00/T T,DEG.C FREQ.,HZ KI K2 TAN DELTA SIGMA,MNO/CM

3.3484 25,5 1000000. 3.607 0,013891 0.003851 0.77170E-08

3.3484 25.5 9500000. 3.584 0.014416 0.004022 0.76082E-07

3.3484 25.5 30000000. 3.579
3.3484 25.5 100000. 3.627 0.008946 0.002466 0.49697E-09

3.3484 25.5 10000. 3.639 0.008157 0.002242 0.45315E-10

3,3484 25.5 1000. 3.651 0.010085 0.002762 0.56027E-11

3.3484 25.5 100. 3.671 0.012933 0.003523 0.11852E-12

3,3484 25.5 50. 3.683 0.014043 0.003813 0.39008E-12

3.0945 50.0 50. 3.626 0.019363 0.005340 0.53787E-12

3,0945 60.0 100. 3.614 0.016199 0.004402 0.89995E-12

:3.0945 50.0 1000. 3.590 0.011298 0.003147 0.62767E-l1

3.0945 o0.0 10000. 3.572 0.008738 0.002446 0.48544E-10

7.0945 50.0' 100000. 3.558 0.007548 0.002121 0.41932E-09

3,0645 50.0 1000000. 3.538 0.010719 0.003030 0.59551E-06

3.0945 50.0 9500000. 3.520 0.013302 0.003779 0.70207E-07
3.0945 50.0 30000000. 3.512

2.6799 100.0 30000000. 3.387
2.6799 100.0 9500000. 3.390 0.009495 0.002801 0.50114E-07

2.6/99 100.0 1000000. 3.425 0.006362 0.001856 0.35345E-08

2.6799 100.0 100000. 3.431 0.006911 0.002014 0.38395E-09

2.6799 100.0 10000. 3.441 0.009703 0.002843 0.54349E-10

2.6799 100.0 1000. 3ý461 0.015383 0.004444 0.85459E-11

2.6799 100.0 100. 3.510 0.025626 0.007301 0.14237E-11

2.6799 100.0 50. 3.528 0.030249 0,006574 0.84025E-12

2.3632 150.0 50. 3.557 0.046422 0.013050 0.12895f-11

2.3632 5i0.0 100. 3.550 0.037887 0.010671 0.21049F-11

2.3632 iU.0 1000. 3.504 0.022269 0.006356 0.12372E-10

2.3632 150.0 10000. 3.497 0.013270 0.003795 0.7q723E-10

2.3532 150.0 100000. 3.458 0.008736 0.002526 0.48531E-09

2.3632 150.0 1000000. 3.456 0.005919 0.001712 0.32885F-08

2.3632 150.0 9500000. 3.436 0.006981 0.002032 0.36846E-07
2.3632 150.0 30000000. 3.424

2.2314 175.0 30000000. 3.434
2.2314 175.0 9500000. 3.444 0.006878 0.001997 0.36303E-07

2.2314 175.0 1000000. 3.458 0.007112 0.002056 0.39510E-08

2.2314 175.0 100000. 3.480 0.009930 0.0028S4 0.55109E-09

2,2314 175 0 10000. 3.492 0.016847 0.004825 0.93595E-10

2,2314 175.0 1000. 3.522 0.027311 0.007758 0.15178E-10
.2.2314 175.0 100. 3.570 0.054329 0.015217 0.30183E-11

2.2314 .175.0 50. 3.596 0.076612 0.021303 0.21281E-11

At 25 0 C after temperature run:

Freq., MHv .5 1 2 3.5 6 9.5

Tan delta .00336 .00370 .00369 .00350 .00339 .00326

4, Microwave data:
Freq., GHz .15 .3 1 2.45 3 8.5

K 3.63 3.63 3.63 3.626 3.624 3.618

Tan delta .00300 .00320 .00362 .00405 .00414 .00477
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"Radel" polylhenylsulfone 1976 Union Carbide

1000/T TDEG.C FREQ.,HZ K1 K2 TAN DELTA SIGMA,MHO/CM

3.3428 26.0 1000000. 3.090 0.015613 0.00505Z 0.86739E-08
3.3428 26.0 9500000. 3.067 0.013474 0.004393 0.71113E-07
3.3428 26.0 30000000. 3.054 0.011929 0.003906 0.19881E-06
3.3428 26.0 100. 3.138 0.003346 0.001066 0.1858SE-12
3.3428 26.0 60. 3.138 0,003169 0.001016 0.10630E-12
3.ý428 26.0 50. 3.139 0.003S30 0.001124 0,98045E-13
3.3428 26.0 1000. 3.130 0.003654 0.001167 0.20299E-11
3.3428 26.0 10000. 3.119 0.004941 0.001584 0.27451E-10
3.3428 26,0 100000. 3.111 0.009492 0.003051 0.52733E-09

3.0945 50.0 30000000. 3.034 0.016283 0.005366 0.27139E-.06
3.0945 50.0 9500000. 3.056 0.014325 0.004687 0.756052-07
3.0945 50.0 1000000. 3.070 0.012026 0.003917 0.66612E-08
3.0945 50.0 100000. 3.082 0.006560 0.002;61 0.37002E-09
3.0945 50.0 10000. 3.088 0.004375 0.001417 0.24303E-10
3.V945 50.0 1000. 3.092 0.003760 0.001216 0.20886E-11
3.0945 50.0 100. 3.114 0.003895 0.001251 0.21641E-12
3.0945 50.0 50. 3.116 0.004514 0.001449 0.12536E-12
2.6799 100.0 50. 3.069 0.010899 0.003551 0.30274E-12
2.6799 100.0 100, 3.063 0.008544 0.002769 0.47466E-12
2,6799 100.0 1000. 3.064 0.004451 0.001453 0.24730E-11
2.6799 100,0 10000. 3.060 0.003049 0.001258 0.21385E-10
2.6799 100.0 100000. 3.032 0.004239 0.001396 0.23549E-09
2.6799 100.0 1000000. 3.025 0.006789 0.002244 0.37714E-08
2.6799 100.0 9500000. 3.022 0.011622 0,003346 0.61341E-07
2.6799 100.0 30000000. 2.986 0.014829 0.004967 0,24715E-06
2.3632 150.0 30000000. 2.997 0.011614 0.003943 0.196;1E-06
2.3632 150.0 9500000. 3.003 0.008740 0.002910 0.46126E-07
2.3632 150.0 1000000. 3,002 0.005359 0.001785 0.29770E-08
2.3632 i50.0 100000. 2.965 0.004182 0.001401 0.23236E-09
2.3632 150.0 10000. 3.008 0.004254 0.001414 0.23634E-10
2.3632 150.0 1000. 3.017 0.006471 0.002145 0.35949E-11
2,3632 150.0 100. 3.030 0.017789 0.005871 0.98625E-12
2.3632 150.0 50. 3.027 0.029222 0.009655 0.81172L-12
2.2314 175.0 1000. 2.996 0.010348 0.003454 0.57408C-11
2.2314 175.0 10000. 2.989 0.005134 0.001734 0.28802E-10
2.2314 175.0 100000. 2.985 0.004093 0.001371 0.22737E-09
2.2314 175.0 1000000. 2.983 0.004754 0.001594 .0.26410E-08
2.2314 175.0 9500000. 2.981 0.007016 0.002354 0.37027E-07
2.2314 175.0 30000000. 2.959 0.009583 0.003239 0.15972E-06
2.2314 175.0 100. 3.001 0.047240 0.015739 0.26245E-11
2.2314 175.0 50. 3.016 0.078053 0.0258W2 0.21661E-11

At 25%C after temperature run:

Freq., MHz .1 .5 1 2 3.5 6 9.5 16

Trn delta .00355 .00502 .00539 .00562 .00553 .00513 .00489 .00446

Microwave data, as received, 26*C:

Freq., GHz .15 .3 1 2.45 3 8.5

I K 3.15 3.15 3.15 3.145 3.14 3.13

Tan delta .00422 .00466 .00535 .00583 .00590 .00637
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"RadeI" 5000, batch 6 1977 Union Carbide
I100/T T,r)EG.C FREQ.,HZ KI K2 TAN DELTA SIGMAMHO/CM

3.3462 25.7 30000000. 3.225 0.015655 0.004855 0.26091E-063.3462 25.7 9500000. 3.249 0.017758 0.005466 0.93720E-072.3462 25.7 10(0OOOO. 3.280 0.019903 0.006065 0.11057E-073.3462 25.7 500000. 3.289 0.018275 0.005556 0.50765E-083.3462 25.7 3500000. 3.273 0.019114 0.005640 0.37166E-073.3462 25.7 6000000. 3.267 0.018102 0.005540 0.60341E-073.3462 25.7 2000000. 3.278 0.020393 0.006217 0.22647E-073.3462 25.7 100000. 3.314 0.012325 0.003719 0.68470E-093.3462 25.7 10000. 3.324 0.006728 0.002024 0.37377E-103.3462 .25.7 1000. 3.333 0.005138 0.001542 0.28547E-113.3462 25.7 100. 3.337 0.004497 0.001347 0.24983E-123.3,162 25.7 50. 3.340 0.004390 0.001315 0.12194E-123.3462 25.7 10. 3.344 0.004597 0.001375 0.255365-133.0945 50.0 10. 3.373 0.003845 0.001140 0.21362E-13
3.0945 50.0 50. 3.367 0.004292 0.001275 0.11922E-123.0945 50.0 100. 3.365 0.004294 0.001276 0.23854E-123.0945 50.0 1000. 3.365 0.004493 C-001335 0.24961E-113.0945 50.0 10000. 3.361 0.005586 0.001662 0.31631E-103.0945 50.0 100000. 3.349 0.0192 0.002506 0.46620E-093.0945 50.0 1000000. 3.330 0.016008 0.004608 0.88935E-083.0945 50.0 3500000. 3.308 0.018926 0.005720 0.36407E-073.0945 50.0 6000CC. 3.304 0.019846 0.006007 0.661542-073.0945 50.0 9500000. 3,257 0.019724 0.006056 0.10410E-063.0945 50.0 30000000. 3.230 0.017414 0.005391 0.29023E-07
2.6799 100.0 1000000. 3.277 0.017180 0.005246 0.28647E-062.6799 100.0 95000C0. 3.303 0.016053 0.004961 0.04724E-072.6799 100.0 6000000. 3.312 0.014460 0.004366 0.462505-072.6799 100.0 350000. 3.316 0.013026 0.003928 0.25327E-072.6799 100.0 1000000. 3.322 0.009055 0.002726 0.50305E-082.6799 100.0 100000. 3.329 0.005697 0.001711 0.31651E-092.6799 100.0 10000. 3.344 0.004510 0.001349 0.25054E-102.6799 100.0 1000. 3.346 0.003191 0.0024 0.1515-13
2.632 101.0 100. 3.346 0.004024 0.001202 0.22355E-122.6799 150.0 50. 3.342 0.004361 0.001299 0.120826-122.6799 100.0 100 3.352 0.004761 0.001421 0.263332-132.3632 150.0 10. 3.337 0,008127 0.002436 0.41512E-132.3632 150.0 50. 3.326 0.005039 0.001515 0.13997E-122.3632 150.0 100. 3.325 0.004616 0.001324 0.25643E-122.3632 150.0 9000. 3.324 0.004200 0.001264 0.23331E-112.3632 150.0 310000. 3.315 0.016230 0.0001726 0.318270-102.3632 150.0 100000. 3.412 0.004171 0.001471 ,0.270644-092.3632 150.0 1000000. 3.299 0.008096 0.002454 0.449133-072.3632 200.0 9500000. 3.304 0.012436 0.003764 0.65635E-072.3632 150.0 30000000. 3.235 0.01S230 0.005016 0.270650-062.1135 200.0 30000000. 3.204 0.017966 0.005608 0.299449-062.1135 200.0 9500000. 3.259 0.013099 0.004019 0,69133E-072.1135 200.0 1000000. 3.257 0.008395 0.002578 0.466425-112.1135 200.0 100000. 3.274 0.011336 0.003463 0.62976E-092.1135 200.0 10000. 3.292 0.006291 0.001911 0.349S0E-102.1135 200.0 1000. 3.312 0.007955 0.002402 0.441926-112.1135 200.0 100. 3.314 0.022555 0.006806 0.12530E-102.1135 200.0 50. 3.316 0.037448 0.011285 0.10402E-112.1135 200.0 10. 3.335 0.129655 0.038678 0.72030E-122.0074 225.0 10. 4.254 1.648727 0.367569 0.91596E-11

2.0074 225.0 100. 3.579 0.345433 0.096506 0.120855-0

4, 2 .0 0 74 2 5 00 .. 7 8 0 55 90 1 2 33 0 .1 2 561E- 1 0
2.04 225.0 1000. 3.401 0.104960 0.030863 0.58311E-102.0074 225.0 10000. 3.312 0.044301 0.013377 0.24615E-09

2.0074 225.0 100000. 3.268 0.021754 0.006656 0.12085E-082.0074 225.0 1000000. 3.240 0.017423 0.005378 0.967926-09
2.0074 225.0 9500000. 3.202 0.018617 0.005615 0.96257F-07
2.0074 225.0 30000000. 3.148 0.019601 0.006226 0.326665-06
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"Radel" 5000, continued

T*C Freq.,GHz 1 1.685 2.45 3 5 8.515
25 K 3.195 3.190 3.186 3.182 3.170 3.155

D.F. .00547 .00533 .00594 .00618 .00646 .00654
75 K 3.200 3.193 3.187 3.183 3.171 3.157

D.F. .0065 .00646 .0067 .0074 .0080 .00757
125 K 3.197 3.191 3.182 3.178 3.169 3--5

D.F. .0074 .0072 .0077 .0086 .0094 .00875
175 K 3.194 3.190 3.181 3.177 3.166 3.141

D.F. .00805 .00795 .00835 .0092 .010 .0098
200 K 3.199 3.193 3.180 3.175 3.161 3.120

D.F. .0084 .0083 .0088 .0096 .0103 .0102
"Udell" P1700, Blend 63-72 1977 Union Carbide

1000/T T,OEG.C FREQ.,HZ Ki1 K2 TAN DELTA SIGMA,MHO/CM

3.3653 24.0 10. 3.157 0.003836 0.001215 0.21313E-13
3.3653 24.0 50. 3.154 0.003579 0.001135 0.99417E-13
3.3653 24.0 100. 3.153 0.003723 0.001181 0.20683E-123.3653 24.0 100. 3.153 0.003624 0.001149 0.20131E-123.3653 24.0 1000. 3.139 0.004013 0.001279 0.22296E-11
3.3653 24.0 10000. 3.129 0.005502 0.001159 0.30567E-10
3.3653 24.0 100000. 3.119 0.010105 0.003240 0.56139E-09
3.3653 24.0 1000000. 3.095 0.015610 0.005)43 0.86721F-08
3.3653 24.0 9500000. 3.080 0.015480 0.005125 0.81701E-07
3.3653 24.0 30000000. 3.070 0.009535 0.003:06 0.15892E-06
3.0945 50.0 30000000. 3.076 0.009711 0.00357 0.16185E-06
3.0945 50.0 9500000. 3.085 0.015347 0.004.75 0.80997E-07
3.0945 50.0 1000000. 3.096 0.011903 0.0031t44 0.66125E-08
3.0945 50.0 100000. 3.102 0.005793 0.001IH68 0.32186E-09
3.0945 50.0 10000. 3.109 0.003908 0.001!57 0.21711E-10
3.0945 50.0 1000. 3.116 0.002870 0.000)24 0.15996E-11
3.0945 50.0 100. 3.123 0.002344 0001107 0.15742E-123.0945 50.0 50. 3.126 0.002814 0.000W00 0.78171E-13

3.09459 50.0 10. 3.127 0.003318 0.0001,)59 0.16659E-13
2.6799 100.0 10. 3.116 0.005021 0.001611 0.27695E-13
2.6799 100.0 50. 3.110 0.003440 0.0010.46 0.95564E-13
2.0799 100.0 100. 3.108 0.003318 0.001068 0.18434E-12
2.6799 100.0 1000. 3.103 0.000283 0.000091 0.15746E-12
2.6799 100.0 10000. 3.098 0.003210 0.0010946 0.17033E-10
2.6799 100.0 100000. 3.093 0.004087 0.0013;42 0.22706E-09
2.6799 100.0 1000000. 3.084 0.006812 0.002204 0.37843E-08
2.6799 150.0 9500000. 3.076 0.015220 0.0011943 0.80328E-07
2.6799 100.0 30000000. 3.064 0.014844 0.001844 0.24740E-06
2.3532 150.0 30000000. 3.065 0.007800 0.0010541 0.13000E-06
2.3632 150.0 9500000. 3.070 0.009555 0.003113 0.5017,IE-07
2.3632 150.0 1000000. 3.079 0.005506 0.001789 0.30086E-01
2.3632 150.0 100000. 3.085 0.003295 0.00106a 0.18304E-09
2.3632 150.0 10000. 3.089 0.003178 0.001029 0.17657E-10
2.3632 150.0 1000. 3.092 0.003490 0.001129 0.19390E-11
2.3632 150.0 100. 3.105 0.004436 0.001430 0.24657E-12
2.3632 150.0 50. 3.101 0.0030 0.008756 0.1512!E-12
2.3632 150.0 10. 3.107 0.008402 0.002704 0.46679E-13
2.2314 175.0 10. 3.123 0.024379 0.007407 0.1354E-1i2

4' 2.2314 175.0 50. 3.113 0.012030 0.003865 0.26317E-12-10
2.2314 175.0 100. 3.097 0.010603 0.003424 0.136852
2.2314 175.0 1000. 3.019 0.0044E2 0.001441 0.247352-08

I 2.2314 175.0 9OOUO. 3.086 0.005330 0.0031727 0.29611E-10
2.2314 175.0 100000. 3.075 0.002816 0.000916 0.15645E-09
2.2314 175.0 1000000. 3.065 0.0076 0.003893 0.21124E-08
2.2314 175.0 9500000. 3.033 0.010316 0.003401 0.54445E8-07
2.2314 175.0 30000000. 3.023 0.012438 0.004114 0.20730E-06
2.1135 200.0 30000000. 3.066 0.048076 0.005895 0.30127E-06
2.1135 200.0 9500000. 3.079 0.016358 0.005312 0.863314-07
2.1135 200.0 100000. 3.102 0.019015 0.006130 0.10564E-072.1135 200.0 100000. 3.132 0.040219 0.012840 0.22344E-CI8

:2.1135 200.0 10000. 3.211 0.105181 0.032752 0.50434E-09S2.1135 200.0 1000. 3.413 0.253232 0.074187 0.14068E-09
2.1135 200.0 100. 3.939 0.517254 0.131319 0.28736E-10
2.1135 200.0 50. 4.216 0.636457 0.150959 0.17679E-14
2.1135 200.0 10. 4.976 0.980310 0.1969"8 0.54462E-1?2.13-58-~.
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"Udell" P1700, continued

TOC Freq.,Glz . 1.685 2.45 3 5 8.515

25 K 2.995 2.993 2.991 2.990 2.986 2.980
D.F. .00435 .0047 .0050 .00515 .0056 .00608

75 K 2.993 2.991 2.988 2.987 2.982 2.976
D.F. .00497 .0053 .00495 .00584 .00618 .00661

125 K 2.984 2.983 2.979 2.977 2.973 2.969
D.F. .00526 .0056 .00517 .00637 .00676 .00737

175 K 3.003 2.998 2.983 2.974 2.930 2.856
D.F. .0080 .0083 .00732 .00902 .0087 .00816

"Udell" P8000 (formerly "Mindel") 1977 Union Carbide
S1000/7 T,DEG.C FREQ.,HZ Ki K2 TAN DELTA SIGPA,MHO/CM

3.3597 24.5 9500000. 3.650 0.015715 0.004306 0.82939E-073.3597 24.5 30000000. 3.620 0.013623 0.003763 0.22705E-063.3597 24.5 1000000. 3.680 0.016830 0.004573 0.934986-083,3597 24.5 100000.. 3.701 0.011566 0.003125 0.64255E-093.3597 24.5 10000. 3.722 0.009637 0.002509 0.53540E-103.3597 24.5 1000, 3.735 0.012112 0.003242 0.67286E-113.3597 24.5 100. 3.756 0.014206 0.003782 0.78920E-123.3597 24.5 50. 3.764 0.015360 0.004081 0.42667E-123.3597 24.5 10. 3.773 0.017836 0.004727 0.99091E-133.0945 50.0 10. 3.778 0.022700 0.006009 0.126116-12
3.0945 50.0 50. 3.760 0.017612 0.004684 0.48922E-123.0945 50.0 100. 3.753 0.016253 0.004331 0.90296E-123.0945 50.0 1000. 3.745 0.012819 0.003423 0.71214E-11
3.0945 50.0 10000. 3.727 0.009887 0.002653 0.54927E-103.0945 50.0 100000. 3.710 0.008623 0.002324 0.47904E-093.0945 50.0 1000000. 3.695 0.010598 0.002868 0.58876E-08
3.0945 50.0 9500000. 3.651 0.015408 0.004220 0,81320E-073.0945 50.0 30000000. 3.623 0.011837 0.00326; 0.197296-062.6799 100.0 300U0000. 3.631 0.012888 0.003549 0.214O1E-062.6799 100.0 9500000. 3.666 0.012966 0.003537 0.68429E-072.6709 100.0 1000000. 3.695 0.008235 0.002229 0.457486-082.6799 100.0 100000. 3.705 0.008922 0.002408 0.49569E-092.6799 100.0 10000. 3.726 0,012396 0.003327 0.68866E-102.6799 100.0 1000. 3.742 0.016426 0.004390 0.91257E-i1
2.6799 100.0 100. 3.764 0.024341 0.006467 0.13523E-11
2.6799 100.0 50. 3.774 0.031256 0.008282 0.86823E-12
2.6799 100.0 10. 3.803 0.054660 0.014374 0.30367E-122.3632 150.0 10. 3.839 0,092246 0.024328 0.51248E-122.3632 150.0 50. 3.790 0.044838 0.011829 0.12455E-11
2.3632 150.0 100. 3.778 0.032946 0.008719 0.16303E-11 i2.3632 150.0 1000. 3.744 0.020960 0.005598 0.11644E-102.3632 150.0 10000. 3.727 0.015101 0.004052 0.83693E-102.3632 150.0. 100000. 3.706 0.012757 0.003442 0.70872E-092.3632 150.0 1000000. 3.677 0.008623 0.002345 0.47904E-082.3632 150.0 9500000. 3.652 0.013743 0.003763 0.725346-07
2.3632 150.0 30000000. 3.614 0.017161 0.004749 0.28601E-062.2314 175.0 30000000. 3.603 0,009362 0.002599 0.15603E-06
2.2314 175.0 9500000. 3.633 0.013707 0.003772 0.72341E-072.2314 175.0 1000000. 3.682 0.017783 0.004830 0.987926-082.2314 175.0 100000. 3.697 0.020848 0.005639 0.115826-082.2314 175.0 10000. 3.726 0.026165 0.007022 0.14536E-09
2.2314 175.0 1000. 3.761 0.025904 0.006888 0.143912-102.2314 175.0 100. 3.799 0.041062 0.010809 0.22812E-112.2314 175.0 50. 3.812 0.053381 0.014004 0.148286-112.2314 175.0 10. 3.865 0.092537 0.023944 0.51409E-122.1135 200.0 10. 6.776 1.172523 0.173032 0.651402-112,1135 200.0 50. 6.526 0.987350 0.178601 0.274266-102.1135 200.0 100. 5.088 0.858599 0.168743 0.47700E-10
2.1135 200.0 1000. 4.221 0.401071 0.095028 0.22282E-092.1135 200.0 10000. 3.892 0.161689 0.041549 0.89827E-092.1135 200.0 M00000. 3.767 0.073601 0.019337 0.40689E-082.1135 200.0 1000000. 3.683 0.036921 0,010025 0.205122-07
2.1135 200.0 9500000. 3.617 0.030299 0.000377 0.159916-062.1135 200.0 30000000. 3.571 0.022495 0.006300 0.37491E-06
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"Udell" P-8000, continued

T*C Freq.,(1Hz 1 1.685 2.45 3 5 8.515

25 K 3.590 3.569 3.556 3.550 3.538 3.527
D.1% .00410 .00420 .00428 ,00432 .00438 .00435

75 K 3.575 3.558 3.547 3.542 3.527 3.515
9.F. .00471 .0049 .00503 .00504 .00496 .00480

125 K 3.562 3.545 3.532 3.527 3.511 3.486
D.F. .00495 .00518 .00538 .00555 .00582 .00576

175 K 3.543 3...' 3.517 3.510 3.495 3.472
D.F. .00520 .0056 .0060 .0063 .0067 .0069

Printed Circuit Boards Union Carbide
,*12

Polyimide laminate, 11848-i2-3
T

0
C Frnq., fiz 1' 100 10

3  
104 105 106 L0

7  Los 109 1010

24.2 * 5.141 5.122 5.015 5.044 4.972 4.898 4.789 4.68 4.65 4.57
tan .00577 .00510 .004!9 .0.%553 -00994 .0156 .0194 .- 22 G0124 .0147

50 4w.67 4,58
tan 6 .0138 .0196

100 K 4.6C 4.59
Lan 1 .0144 .0229

ISO * 4.66 4.593
tan 4 .0144 .0263

175 * 4.55 4.5/7tan .0143 ,0319

200 K 7.560 5.797 5.191 t,988 1. 929 4.830 4.759 4.71 4.64 4.516
tan A .422 .1488 .0525 .0182 .00994 .00736 .00820 .0108 .0138 .0346

175 . 5.519 5.149 4.971 4,874 4,81.5 4.75 4.717 4.68 4.63 4.54
tan 6 .110 .0510 .s215 .0112 .00792 .0065 .00939 .0114 .0136 .0314

150 . 5.325 4.983 4.884 4.S14 4.765 4.730 4.675 4.63 4.61 4.55
tan 6 .0534 .0265 .0:27 .0083S .0064 .0070 .00924 .0113 .0130 .0255

100 * 4.951 4.850 4.793 4.750 4.717 4.611 4.624 4.60 4.58 4.514
tan A .0121 .00844 .0067 .00529 .00476 .0066 .0104 .0108 .0117 .0212

50 * 4.823 4.725 4.709 4.684 4.660 4.609 4.544 4.50 1.55 4.451
tl .00547 .00691 .00429 .00411 .00557 .00795 .0109 .0098 .0097 .0169

25 * 4.786 4.695 4.682 4.659 4.621 1.547 4.503 4..6 4.51 4.413
tA 6 .00322 .00309 .003o • .00456 .00o9 .00o41 .0108 .0110 .0086 .0133

Polyolefin, crosslinked_, 11848-12-2
T°C Fraq., Hx 10 100 103 104 IO5 106 107 LOO 109 1010

24 K 2.91 2.89 2.869 2.45 2.814 2,771 2,761 2.757 2,847 2.842
tan 6 .00322 .00455 .00S3 . .00644 .00668 .0.;04 .00735 .0076 .00754 .00664

50 •2.860 2.828
tan 6 .0103 .00807

100 2.645 2.796
tan 6 .0163 .0117

150 * 2.877 2.778
tan 6 .0236 .0170

175 * 2.861 2.759
tan 6 .0276 .0205

200 x 3.229 3,046 3.002 2,884 2.790 2.7,5 2.688 2.59 2,778 2.756
tan 6 .4 M .0613 .0265 .0310 .0134 .0132 .0212 .0272 .03t,3 ,0216

175 * 3.226 3.216 3.045 2.923 2.67k 2.812 2.?31 2.65 2.779 2.757
tan 6 .1324 .0334 .0345 .0183 .0137 .0177 .0211 .0232 .0248 .0200

150 I 3.219 3.067 2.97 2.936 2.t3 2.824. 2.740 2.69 2.781 2.782
ta. 6 .0467 .0345 .0165 .0117 .0134 .0166 .0108 .0211 .0225 .0165

100 * 3.012 3.005 2.978 2.931 2.874 2.821 2.766 2.72 2.,105 2.801
tam 6 .00247 .00 417 .00859 .0115 .0128 .0137 .0139 .0136 .0130 .0104

50 s 2.817 2.507 2.796 2.773 2.767 2.704 2.70, 2.695 2.806 2.802
tan 6 .00650 .0045 .00554 .00554 .00557 .00658 .03742 .0008 .00815 .00686

25 * 2.824 2.820 2.814 2.805 2.789 2.767 2,743 2.73 2.b"t 2.602tan 6 .00200 .00251 .002*4 .003M .00402 .00510 .0061 .M6 .00632 .00536
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Printed Circuit Boards, continued Union Carbide

Polysulfone P-1700, 11848-12-1

T C Vreq. ,Ni 10 100 10 3 10 105 10 107 w4  a 109 1010

24 c 3.203 3.186 3.173 3,157 3.152 3.141 3.096 ).46 3.043 3.021
can 6 .00111 .00132 .00157 .00240 .00448 .0010 .0106 .*'07 .0063 .00652

so 1 3.03 3.031

tan 6 .00702 .00749

too0 3.03 3.029

tan 6 .00785 .00876

150 .00.57 3.016

tan 6 .008,7 .01154

175 : 3.03 2.903

tan 6 0095 .0122

200 5.48 4.30 3.59 3.35 3.21 3.16 3.13 3.06 3.32 2.977

tan 6 .293 .18 .0923 .0413 .0199 .0094 .007 .010 .i'148 .0132

175 3.22 3.22 3.20 3.14 3.12 3.10 3.09 3.07 3.03 2.977

tan 6 .00929 .00745 .00720 .00952 .00342 .00371 .00411 .006 .0K 962 .0139

150 I 3.21 3.18 3.14 3.11 3.10 3.09 3.08 3.06 3.03 2.993

tan 6 .00371 .00787 .00853 .00407 .00317 .00270 .00333 .0052 .00)92 .0108

100 i 3.09 3.08 3.08 3.08 3.08 3.07 3.07 3.05 3.01 2.977

tan 6 .00073 .0004 .00057 .00065 .00094 .00138 .00303 .0042 .0055 .00783

50 s 3.09 3.08 3.08 3.08 3.07 3.07 3.06 3.05 3.00 2.969

tan 6 .00041 .00054 .00061 .00095 .00141 .00223 .00352 .0043 .0046 .0609

25 9 3.097 3.08 3.08 3.00 3.073 3.063 3.034 3.03 3.00 2.966

tat 6 .000A6 .00066 .00094 .00134 .00160 .00256 .00384 .0039 .0061 .00519

At 24°C, 30 MII, ton 6 - .016

Polysulfone P-1720, 11848-12-2

0T°C Freq., Hz 10 100 103 104 105 106 107 108 t09 to10

24 t 3.252 3.238 3.233 3.222 3.197 3.159 3.141 3.08 3.044 3.032
can 6 .00119 .00144 .00226 .00306 .00446 .00774 .00764 .0061 .00366 ,.00660

50 t 3.23 3.22 3.21 3.20 3.20 3.17 3.13 3.08 3.050 3.GI6
tan 6 .00127 .00098 .00125 .00162 .00272 .00555 .00795 .0077 .00656 .0)757

100 K 3.19 3.18 3.17 3.17 3.15 3.15 3.14 3.07 j.05 3.015

tan 6 .00221 .00263 .00193 .00170 .00181 .00287 .00546 .0073 .0078 .00)26

150 K3.27 3.22 3.19 3.15 3.13 3.11 1.10 3.07 3.04 3.006
tan 6 .00491 .00827 .00777 .00518 .00 433 .00379 00451 .0068 .0086 .011$

24 K 3.11 3.11 3.10 3.10 3.09 3.08 3.07
tan 6 .00061 .00081 .00103 .00160 .00237 .00326 .00389

50 3.12 3.09 3.09 3.09 3.09 3.08 3,07
tan 6 .00051 .00069 .000 1 .00111 .00175 .002"6 .00375

100 1 3.11 3.09 3.09 3.08 3.08 3.08 3.07
tan 6 .00111 .00083 .00073 .00084 .00119 .00196 .00319

150 3.24 3.20 3.75 3.13 3.11 3.08 3.08
ton 6 .00513 .00958 .00714 .00403 .00371 .00332 .00404

freq., HI

150 tan 6 .00612 .00926

175 3.01 2.962
tan 6 .0093 .0129

200 a 64 3.84 3.46 3.28 3.20 3.16 3.13 3.08 3.02 2.942

ta 4 .234 .1289 .0575 .0302 .01147 .00700 .00713 .0079 .0150 .0137

175 K 3.26 3.22 3.12 3.15 3.14 3.11 3.10 3.06 2.95 2.917
tan 6 .00679 .00703 .01132 .00551 .00306 .00338 .00396 .0060 .00966 .0123

150 K 3.23 3.19 3.14 3.13 3.10 3.10 3.09 3.05 3.00 2.938

tan 4 .00617 .0104 .00581 .00319 .00360 .00251 .00311 .0056 .00792 .0102 S "

100 e 3.11 3.11 3.10 3.10 3.10 3.09 3.09 3.04 2.99 2.935'
tan 6 .00078 .f0062 .00056 .0006 .00088 .00153 .00271 .0042 .00G62 .00785 .4

50 3.11 3.10 3.10 3.10 3.09 3.00 3.06 3.02 2.98 2.932'A
tan 6 .00050 .60055 .0004 .00096 .00144 .00220 .00334 .0039 .00452 .00634

24 K 3.110 3.104 3.100 3.100 3.098 3.087 3.081 3.04 2.98 2.931

tan 6 .00045 .00073 .0009 .00135 .00193 .00269 .00348 .0035 .00408 .00517

At 2000C. 30 Hs. K - 4.25. tan 4 - .1796 -61- !
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II

Epoxy 2795/2793 with UV stabilizers Union Carbide
Samples from MIT Lincoln Laboratory

3 GHz R.T.

Stabilizer K tan 6

None 3.11 .0365
Benzotriazole 2.98 .0327
Substituted acrylonitrile 3.09 .0327
Benzidine malonate 3.14 .039
Benzophenone 3.10 .031

Polymer with tungsten wire reinforcement AFML
25C Temperature run 8.5 GHz

Freq., Hz K tan t T0C K tan 6

100 8.91 .0117 23 3.032 .0241
1K 8.31 .0459 94 3.142 .049
3K 8.02 .0400 101 3.222 .077
1OK 7.72 .0487 130 3.294 .106
300K 6.10 .141 150 3.344 .137
114 5.71 .160 170 3.376 .156
3.5H 4.69 .168 208 3.428 .184
30M 3.75 .110
8.5G 3.034 .0253

Polyurethane Foam CPR 1057-6.24 Upj ohnl

8.5 GHz R.T. K - 1.122 D.F. .00241

IV. Liquids

Crude oil, low viscosity MIT

ToC Toy V req., lt 10i 1 3  
104 10 10' 5.106 1.610' IO' 2.45.109 3.10w

58 136 K 2.667 2,456 2.363 2.327 2.306 2.281 2.278 2.256 2.256 2.2381
tan 6 2.63 .332 .0541 .0102 .0038 .0050 .0073 ,'A74 .00495 .0052
0 3.91-10 4.59-10 7.11-It 1.331-9 4.871-9 3.23-8 1.53-7 9.31-6 1.,1-5 1.9-K3

22 72 K 2.643 2,494 2.407 2.376 ?,360 2.333 2.309 2.292 2.290 2.272
tan d .406 .0742 .0172 .0061 .0076 .0106 .0115 .0035 .0028 .0029
0 6.1-i1 1. 1-10 2.31-10 8.1-10 1.1-8 6.9K14 2.31-7 4.451$-6 8.7-6 1.19-5

-20 -4 r 2,563 2.481 2.602 2.392 2.336 2.330 2.318 2,310 2,31 2.31I,
tan 6 .0257 ,0146 .o118 .0118 .00909 00533S .00361 .0007 .0008 W0Ui0S4.1X-12 2.!-]l 1.59-10 1.59-9 1.2,-$ ,.5,-8 7.41,6 1.-6 2.5t-6 3.89-6

9 Crude oil, high viscosity MIT

4 1536 (Alkan type) 2%

60 140 ' 3.277 2.903 2.673 2.578 2.548 2.473 2.4664 2.333 2.330 2.330
tan 6 .285 .37 .0705 .0104 .3169 .019 .0173 .0080 .00564 .0076
a 5.21-10 5.9z-10 10 , '- .99-9 2.4t-& 1.3W- 3,81-7 1.1-5 1.8$:-5 2.951-5

26 82 K: 3.129 2.820 2.6"9 2 606 2.511 2..48 2.467 2.396 2,394 2.393
tan 6 .397 .092 .0304 .010 .0190 .0154 .0116 .0050 .0040 .0047
a 6,99-11 1..45-10 4.51-10 2. t1-9 2.71-8 1,-7 2.51-7 6.63E-6 1.31-5 1.91-5

-18 0 K 2,$11 2,670 2.591 2,.53' 2.493 2.492 2.489 2.37 2.3.3 2.37
to 6 .0421 .0275 .0114 :01196 .0076 .0050 .0032 ,0022 .0021 .0025
, 6.W1-12 4.11-11 2.61 2. 1I.6-9 1.1-r :.481-8 7.1346 2.91-6 6.8"-6 1.3-5
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Carbon tetrabromide MIT Materials Science
I MHz

T°C K D.F.

Liquid 94 2.584 .00069
102 2.563 .00091

Solid 25 2.468 .0002

Diectalphthalate C2 4H3 8 04  MIT, Melcher

At 1 to 100 Hz, 23 0C K - 5.15 a - 5.74E-12 mho/cm

Water-Hydrochloric Acid Solutions MIT for JPL

8.515 GHz 24.19C

Wt% Acid K' K" O Wt% Acid K " 0 a

0 63.5 63.7 .131 25 1.3 151 .713
5 39.5 119 .562 29 2.8 145 .685

10 12.0 162 .765 32 5.8 132 .625
18 -4.8 164 .777 37 9.4 124 .586

Water-Sulfuric Acid Solutions MIT for JPL

8.515 GHz 24.9 ± .5,*C 8.515 GHz 22.8*C
Wt% Acid K' K" 0 Wt.% Acid I' i" 0

0 67.2 28.3 .134 0 67.0 29.4 .139
1.11 64.0 37.3 .177 31.72 '.3 153 .225
5.04 50.1 65.9 .312 33.7 2 153.4 .726

10.08 32.0 97.7 .462 35.2i 3.2 153.3 .725
15.09 18.1 122 .579 38.06 3.2 149 .704
20.15 6.4 140.5 .665 40.8U 6.4 145 .637
25.32 -0.4 152 .720 43.66 9.8 140.4 .664
30.15 -4.1 157.5 .745 47.22 11.3 130., .619
35.24 -0.2 157.4 .7445 50.38 16.7 122 .578
40.38 3.8 150.7 .713 52.74 21.8 119 .564
45.31 6.5 137.4 .650 58.37 22.3 106 .502
50.38 17.3 127.3 .602 64.69 32.U 78.6 .372
55.43 23.4 111.4 .527 73.33 30.2 52.6 .249
60.39 25.5 91,9 .435 84.59 29.8 32.7 .155
65.55 29.6 76.4 .362 91.94 28.45 34.5 .163
70.61 24.2 56.? .266 95.87 26.4 34.6 .164
75.61 29.4 44.4 .210 96.26 24.5 32 9 .159
80.49 29.0 36.1 .171 96.61 23.4 31.1 .147
85.52 26.8 33.7 .159 97.j 22.0 29.6 .140 1 -

90.55 2C.0 35.6 .168 97.22 21.8 29.9 .141
96.26 23.7 33.6 .159
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MATERIALS AND COMPANY INDEX

"Acrawax" C, VI-56 "AlSiMag" 719, P.R.-6
Acrylate resins, IV-34,35; V-10 "AlSiMag" 754, P.R.-40
Acrylonitrile-butadiene "AlSiMag" 772? 9-24

copolymer, IV-53 "AlSiMag" 5050, V-234; VI-44
A.C. Spark Plug, 9-24 Alumina (including porcelains), IV-6,
Admiralty Materials Laboratory's IV-6,96-100; V-1-4,21-23,30-52;

silicon nitride, ceramic, P.R.-100 VI-7-21; P.R.-5-37; 8-1-3; 9-24
AFC Alumina, V-21 A.C. Spark Plug, 9-24
AF Materials Laboratory's Zircolite, "AFC", V-21,30

P.R.-122; Sialons, 10-23 "Alite", see U.S. Stoneware,
Aircraft-Marine Products, Inc., V-21,51; VI-20,21

IV-14; V-74 "Alberox" A-935, A-950 and
Air Reduction Sales Co., V-20 A-962, P.R.-5
Air Seal, IV-52 •american Lava
"Alathon", IV-27,70 "AlSiMag" 393, IV-3
Alberox Corp., P.R.-5 "AlSiMag" 491, IV-6,100;
"Alberox" A-935, A-950 and A-962, V-1,32,33

P.R.-5 "AlSiMag" 513, V-1,34,35
Alcohols, IV-62 "AlSiMag" 544, V-2,21,31
"Alite" A-389-25 and A-389-P-30, VI-20 "AlSiMag" 54u, 1,31

AP-212 and AP-216, V-21 "AlSiMag" 576, V-2,36,37
AP-312, V-21,51 "AlSiMag" 602, V-21
APO-512-6 and IPO-512-7,VI-21 "AlSiMag" 652, V-21,38,39; VI-8,9

Alkyd resins, IV-47-49,123;,124; "AlSiMag" 719, P.R.-6
V-112,113 "AlSiMag" 772, 9-24

Allied Chemical Corp., P.R.-194 Armour Research, Alcoa, PR.-7,8
Allied Chemical fluorocarbon E-11, P.R.-9,i0

derivative P-IC, P.R.-194 E-20, P.R.-l1
Allied Resin, 9-32 A-75, P.R.-15-17
Allison, William M. and Co., IV-58 A-76, P.R.-12-14
Allyl resins, IV-47,48 mixtures, P.R.-18
Allymar CR-39, CR-39 + glass, IV-48 Centralab 205 and 206, P.R.-19
"Alox", National Beryllia, P.R.-31 Carborundum 1542, P.R.-19
"AlSiMag" A-35, IV-3,80 Coors
"AlSiMag" A-196, IV-3,78,79 AB-2, IV-6,98,99
"AlSiMag" 211, IV-3 AD-99, VI-14,15; P.R.-191
"AiSiMag" 288, IV-3,81 AD-995, P.R.-20
"AlSiMag" 243, IV-3,82; VI-34 AL-100, V-2,40
"AlSiMag" 393, IV-3 AL-200, IV-6,96,97; V-2,40; )
"AlSiMag" 495, V-5,59-61 VI-ll-13
"AlSiMag" 491, IV-6,100 96% Alo 8-1
"AlSiMag" 491 (blue), V-1,32,33 EI-95, 2V2-16,17
"AlSiMag" 505, IV-82 MC-2014, P.R.-20
"AlSiMag" 513 (pink), V-1,34,35 RR, P.R.-.20
"AlSiMag" 544, V021,31 fCoors-NBS 1OF2, P.R.-20
"AlSiMag" 576, V-2,36,37; P.R.-6 Corning
"AlSiMag" 577, V-4,58 JD-40, V-2,41; JD-82, V-2,41
"AISiMag" 602, V021,75 JB-123, V-2
"AlSiMag" 614, VI-10; P.R.-6 WD-131, V-2
"AlSiMas" 652, V-21; VI-8.9 JB-183. V-2.41

In this index Roman numerals refer to Tables of Dielectric Materials, Vols. IV, V
and VI. P.R. refers to Tech. Rep. APML-TR-82-39. Arabic number 8 refers to Tech.
Rep. AFML-TR-74-250, Pt. II. Arabic number 9 refers to Tech. Rep. AFML-TR-74-250,
Pt. III. This report is referenced by Arabic number 10 followed by page numbers.
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Alumi.na (cont.) U.S. Stoneware (cont.)
Diamonite AP-212, V-21

B-890, V-2,42 AP-216, V.-21
B-890-2, P.R.-21 A-312, P.R.-34
P3142, V-2,43 AP-312, P.R.-34
P3142-1, P.R.-21 "Alite" A-389-25, VI-20
P-3459, V-2,44 "lAlite" A-389-P-30. VI-21
P-3530-400 V-3,45 "tAiteo" APO-512-6, VI-21
P-3662, P.R.-21 "Alite" APO-512-7, VI-21

"tDuramic" HT-960, 8-1 610, P.R.-34
Frcenchtown STD. 30500F, P.R.-35

4462, IV-.6; V-48 Western Gold & Platinumt
6096, V-3p4b A1-300, V-4,52; P.R.--36
7225, P.R.-21 Al-300, modified, P.R.-36
7873, V-3,.49 A1-400, P.R.-37

General Ceramic Al-500, P.R.-37
ADH-211, V-3 A1-995, P.R.-37

General Electric Al1-1000, V 4; '..R.-37 .
AT-lO0, P.R.-22 Wesgo 4078, 10718
A-919, P.R.-25 Alumina cement, 8-3
A-923, P.R.-26 Alumina foam, 8-2
A-976, P.R.-27 Aluminum nitride, Carborundum,
A-1000, P.R.-28 hot-pressed, P.R.-1
A-1004, P.R.-29 Aluminum nitride, General Electric,
"Lucalox", P.R.-23,24 hot-pressed and CVD, 10-18 1*

International Pipe & Ceramic Aluminum oxide, Linde, single crystal,
<ITC-301, P.R.-30 IV-l,72; V-.1,26-28; P.R.-2,3

TC-320-H, P.R.-30 Aluminum oxide, Union Carbide, single
TC-351, P.R.-30 crystal, P.R.-4, 9-24
V.-69, P.R.-30 Aluminum oxide, single crystal, .10-18

Kearfott Aluminum oxide, multicrystalline, see,
high-purity, V-3,46,4Y'; P.R.-30 alumina
hot-pressed in carbon, VI-18,l9 Aluminum oxide mixtures, VI-50,51; 9-24,~25

Knox porcelaini, IV-6,l00 Aluminum silicates, V-3,6
Minneapolis Honeywell Aluminum oxynitride, A)*KRC, single crystal,

A-127 and A-203, P.R.-31 10-18
National Beryllia "Alox", P.R.-31 "Alvar" 11/90, IV-34
Norton 99.5%, P.R.-31 Amber, IV-55

7X, V-3,49 Amber Mines, Inc., IV-55 2
17Z, V-3 American Concrete Producto, P.R.-l59

Raytheon 1959, P.R.-32 American Cyanamid Co., Plastics Dev.
402B, V-3 Labs., IV-21,23,38,46,112,llB-121;

Rockwell foam, 8-2 V-8,1P06,107; P.R.-159,160; 9-32
"Sintox", V-3 American Cyanamid Co., Plastics and
Steatit-Hagnesia A.G. A-18, Resins Div., V1-65; 10-36

P.R.-32,33 American Cyanamid, cyanoethylated cotton
Stupakoff 15 molding, P.R.-159

1510, V-3,51 American Cyanamid "Cymac"' :325, P.R.-160
1540, V-3,50 American Cyanamid, see "Laminac,"
1542E, V-3 "Helmac," Beetle"
1542P, V-3,50 AmrcnCyanamid 405 resizL, V-8
1550, V-3,50 American Durafilm, 9-32

U.S. Stoneware American Feldmuehle Corp., V-21,30
A-212, P.R.-34 American Lava, IV-3,4,6.78-82,88-93,100;
A-216, P.R.-34 V-1,4,5.21,31-37,58,61,75,234;

VI-8-10,34,44; P.R.-6,40
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AmeLican Lava, see "AlSiMag" AVCO Research, polyvinylidene

American Optical Co., IV-9; P.R.,77,82 fluoride, P.R.-161
American Optical Amersil, P.R.-82 Avisun Corp., P.R.-162,163
American Optical, Phosphate glass, Avisun polypropylene, nat•lral

IV-9; P.R.-77 and plateable, P.R.-162,163
American Phenolic Corp., see Amphenol
American SmeJtino and Refining Co.,WV-13 Bakelite Corp., IV-15,16,20,27-29,

IV-l336,48,57•58,64; V-12; P.R.-180
Amersil, clear, translucent, P.R.-G2 36,48,5e,58,64; V-12; 5,18

Amicon Corp., P.E.-160 "Bakelite" BW-250, BT-415,06,
Amicon Corp., conformal coating "B -lite" and BM-681pwe,

1517-36-3, P,R.-160 BM-16981 and BM-16981 powder,

Ammonia, 9-25 IV-16
Ammonium dihydrogen phosphate, iV-l, "Bakelite" BRS-16631 + glass, IV-48

AMMRC, 10-i8,19,26.-29,36 BV-17-85 + glass, IV-16
Amoco, 9-32,33' PLLA-5005, V-12Amphenol Corp., IV-28; PR.-161 "Bakelite" polystyrenes, IV-36
Amphenol Corp.. polyethylene, "Bakelite" polyvinyl chloride-

Irradiated, P.R.-161 acetate, see "Vinylites"
"Amplifilm," IV-14; V-74 Biaata, precipitated, IV-51
Aniline-formaldehyde resins, IV.-21 Balsa wood, The Sippican Corp.,
Apatite, P.R.-126,127 P.R.-192
"Apiezon" Wax "W", IV-56 Barium fluoride, oingle crystal,
"Araldite" Adhesive, Type I P.T.-38,3)9

(natural and silver), IV-50 Barium-strontium titanate, IV-5,6
"Araldite" casting resin, Type B, Barium titanate, IV-5; V-i

"A -4dt2 asnBarium titanate and plastic
"Araldite" castig8 resin G, IV-49 mixtures, IV-43"Araldite" E-134, IV-49 Basalt, Hawaiiaa, high-density, P.R.-136

Argus Chemical Corp., U.S. Per- low-density, P.R.-137oxgnDiv.,.P.R.-197 deep ocean basalt, P.R.-137
oxygen Div., P.R.- 19 8 Basalt, synthetic, P.R.-139
ArorResearch, P.R.-7-18',198

"Aroclor" 1221, 1232, 1242, Battelle Memorial Institute, P.R.-45
12468, IV-63 Battelle boron nitride, hot-pressed,
1254, IV-63; VI-78-83 P.R.-45
1260, 1262, 5442, IV-64 "Bayol", "Bayot"-D, -F, -16, IV-65-66
1268, 4465, 5460, IV-15 Beef steak, lean, frozen and vacuumArmour Research, aluminum dried, P.R.-199
oxide, P.R.-7-18 Beeswax, white, yellow, IV-57

Asbestos, IV-13 "Beetle" resin, IV--23
Asbestos filled plastics, !V-16; Bell Telephone Laboratories, IV-3,83;
Asbetos8, lle4 pl5 tic,9 IV-56,57; VI-28,29; P.R.-72

V-8,9,84,85,96,97 Bell Labs., F-66, IV-3,83; V.-56,57;
* ~~Asphalt pavement and asphalts,PR.7

i'.R.-156 .- 7"" • I :Bentonite, P.R.-3.27
Asphalts and cenients, IV-56

sAtrophyllite, P.R.-127 Bentonite, IV-14; V-74
"Astroquartz", 8-46,47; 9-42-44 Benzenes and diphenyls, chlorinated,": "Atlac" 382, V-11,12 -6

I Atlantic Laminates, 8-25; 9-33; 3.0-38 Benzenes, chloro-, IV-64
Atlas Powder Co., V-11,12 Benzoguanamine-fovmaldeliyde resin, IV-23" Berlox", BeO, P.R. 41
Attenuator Materials, IV-43-45; " "-41• Beryl, P.R.-128,129

V-13,15,17,18,22,234-244; . .... .. ....... . -2....'
Beryllia, IV-6; V-.21,24,52,53; vI-22-2;

VI-44,45; P.R.-79,80,81, P.R.-39-43, 10-19 -,148,175; 9-33; 10-36 American Lava "AlSiMag" 754, P.R.-40 J
AVCO absorber, 9-33; 10-38
AVCO Research, P.R.-161; 10-29,10-38.
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National Carbon, see Union Carbide
Beryllia (cont.) n

Beryllium Corp., hot-pressed, Raytheon, pyrolytnc, i."?. 2 ,53

• V-21,53 Union Carbide & Carbon, pycolytic
crucible grade, V-21,52 s i(see High.-Tempaerature Matearilal)

Brush B-6, P.R.-40 pyrolytic laminate, P.R.-J4
B-7-6, P.R.-40 cold-pressed, P.R.-57

B-7-37, P.R.-40 hot-pressed HBC, 9-26,27; 10-19
cold-.pressed, VI-24,25 HBR, P.R.-56
F-1, P.R,-41 HBN, P.R.-57
hot-prested, VI-22,23 hot-pressed HD-0025, VI-48,49
sintered, VI-26.,27 HD-OO56, P.R.-54

Coors BD-98, P.R.-41 HD-0086, P.R.-54
National Beryllia "Berlox", P.R.-41 HD-0092, P.R.-55

cold-pressed, P.R.-41 HD-0093, P.R.-55
North American translucent, HD-0094, P.R.-55

P.R.-42,43 Boron nitride alloys and mixtures,
Norton, IV-6 V-6,79; VI-50,51; 9-24; 10-29

Beryllium Corp., The, V-21,52,53 Boron nitride, yarn, 8-5
Beryllium oxide, multicrystalline, Borosilicate coating, 8-19

see Beryllia Brand-Rex Co., IV-40; VI-lI,105;
Beryllium oxide + silicon-nitride, P.R.-181-183

8-4; 9-25,26 Bread and bread dough, P.R.-202
Beryllium oxide, single crystal, Bromund, E.A., and Co., IV-57

Electronic Space Products, P.R.-39 Brown Univ. silicon single crystal,
Beryllium orthosilicate, single P.R.-78

crystal KSC 7013, Electronic Space Brunswick Corp., Defense Products
Products, P.R.-44 Division, P.R.-95; 10-19,20

Biphenyl, dilasopropyl and mono- Brunswick slip-cast, SiO2, P.R.-95
isopropyl, V-19 Brush BeO

Biphenyls, chlorinated, IV-15,63,64 B-6, P.R.-40
Birch plywood, P.R.-193 B-7-6, P.R.-40
Bismuth silicate ceramic, P.R.-44 B-7-37, P.R.-40
Bitumen, natural, IV-56 cold-pressed, VI-24,25
"Boltaron" 6200-10, V-10 F-1, P.R.-41
Bondex, 10-46 hot-pressed, VI-22,23
"Boralloy", P.R.-50,51 sintered, VI-26,27
Borden film and adhesive, 9-33 Brush Electronics Co., IV-1,73
Boron nitridc, V-6,76,77; VI-48,49; VI-22,27; P.R.-40,41

P.R.-45-57; 8-5; 10-19 Budd Company, The, P.R.-164,165
Boron itriLde, density eftect, P.R.-45 Budd copper-clad laminate, PE1153
Boron nitride, Battelle, hot-pressed, P.R.-164,165

P.R.-45 Budd DiClad-522, polytetrafluoro-
Carborundum, hot-pressed, 1956, ethylene, fiberglas laminate,

V-6,76 P.R.-163
Carborundum, hot-pressed, Grade A, Buna S (GR-S) and compounds, IV-52

P.R.-47 Bureau of Standards casting resin, IV-40
Grade HP (1962), P.R.-46,48; Butadiene-acrylonlitrile copolymer, IV-53

10-19 Butadiene, chloro-, IV-53,62
Grade M, P.R.-49 Butadiene-styrene copolymer, IV-38,52

Carborundum, hot-pressed with "Butvar", low OH and 55/98, IV-34
BN fibers, 8-5 n-Butyl alcohol, IV-62

Ford Aerospace, W4 jDX,8-5; 10-19 Butyl rubbers, IV-52
High-Temperature Materials, Butyraldehyde, IV-62

pyrolytic, P.R.-50,51
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Cable oil 5314 and PL101270, IV-65 Cellulose triacetate ("CTA"), V-9, 92
Cadium telluride, "IRTRAN" 6, 8-6 Cements and asphalts, IV-56
Calcite, P.R.-58 Cements, alumina, 8-3
Calcium carbonate, single crystal Cenco "Sealstix", IV-56

mineral, P.R.-58 Centralab.:
Calcium fluoride, single crystal, aluminas 205, 206, P.R.-19

V-1; P.R.-59-61 steatites 302, 400, 410, 452,
MIT, LIR, V-1 IV-3, 84-87
MIT, Crystal Physics Lab., P.R.-59 Centralab. Div., Globe-Union, Inc..
MIT, Ceramics Lab., P.R.-60 IVT-3, 84-87; P.R.-19
Mixtures with "Teflon", V-10 Centra) Scientific Co., IV-56

Calcium sulfate, 8-23 Ceradvrne ]503, 1605, 1597, l1!95, 9-24;
Calcium titanate, IV-5 4l8S, 19-19; "Cerelloy" 147Y, 10-28
California Research Corp., IV-65 "Ceram" 61-1, V-5, 65
Candy and Co., Inc., IV-57 "Ceram" 61-2, V-5, 66
Cantol Wax Co., IV-59 "Ceram" 61-3, V-5, 67
"Carberlox", National Beryllia, P.R.-80 "Ceram" 61-4, V-6, 68
Carbon, diamond, V-1 "Ceram" 61-5, V-6, 69
Carbon and plastic mixtures, IV-32, 41; Ceramics for Industry, PoR.-148

V-239, 240 Ceramics for Industry
Carbon tetrabromide, 10-63 CFI 1003, CFI 1006 attenuator

Carbon tetrachloride, IV-62 materials, P.R.-148
Carbonyl iron and plastic mixtures, Cerese Wax AA and brown, IV-57

V-15 Ceresin, wbite and yellow, IV-57
Carborundum Co., The, V-6, ;6; Cerium fluoride, ceramic, MIT, LIR, P.R.-61

VI-A6, 47; P.R.-1,19,46-49,79,166; "Cervlt" glass, 10-27
8-5; 9-34 Cesium bromide, V-1

Carborundum "Astral", 9-34 Cesium iodide, V-i
Carborundum boron nitride, Grade A, Cetylacctamide, IV-56

Grade HP, and Grade M, P.R.-46-49 Chalcopyrite powder, 9-31
hot-pressed, V-6,76,77; 8-5 "Chemelac" M1405, M1406, M1407, M1411,
silicon nitride alloy, V-6,79 and M1412, IV-32

Carborundum "Ekkcel" I 200, 9-34 "Chemelac" M1414, IV-32; V-241
Carborundum EKONOL (polyester resin), "Chemelac" M1418-2, M1418-5, M1422,

P.R.-166 and M1423, IV-33
Carborurdum cilicon carbide, P.R..-79 "Chem-lac" B-3, IV-56
Carborundum 1542, P.R.-19 Chemplast, Inc., P.R.-166
Carborundum "Castolast", 8-3 Chemplast "Zitex", low-density poly-
Catalin Corp. of America, IV-16-18, tetrafluoroethylene film, P.R.-166

36-39,119 Chimney flue tile liner, 10-34

"Catalin" 200, 500, and 700 base, Chlorinated benzenes and biphenyls,
IV-16,17 IV-15, 63, 64; VI-78-83

"Catalin" 8012, IV-39,119 a-chloroethyl-2,5-dichlorobenzene, IV-64
"Catalin" EK 2784, IV-39 Chlorostyrenes, ortho, para, copolymer,IV-42
Celanese Corp. of America, IV-24, Chlorotrifluoroethylene dimer, trimer, V-18

25,114,115; V-9,10,12,90 Chlorotrifluoroethylene tetramer, pentamer,
Celanese MR-31C, MR-33C, MX-186, hexamer, V-19

, and MX-218,V-12 Chromium oxide, Linde, single crystal,
Cellular Rubber Products, Inc., P.R.-62

IV-51 Ciba Co., Inc., IV-21, 49, 50, 125;
Cellulose acetate LL-l, IV-23 P.R.-108, 180; 10-54
Cellulose acetate + plasticizer, IV-24 Ciba epoxy resins, IV-49, 50, 125; P.R.-180
Cellulose acetates, IV-23,24; V-9 "Cibanite", IV-21
Cellulose derivatives, IV-23-25; Ciba tantalum oxic ý, optical grade powder,

V-9,90,91,92; P.R.-159 P.R.-108
Cellulose nitrate and camphor, IV-25 Cincinnati Milicron, 10-39
Cellulose propionate, IV-25, 114; Climax Molybdenum Co., VI-45

V-9, 90
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Clinoensteatite, see magnesium meta- Corning Fotoceram, VI-40, 41
silicate Corning Fotoform, VI-36-39

Coal, powdered, P.R.-191 Corning Glass Code Nos. 0010, 0014, 0080, 0090,
single lump, P.R.-192 0100, 0120, 0330, 1723, 1770, 1900, 1991,

Coating, borosilicate, 8-19 3320, 7040, 7050, IV-9, 102; P.R.-89,149
Cobalt ferrite, MIT samples, V-136, 7052, 7055, 7060, 7070, IV-10, 102; V-62, 63;

177, 206 7052, 7056, 9-29
Cobalt oxide, P.R.-63 7230, 7570, 7720, 7740, 7750, IV-10

cobalt-nickel oxide, mixed crystal, 7900, 7911, IV-10, 103; V-5, 64; VI-35
MIT Crystal Physics Lab., P.R.-63 7940, P.R.-83; 10-24, 25

Coffee, P.R.-202 7941, P.R.-96
Collins Radio, 9-35, 36 7971, 8-19
Columbia Univ., P.R.-75 Corning 7945 multiform glass, P.R.-96
Columbia University manganese fluoride, Corning Glass Nos. 8460, 8830, IV-10

tetragonal crystal, P.R.-75 8603, V-5
Components and Systems Lab., see 8871, 9010, Lab. No. 189CS, IV-lI

U.S. Components and Systems Lab. Corning Glass Code 9606, VI-42, 43;
Composition B, 9-41 P.R.-149; 10-30, 31; Code 960Q, 10-33;
Concrete pavement, P.R.-157 Code 960Z, 10-34
Concrete, artificial, P.R.-159 Corning Glass Code 9754, 10-26
Condex Co., 8-26 Corning Glass No. 119BUC, P.R.-89
Conformal coating, Amicon Corp., Corning Glass Works, IV-9-11, 26, 41, 42,

P.R.-160 102, 103; V-2,5,6,41,62-71; VI-35-43;
"Conolon" 506, V-8 P.R.-83,89,96; 8-19; 10-24, 25, 26, 31-34
Continental Diamond Fibre Co., Cotton molding, Amer. Cyanamid, P.R.-159

IV-18,19,21,26,27,31,32'V-8,I2, Crepe, pale and compounds, IV-51
14,80-83,88,93,104,108,114 Cresylic-acid formaldehyde resins,

(now a division of the Budd Co., IV-18, 19, 68, 70
see also Budd) "Crolite" No. 29, IV-4

Cooking oil, Kremax, Armour, P.R.-198 "Cronar", V-13, 109
Coors alumina Crowley Co., polyiron attenuator, P.R.-167

AB-2, IV-6, 98, 99 Crowley, Henry I. and Co., Inc., IV-4, 7;
AD-99, VI-14, 15; P.R.-19 V-217-219; P.R.-167
AD-995, P.R.-20 "Crowloy" 20, IV-7; V-217
AL-I00, V-2, 40 "Crowloy" 70, IV-7
AI-200, IV-6, 96, 97; V-21; VI-ll-13 "Crowloy" BXil4, IV-7; V-219
96% A1 2 03 , 8-1 Crude oils, 10-62
EI-95, VI-16, 17 Crystals, inorganic, IV-1,2,72-77; V-1,
MC-2014, P.R.-20 26-30,133-135; VI-2-6; P.R.-2,4,38,39,44,
RR, P.R.-20 58-60,62,63,65,66,68,77,78,80,81,103-107,
NBS 10F2, P.R.-20 109,115,117,123-134; 9-24; 10-18

Coors BeO BD-98, P.R.-41 Crystals, organic, IV-15
Coors cordierite, CDI, 10-20 Custom Materials, Inc., P.R.-167; 9-36
Coors Porcelain Co., IV-6, 94-99; V-2, Custom Materials, Load 4101, 707-4,

21; VI-1I-17; P.R.-19-20,41; 10-20 707-(3.75), P.R.-167Coors Spinel, 8-12 Cyanurate ester resin, 8-45

"Copolene" B, IV-28 Cycloaliphatic resin, 10-54
Copper halides, pressed powder, MIT, LIR "Cymac", 325, VI-65; P.R.-160

copper bromide, P.R.-63
copper chloride, P.R.-63 "Dacron"-filled plastics, V-8,10,12,14,110
copper iodide, P.R.-63 "Darex" No. 3, 43E, X-34, X-43, IV-38

Cordierite, P.R.-67; 10-19, 20, 21 Dart Industries, 10-39
`'Corfoam" 114, IV-19 "DeKhotinsky" cement, IV-56
Cornell Aeronautical Labs., IV-48, 124 Delaware Research and Development Corp., V-9
Corning aluminas Dennison Mfg. Co., IV-58

JD-40, .JD-82, JB-183, V-2, 41 Desert sand, P.R.-143
JB-i23 and W.D0131, V-2 Dewey and Almy Chemical Co., Organic

Chemicals Div., IV-38
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"Diala" Oil, IV-66 XR-7141; VI-56
"Dialite" 55 P687 laminate, 8-35 R-750-1, VI-52,53
Diallyl phenyl phosphonate resin, IV-48 R-7521, VI-54,55
Diamond, V-i X-12546, XR-43117, 8-28
Diamonite Products Div., U.S. Ceramic Dow Corning Silastics

Tile Co., V-2,3,42-45; P.R.-21 120, 125, 150, 152, 160, 167, 180, WV-54
"Diamonite" B-890, V-2,42 181 and 250, IV-54, 126; 184, 10-51
B-890-2, P.R.-21 6167, IV-55, 126
"Diamonite" P-3142, V-2,43 6181, X4342, IV-55

P-3142-1, P.R.-21 E-1600 140; 8-27
P-3459, V-2, 44 XF6620, IV-55; V-20
P-3530-40, V-3, 45 X6734 and 7181, IV-55
P-3662, P.R.-21 RTV 501, 521, 1602, 5350, S-6538,

Diatomaceous-earth ceramic, IV-6, 101 P.R.-168
Dibutyl sebacate, IV-62 Dow Corning "Styrofoam" FR, 8-26

Dichloronaphthalenes, mixture of the Dow Corning "Sylgard" 182, 184, and

1,2-, 1,4-, and 1,5-isomers, IV-58 DC-92.007, P.R.-168
Dichloropentanes Nos. 14 and 40, IV-63 "Sylgard" 188, 8-27

2,5-Dichlorostyrene, IV-64 Dow C-244, IV-36

DI-CUP, P.R.-196 Dow experimental plastic Q-166, Q-166 +
Duisopropyl biphenyl, V-19 fiberglas, Q-200.5, IV-39

"Dielectene" 100, IV-21 Dow experimental plastic Q-247.1, IV-36
"Dilecto" (hot punching) XXX-P-26, Q-344, 7V-40

IV-19; V-80-81 Q-406, IV-37, 11-
"Dilecto" ("Mecoboard"), IV-18; Q-409, IV-42

V-82, 83 Q-475.5, IV-40"Dulecto" GB-112S, IV-27 Q-764.6 and Q-767.2, IV-37

"Dilecto" GB-112T, IV-31, 32; V-104 Q-817.1, IV-37, 117
"Dilecto" GB-116E and GB-126E, V-14 "Dowtherm" A, P.R.-194
"Dilecto" GB-181E, V-14, 114 Dupont, E.I. de Nemours & Co.
"Dilecto" GB-261S, IV-26; V-93 Electrochemicals Dept., IV-33, 64
"Dilecto" GM-I, V-8, 88 Film Dept., V-9,13,92; 8-28

"Dilecto" GM-PE, V-12, 108 Organic Chemicals Dept. (Elastomers
Dinitrobenzene, VI-77 Div.), IV-53; P.R.-194
Dioctalphalate, 9-38; 10-63 Photo Products Dept., V-13, 109
Dioctyl sebacate, IV-62 Pigments Dept., IV-4

Diphenyl, see biphenyl Plastics Dept., P.R.-169-171, 173, 174;
Dixon Industries, 10-39 8-28-30; 10-37, 43
Dodge Industries, Inc., P.R.-167 Polychemlcals Dept., IV-23,25,27,32,Dodge Industries FLUOROGLAS E 650/2-!200, 34,35,58,113; V-10, 89; VI-58

Doge.du e LTextile Fibers Dept., V-8,10,12,14,110;
P.R.-167 PR-7;B2

Dow Chemical Co., IV-36-42,46,64,117; P.R.-172; 8-28
V-91; P.R.-194 Fluorinated ethers, Organic Chemicals Dept.,

P.R.-194Dow Chemical "Dowtherm" A, P.R.-194 T ORg C a p -
Dew Corning Corp., IV-26, 27, 41, 42, "HVITON", Organic Chemicals Dept., 8-30 l-"H" film, Plastics Dept., P.R.-169-17155, 66, 67, 126; V-9, 20, 94, 95;

55,66,-67, P.-126; 8- 6-20, 90-5; "Kapton", 500 H film, Plastics Dept.,
VI-52-57; P.R.-168; 8-26-28; 10-51 PR-7

SDow Corning fluids P.r.-171200 and 500, IV-66 "Kevlar", 8-46, 10-39-42
550 and 710, IV-67 Nomex honeycombs, Textile Fibers Dept.,

P.R.-172; 8-28,41,42
Dow Coring molding compound 306, "Tedlar4' 8-28P.R.-168 "Teflon" FEP, P.R.-173,174; 8-30

Dow Corning resins
996 and 2101, IV-2 "Teflon" PFA, 8-29. TFE, IV-32; V-24;2103, IV-26, 27 VI-58; P.R.-173,174; 8-29, Plastics Dept.,
2105, V-9, 94 Chestnut Run Lab.,

"2105,ic V-9,0 941
2106, V-9, 95-101; VI-57 Duramic HT-960, 8-1"Durez" 1601, natural, IV-17
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"Durez" 31863, IV-20 Emerson & Cuming
Durez Plastics, Div., Hooker Electro- "Eccofloat", 10-43

chemical Co., IV-17,20 "Eccofoam" FH, P.R.-176
"Dirote" No. 500, IV-17 "Eccofoam" GL, V-8 0
"Durite" No. 221X, IV-19 "Eccofoam" Hil?(500°'),VAI115;1i-43
Durite Plastics, Inc., now the "Eccofoam" HIK (1000 F), V-7

Borden Co., IV-17,19 "Eccofoam" PS, V-10
"Duroid" (1" thick sheet), P.R.-184 Emerson & Cuming "Eccogel" 1265, P.R.-176
"Duroid" 5650, VI-59-61; 10-53 Emerson & Cuming ferrites; 8-6
"Duroid" 5850, VI-62-64 Emerson & Cuming silicone rubber
"'Duroid" 5870. P.R.-185; 10-53 absorbers, 9-37
Dynasil Corp. of America, P.R.-84,96; Emerson & Cuming "Stycast" 2651-40, RQ

8-12; 9-28 8-40
Dynasil 4000 glass, P.R.-84; 8-12; Engineering Research and Dev. Lab., see

9-28 U.S. Army Eng. Res. and Dev. Lab.
Dynasil clip-cast, P.R.-96 Enjay Co., Inc. IV-28,39,50

"Ensolite" ,22240, M22239, 3036, IV-31
East Coast Aeronautics, Inc., V-Il "Epon" Resin RN-48, IV-50
Eastman Kodak Co., IV-15,62; P.R.-67; "Epon" 815, 10-54

8-7,8,11,22,23; 9-36,37; 10-22,23,30 "Epon" 828, V-16,116-125; VI-58-75;
"Ecco" L65, V-lI P.R.-186; 187; 10-54
"Eccofloat", 10-43 "Epon" X-131, V-16; VI-74-76
"Eccofoam" FH, Emerson & Cuming, Epoxy resins, IV-49,50,125; V-14-16,

P.R.-176 114,126; VI-67-76; P.R.-180; 9-32;
"Eccofoam" CL, V-8 10-36,54,62
"Eccofoam" HiK (1000 F), V-7 Epoxy laminates with
"Eccofoam" HiK (500 0 F), V-14, 115 "Dacron", V-14
"Eccofoam" PS, V-10 "Fiberglas", IV-50; V-15,16,22,114,
"Eccogel" 1265, Emerson & Cuming, 124,125; VI-67,72-76; 8-44; 9-35,36

P.R.-176 "Nylon", V-14
"Eccosorb" HFX122, V-13,237 "Orion", V-14
"Eccosorb" HDX123, V-13,238 E Resin, IV-50
"Eccosorb" HF155, HF680, HF953, Esso Laboratories, see Enjay Co., P.R.-195-

HF1000, HF2050, V-13 "Esscolam" V2T, 8-31; VI 8166, 10-43
"Eccosorb" MF1I0, MFl12, MFI14, Esso "Teresso" oil, V-78; P.R.-195

and MFl16, V-15 "Estawax", IV-57
"Eccosorb" MFll7, V-15, 242 Ethers, fluorinated, P.R.-194
Eggwhite. P.R.-202 "Ethocel" LTS, IV-25,115; V-91
"Ekonol"(polyester resin) P.R.-166 "Ethofoam", 10-39
Elastomers, IV-51-55; V-127-12,i Ethyl alcohol, IV-62
Electronic Mechanics, Inc. IV-13,108 Ethyl cellulose, IV-25,115; V-91
Electronic Space Systems Corp., 8-31;10-43 Ethylene Chemical Corp., V-10
Electronized Chemicals Corp., P.R.-175 Ethylene Gylcol, IV-62
Electronized Chemical "Polyguide," Ethylpolychlorobenzene, IV-64

P.R.-175 "Ferramic" A, V-159,191,220
"Elvacet"*42A-900, IV-33 "Ferramic" B, V-160,192,221
"Elvanol" 51A-05, 50A-42, 70A-05, "Ferramic" C, V-161,193,222

72A-05, 72A-51, IV-33 "Ferramic" D), V-162,194,223
Emerson & Cuming, V-7,8,10,11,13-15, "Ferramic" E, V-163,195,224

115,237,238,242; P,R.-175-176; "Ferramic" G, V-164,196,225
9-37,38 "Ferrawdc" H-1, V-4,166,198

Emerson & Cuming A-19 attenuator "Ferramic" H, V-165,197,226
material, P.R.-175 "Ferramic" I, V-167,227

Emerson & Cuming carbon foam "Ferramic" J, V-168,199,228
absorber, 9-38 "Ferramic" K, V-169,229
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"Ferramic" N, V-200 Ford Aerospace, 10-19
"Ferramic" Q (rec'd Dec. 1953), V-170, Formaldehyde resins

230 aniline, IV-21
"Ferramic" Q (rec'd Aug. 1954), V-171, benzoguanamine, IV-23

201, 231 cresol, IV-18, 19, 68, 70
"Ferramic" Q3, VI-32, 33 melamine, IV-21, 22, 112
"Ferramic" Q-3, P.R.-150 phenol, IV-15-19, 109-111;
"Ferramic" R-1, R-4, R-5, R-6, F.R.-150 V-80-87 phenolaniline, IV-20
"Ferramic" MF874, V-172, 202 urea, IV-23
"Ferramic" 1118, V-173, 232 Formica Co., The, IV-17, 20, 21,
"Ferramic" 1326B, V-174, 203 25, 46, 47
"Ferramic"' 1331, V-175, 204, 233 "Formica" FF-41 (sheet, rod stock),
"Ferramic" 3308, P.R.-150 IV-21, 68
"Ferramic" 3310 (experimental), V-176; "Formica" FF-55, IV-21, 69

P.R.-150 "Formica" G7, G6, IV-25
"Ferramic" 3321, P.R.-150 "Formica" Grade MF-66, IV-20, 68
"Ferramic" 3330, P.R.-150 "Formica" XX, LE, IV-17, 68
"Ferrimag" 5, 10-22 "Formica" YN-25, IV-17
Ferrites and garnets, IV-7; V-4, 54, "Formica" Z65, IV-46

133-204, 206-233; VI-28-33; "Formica" Z80, IV-47
P.R.-150; 8-6; 10-22 "Formvar," Type E, IV-34

Ferrite powder and resins, 10-36, 51 "Forticel" No. 28102, IV-25; V-90
"Ferrotron" 119, V-17, 205, 244 "Forticel" JLB-(H), V-9

"Ferrotron" 308, 309, V-18 "Forticel" JMB-(M), V-9
Ferroxcube Corp. of America, V-4 "Fortiflex" A, V-10
"Ferroxcube" 105, V-4 Fortin, 9-35
"Fiberfrax" board, V-6, 78; VI-46, 47 "Fotoceram" (843 GU) and (843 GZ),
"Fiberglas" laminates, IV-16, 18, 22, V-5; VI-40, 41

25-27, 31, 32, 47-50, 68; V-8-11, "Fotoform" B(843 GU), V-5; VI-38,
13, 14, 16, 22, 86-88, 93-95, 98-101, 39
104; VI-56, 57; P.R.-189-190; 9-32, "Fractol" A, IV-66
33, 35, 36, 38, 40, 43 Frenchtown Porcelain Co, IV-6; V-3,

"Fiberglas" see E glass, Owens-Corning 48, 49; P.R.,-21
X994 laminates or resin Frenchtown alumina

Fiber samples, 8-13-18, 28 4462, IV-6; V-3, 48
"Fibestos" 2050TVA C-1686, IV-24 6096, V-3, 48
Films, see trade anmes as Croner, Mylar, 7225, P.R.-21

Kapton, Quantum tape, etc., or 7873, V-3, 4 9
chemical name Fullers catch, Foxboro, P.R.-141

Filtered Resin Products, Inc., IV-56 Furfuraldehyde resin, phenol, IV-19
Fir plywood, P.R.-193 Fused quartz, IV-li, 104; V-72, 73;
Flue, chimney liner:l0-34, 35 P.R.-85-87
Float glass, PPG, 8-20
Flourglas laminate, 9-33 "Gafite" cast polymer, IV-34
Fluorinated ethers, P.R.-194 Gasoline, aviation, 100 and 91 octane,
Fluorcarbon derivative P-IC, P.R.-194 IV-65
FLUORGLAS E 650/2-1200, P.R.-167 General Aniline and Film Corp.,
"Fluorsint" (1960), P.R.-179; (1973), IV-34, 46

8-35 General Cable Corp., IV-52
FM film, black, 9-32 General Ceramics Co., IV-4, 8, 83;

Foam, alkyd diisocyanate, chlorinated, V-3, 4, 54, 55, 159-176, 191-204,
IV-24; epoxy, V-14; polymide, P.R.-178 220-233; VI-32:, 33; P.R.-150, 152,
polystyrene, IV-37; P.R.-188 186, 177
polymethane, P.R.-179,188 General Ceramics ADH-211, V-3
polyurethane, P.R.-179,188;8-45;lO-54 BM3-54, V-4, 55 7292, IV-4, V-55

"Foamglas", IV-11

-72-

-__..



General Ceramics "Ferramics," see Glass, "Spectrosil" A, P.R.-88
"Ferratftics" "Spectrosil" B, P.R.-88

General Electric Co., IV-63-65 "Vitreosil," optical Grade,
Chemical Materials Dept., IV-48 P.R.-88
Electronic Components Div., IV-13, "Vitreosil," commercial grade,
106, 107; P.R.-22-29, 73, 153, 154 P.R.-88
Lamp Div., IV-ll, 104; V-72, 73 Glass ceramic 9606, VI-42, 43;
Plastics Dept., IV-50; 8-32, 33; 10-44 P.R.-149; 10-31-34
Materials Research, 10-19, 22, 23, 24, 29 Glass Lamicold No. 6036, IV-21, 70
Silicone Products Dept., IV-55; P.R.-85- Glass and mica, IV-13, 69, 106-108;
87, 176, 177; 10-44 P.R.-153-155

General Electric fused quartz, Type 101, Glass powder and plastic mixtures,
IV-1, 104; V-72, 73 IV-41, 42

General Electric Isomica 4950, P.R.-153 Glasses, IV-9-12, 101-105; V-5, 6,
General Electric "Lexan," P.R.-177 62-73; VI-35-43; P.R.-82-94;
General Electric F-118, F-202 magnesium 8-20,21; 10-26,27

orthosilicate, P.R.-73 Glastic Corp., IV-47, 49; 9-38
Geneval Electric Mycalex, P.R.-153, 154 "Glastic" GF, MM, MP and A-2, IV-49
General Electric silicone rubber "Glastic" S and MF, IV-47

RTV-ll, P.R.-176 SE900, P.R.-177 "Clastic" G-200, TSF, UTR, 9-38
General Electric silicoqe nitride "Glastron" rope, 8-26

compounds 128, 129, 9-30 "Glastrate" (0-C Fiberglass), 8-42
General Electric uranium oxide powder, Glyco Products Co, IV-56, 59

9-31 "Glyptol" No. 1201 (red), IV-48
General Mills, Inc., IV-23 Goodrich, B.F., Chemical Co., IV-29, 30
Geon 2046, 80365, 80384, IV-29 Goodyear Aircraft Corp., IV-48; V-8, 9,
Germanium mullite, 10-22 84-87, 96-101
Gilsonite, IV-56 Goodyear Tire and Rubber Co., Plastics
Glass, aiakline lead silicate, IV-ll Dept., IV-40, 51, 52
Glass, alkali-silica, IV-12, 105; Grace polyvinyl chlorides, 9-38;

P.R.-93, see also mixed silicate Marco 28C, 10-45
glass and various glass mfgrs. Granite, Quincy, P.R.-138

Glass, aluminum borosilicate, IV-10 Virginia, P.R.-138
aluminum zinc-phosphate, IV-9 Grease, Dow Corning, No. 4, IV-67
barium borosilicate, IV-10 high vacuum, V-20
borosilicate, IV-9, 101 Grease, "KEL-F" No. 40, IV-63

Glass Dynasil 4000, P.R.-84; 8-12 Green Refractories, cements, 8-3
"E," IV-ll Greenstone, Virginia, P.R.-139
General Electric 101, clear, P.R.-85-87 GR-I (butyl rubber) and compound, IV-52
iron-sealing, IV-9, 102 GS-S (Buna S) and compounds, IV-51

Glass, lead-barium, IV-9 Gulf Oil Corp., IV-58; VI-84, 85
lime-alumina-sillcate, IV-9 Gulf 303 Oil, VI-84, 85
low alkali, potash-lithia-borosilicate, Gutta-percha, IV-51
IV-10, 102; V-62, 63 Gypsum board, 8-23
mixed silicate, P.R.-89-94

*i phosphate 2043x, 2279x, IV-9

potash-lead silicate, IV- 9  Hafnium oxide, multicrysalline,
potash-soda barium silicate, IV-9 Zircoa, P.R.-64
silica, IV-10, 103; V-64; P.R.-82-88 Halite, P.R.-135
soda-borosilicate, IV-9, 10 "Halowax" No. 1001, IV-57
soda-lead-borosilicate, IV-10 No. 11-314, IV-58
soda-lime-silicate, IV-9, 11 Oil 1000, IV-64
soda-potash-borosilicate, IV-9 Harbison-Walker cements, 8-3
soda-potash-lead-silicate, IV-9 Hardman, H.V., Co., Inc., IV-49, 51
soda-potash-lithia-borosilicate, IV-10 Harshaw Chemical Co., The, IV-l, 2;K1  soda-silica, IV-lb V-1, 30
soda-silicate, P.R.-93
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Hartwell, N.H. and Sons, Inc., V-10 Iron and plastic mixturna, IV-43, 44;
Hat:co, Hatcol 101, 9-38 V-243
Haveg Industries, Inc., Taunton Div., Iron-manganese oxide and plastic

P.R.-153 mixtures, IV-45
"Havalex" glass-bonded micas; IRTRAN 1, Kodak magnesium fluoride,

Types 1080, 1090, 1101, 2101, 2103, 8-7, 8; 10-22, 23
2801, 2803, P.R.-153 IRTRAN 2, Kodak zinc sulfide, 8-23,

Hawaian soil, P.R.-141, 142 10-30
Hardigg, 10-45 IRTRAN 4, Kodak zinc selenide, 8-22
Haynes Stellite, Div. of Union Carbide IRTRAN 5, Kodak MgO multicrystal,

and Carbon, P.R.-101 P.R.-67; 8-11
Hellerbond, 10-45 IRTRAN 6, Kodak cadmium telluride,
Heptacosafluortributyl, IV-63 8-6
Heptane, IV-62 Irvington tape, V-17
Hercules Powder Co., Inc., IV.*23; Irvington varnish and Insulator Co.,

V-16; P.R.-196; polypropylene, 10-45 V-17
Hercules DI-CUP, dicumly peroxide, Isobutylene-isoprene copolymer, IV-52

P.R.-196 Isocyanate SF-52, 9-39
VUL-CTJP, a, a -bis(t-butyl peroxy) di- Isomica 4950, General Electric,
isopropylbenzene, P.R.-196 P.R.-153

Hercynite, 9-30
Hetron, 10-54
Hexacholorobutadiene, IV-62
Hexamethyllene-adipamide polymer, Jet fuels JP-I, JP-3, IV-65;

IV-23, 113 JP-4, V-19
Hexane, V-19 Johns-Manville, IV-13; P.R.-158
"H"-film, P.R.-169-171
Honeycomb laminates, P.R.-172; Z-41
Hood Rubber Co., IV-22
Hooker Electrochemical Co., IV-62; V-13 Kaiser Pefractories, cement, 8-3
Hooker 32A, V-13 "Kapton," P.R.171
Houghton Labs., Inc., IV-50; V-15, 16, 126 Kearfott alumina, V-3, 46, 47;
Hunson, C.W., V-7 VI-18, 19
"Hycar" or "Cell-tite," IV-52; 10-45 Kearfott Co., Inc., V-3, 46, 47;
Hydrocarbon polymer, cross-linked, IV-50 VI-18, 19
Hydrocarbons, petroleum, IV-65-66; Kearney, James R., Corp., IV-52
12-hydroxystearin, IV-58 "Kel-F" Alkanes 464, 695, V-18

"Hysol" 6000 and 6020, IV-50 8126, 10157, 12188, V-19

6000 HD, V-15, 126 Grade 300 and 300-P25, IV-31, 116 *1

6030-B, V-15 X200, V-10, 102, 103
XL-6060, V-15 Grease No. 40, IV-63
XL-6080, V-16 oil, Grade No. 1 and No. 3, IV-63

"Hy-tuf" laminate Grade GFl81, TV-50 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,

Ice, IV-1; P.R.-l45-147 103, 130, 131
Ignition sealing compound No. 4, IV-67 Kennecott Copper, P.R.-191; 9-31
IL-7001 absorber 10-36 Kerimid,.9-42, 43
Instant coffee, powder, P.R.-202 Kerosene, IV-65
Inrtant tea, powder, P.R.-202 "Kevlar," 8-46; laminites, 10-39, 40
International Pipe & Ceramic, P.R.-30, 72 ropes, 10-40, 41
International Pipe & Ceramic alumina, Knox Porcelain Corp., IV-6, 100

P.R.-30 Kodak Co., see Eastman Kodak Co.
International Pipe & Ceramic steatite,

P.R.-72
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II

Kodak IRTRAN 1, 8-7,8; 10-22,23 Liquids, aliphatic, IV-62, 63;

IRTRAN 2, 8-23 V-18, 19, 130, 131
IRTRAN 4, 8-22 aromatic, IV-63, 64; V-19; VI-78-83;
IRTRAN 5, 8-11 see Table of Contents of the P.R.
IRTRAN 6, 8-6 inorganic, IV-61; V-18

"Koroseal" 5CS-243, IV-30 organic, IV-62-67; V-18, 19, 20;
"Kralastic" BE, BM, D, EBMU, F, IV-53 VI-78-87; see Table of Contents
KRS-5, IV-2, 76 of the P.R.
KRS-6, IV-2, 75 Liquids, petroleum, IV-65, 66; VI-84, 85;
Kuhne-Libby Co., IV-57 P.R.-195

silicone, IV-66, 67; V-20; VI-86, 87
Liquid Nitrogen Proc. Corp. 10-45, 46
Lithium fluorine, IV-1

"Laminae" 4115, IV-46, 120 Lithium-nickel ferrite, V-137, 178
4-205, IV-46, 121 Lithium inobate, 10-22

"Laminae" 4123, 10-36 Litton Industries, P.R.-117
"Laminac" 4232, V-106, 107 "Loalin," IV-36

PDL7-627 and PDL7-650, IV-46, 120 Loctite 10-46
Laminate BD-44 and BK 174, IV-47, 48 Lovell Chemical Co., IV-57, 58; V-16
Laminated Plastics, Inc., see Glastic "Lucalox," General Electric, P.R.-23, 24 4

Corporation Lucent Products Ltd., VI-66
Laminate Grade GI1, 8-36 "Lucidol," P.R.-196
Laminates and impregnated batts, see "Lucite" HC 202, V-10

filler or resin: "Lucite," sintered, IV-34
Asbetos-filled plastics "Lucoflex," IV-30
"Dacron"-filled plastics Lucoflex Plastic Fabricating, Inc.,
Epoxy laminates IV-30
"Fiberglas" laminates "Lumarith" XFA-H4 and 22361, IV-24,
Melamine GMG 25. 70
"Nylon"-filled plastics Lunar rocks, Apollo 11 and 12, P.R.-239
"Orlon"-filled plastics "Lupersol" 101, P.R.-197
Paper laminates "Lupersol" 130, P.R.-196
Phenolic resin plus fillers "Lustrex" loaded glass mat, IV-41
Polyester resin plus fillers
Polystyrene plus fillers
Silicone resin plus fillers

Lancaster Glass Co., P.R.-89-92 3-M Company, IV-63; V-16, 17, 22; VI-67;
Lancaster mixed silicate glasses, P.R.-178

7352, 7357, L1957, L9100, P.R.-89-92 "3-M" board, P.R.-178
Lanthanum aluminate, single crystal, 3-M "Scotchcast" 221, P.R.-178 j

National Lead, P.R.-65 Magnesia
Lava, V-21, 75 Kodak IRTRAN 5, P.R.-67; 8-11
Lead bromide, single crystal, MIT, MIT, LIR, P.R.-68, 69

Crystal Phys. Lab., P.R.-66 Minneapolis Honeywell, P.R.-70, 71
Lead chloride, P.R.-66 Magnesite, P.R.-135
Lead chloride/lead bromide, P.R.-66 Magnesium aluminate (spinel), single
Leather, sole, IV-60 crystal, Union Carbide, P.R.-66
Lebanon Steel, 10-34 hot-pressed, Coors, 8-12
"Lexan", General Electric, F.R.-177; Magnesium-aluminum-silicate

10-46 (cordierite), multicrystalline,
Limestone, P.R.-139 Raytheon, P.R.-67; 10-19-21
Limonite, P.R.-135 Magnesium carbonate, pressed powder,
Linde Air Products Co., The, P.R.-67

IV-l, 2, 72, 77; V-l, 26-28; Magnesium ferrite (MIT samples), V-138,
VI-2, 6; P.R.-2, 3, 62 179, 207

SLiner, chimney flu(, 10-34, 35 Magnesium fluoride, IRTRAN 1, 8-7,8;
10-22,23
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Magnesium-manganese ferrite (MIT Laboratory for Insulation Research,
samples), V-139, 140, 180, 181, 208 IV-i, 2, 5, 11, 12, 26, 37, 41-46,

Magnesfum-manganese-zinc ferrite (MIT 62, 64, 105; V-i, 133-136, 138, 139,
samples), V-141, 182 142-158, 177, 179, 180, 183-190,

Magnesium mangAnite, V-4, 54 206-216, 239, 240, 243; P.R.-44, 61,
Magnesium metasilicate, steatite fired 63, 69, 93, 102, 110-114, 115, 116;

to clinoensteatite, multicrystalline, 10-34, 35, 62, 63
Bell Telephone Labs. F-66, P.R.-72 Lincoln Laboratory, V-140, 141, 176,
Intern. Pipe & Ceramic TC503, P.R.-72 178, 181, 182; VI-30, 31; 10-22, 48

Magnesium orthosilicate, multicryst., Materials Science Department, 9-30;
General Electric F-118, P.R.-73 10-47
F-200, P.R.-73 Mechanical Engineering Department,

Magnesium orthosilicate, Steatit-Magnesia 9-39, 40; 10-46-49, 51, 52
A.G. Frequenta M, P.R.-74 Metallurgy Department, P.R.-60;

Magnesium oxide, IV-l; V-29; P.R.-67-71; 8-8, 9, 10
8-11 National Magnet Laboratory (now
Norton, single crystal, IV-l; V-29; Francis Bitter National Magnet
P.R.-68 Laboratory), P.R.-192
Single crystals, Univ. of Colorado Research Laboratory for Electronics,
and MIT, 8-8, 9, 10 9-30

Magnesium silicate, IV-3, 78-B2; VI-34 Matheson, 9-2f
Magnesium titanate and plastic mixture, Mathieson Chemical Corp., see Olin

IIV-43 Mathieson
Magnetite and plastic mixtures, IV-44, 45 Mathieson Plastic CY-8 and CQ-1ODM,
Mallinckrodt Chemical Works, IV-44, IV-41

45, 61, 62 MacDonnell Douglas, 9-25, 27, 28
Manganese fluoride, single crystal, Meat, IV-60; P.R.-199

Columbia Univ., P.R.-75 "Mecoboard," IV-18; V-82-83
Manganese-magnesium ferrite (MIT Melamine-formaldehyde resins,

samples), V-139,140,180,181,208 IV-21, 22, 112; V-8, 88
Manganese-magnesium-zinc ferrite (1i1T Melamine GMG, IV-21, 70

samples), V-141, 182 "Melmac" 7278 + "EE" glass, IV-22
Marble S-303, IV-13 "Melmac" molding compound 1500,
Marbon, Chemical Div. of Borg-Warner 1502, IV-22, 112

Corp., IV-38 "Melmac; resin 592, IV-21
"Marbon" S Buna S hardboard, IV-52 "Meliac" Type 1077 (Ivory WB 48),
"Marbon" S (Code 7206), S-1 (Code 7253), IV-21

8000 and 9200, IV-38 Merck Chemical, Sulfur, 10-30
Marco Chemicals, Inc., now Celanese Mercury compounds, hot-pressed

Corp. of America, IV-47 mercurous chloride, P.R.-76
Marco Resin, "MR"-21C, "MR"-23C, and mercuric iodide, P.R.-76

"MR"-25C, IV-47; 28C, 10-45 mercuric sulfide, P.R.-76
"Marcol," iV-65 "Merlon", 10-46, 47
Marinite, P.R.-193 Meta-dinitrobenzene, VI-77
Markite Co., V-22, 235, 236 Methacrylate resins, IV-34,35; 10-51,52
"Markite" 3985, V-22, 235 "Methocel," IV-25
"Markite" 12812, V-22, 236 Methyl alcohol, IV-62
"Marlex" 50, V.-10 Methyl cellulose, IV-25
Martin Co., The, VI-57 Methylstyrene polymer, VI-65
Mass. loams, P.R.-143 Methylstyrene-styrene copolymer, IV-39
Massacha'zhusetts Institute of Technology, Mica, Canadian, IV-13

Bio-Medical Dept., 8-33 Mica, glass-bonded, IV-13, 69, 106-108;
Cryogenic Engineering Lab., V-18 P.R.-153-155
Crystal Physics Lab., P.R.-38, 39,
59, 63, 66, 77, 78, 103-105, 106, 107,
109
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Mica, ruby, IV-13 Naphthalene, IV-15; 10-47

Mica and gla-s, IV-13, 69, 106-108; Nahthalane, chioro-, IV-64
V-7, 79 Warmco Rewins and Coatings Co., V-8

Hi.ca-filled plastics, IV-16, 17, 18, 20; Nat'.,nal Baryllia "Carberlox," P.R.-80

V-7 Natione'. Beryllia Corp., P.R.-31,41,

"Micaramic," V-7 80; 8-4; 9-25,26

"Micarta" No. 254, IV -18 National Beryllia high-purity BeP,

"Micarta" No. 259, IV-22, 68 P.R.-4I
"Micarta" No. 299, IV-19, 68 National Carbon Co., 1:,c., V-18;
"Micarta" No. 496, IV-18, 68, 70 VT-48-Z1; P.R.-4,50,51,54-57,66,
Mica Insulator Co., IV-21 101, 189: now Div. of Union Carbide
"Millimar," IV-56 and Carbon

"Mindel", 10-55, 59, 60 National Lead, P.R.-65
Minneapolis-Honeyvell Regulator Co.. National Lead LaA103 single crystal,

P.R.-31, 70, 71 P.R.-65
Minneapolis-Honeywell magnesium oxide, National Research Corp., V-3

ceramic, P.R.-70, 71 N4.ugatuck Chemical, Div. of U.S.
Minnesota Mining and Mfg. Co., now Aubber Co., IV-47,53

3-M CO., IV-63; V-16, 17, 22; VI-67; Naugatuck Laminating Resin MP and
P.R.-178 MT, IV-47

Minnesota Mining and Mfg. EC-612, V-17 Neoprene GN and compound, IV-53
Minol A, 9-41 Neptunite, P.R.-129
"Hissileon," V-17 Niox polyol, 9-39
Mitsui, 10-48 "Niberlox". 5, 20, 100, 8-4; 9-25,26
Mitchell-Rand Insulation Co., Inc., Nickel ferrite (XIT samples), V-133-

IV-57-59 135,142,143,183,209
Mob.•y 10-46, 47, 48, 49 Nickel-lithium ferrite (MIT samples),
Molding compounds, XM-3, IV-20 V-137,178

301, V-9.94; P.R.-168 Nickel oxide, single crystal, r.R.-49
"Moly-Sulfide," VI-45 Nickel-zinc ferrite (•IT samples),
Monoisopropyl biphenyl, V-19 V-144-157,184-190,210-216
Monsanto Chemical Co., IV-15,18,20,22:' Nitrobenzene, IV-64

24,30,36,37,41-45,63,64; V-11,19; N:trobenzene, meta-di, VI-77
VI-78-83; P.R.-178; 8-34 Nitrogen, &as, V-20

Monsanto L-600 polymer, 8-34 Nitrogen, liquid, V-18
Monsanto 0S-45, OS-59, and OS-82, V-19 Nitrous oxide gas, V-20
Monsanto polyimide foam, P.R.-178 "Nomex" honeycomba, P.R.-172; 8-41
"Moplen" 004 polypi-pylene, 8-35 "Nomex" felt, 8-.42
Morse, Herbert B., and Co., V-16,17 Nopco Chemical Corp., P.R.-170
Morse 200, V-16 Nopcp Chemical polyurethane foam,

280, 300, 400, 6060-C, and 6062, V-17 P.R.-179
Mullet oil, P.R.-197" Norplex, 10-49
Mullite, V-3; hot-pressed, 8-2 1orth American Aviation Co.,

Mullite, germanium 10-22; silicon 10-29 P.R.-42,43,100
Multiform glasa, Corning, P.R.-96 North American Aviation silicon
Muscovite, XV-13 nitrfde, pyrolytic, P.R.-l00S•Mycalex Corp. of America, IV,-13; V-7.79; North American Aviation trans- •

K P.R.-153-155; 9-31 lucent BeO, P.R.-42,43
"I"Mycalex" 400, IV-13,69 Norton Co., IV-1,6; V-3,29,49;

""ycalex" 410, 500, 555, 560, 620, P..R.-31,68
P.R.-153-155 Norton 99.5% A12 03 , P.R.-31

"Mycalex' 1100, 9-31 Norton 7X, V-3,49
"Hycalex" 2821, IV-13,106.107 Norton 17Z, V-3
"@Mykroy" Grade 8 and 38, IV-13,108 Norton MgO single crystal, P.R.-68
"'Mylar" A, V-13 "Noryl" GFN3, SE-I, SE-1-802,
"#iflar" corragated, 10-43 8-32,33; N300, 3N300, H1N240, 1.0-44
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Novamont Corp., 8-35 Phenclic resin with asbestos,
"Nylon" 66 and 610, IV-23; 10-37 V-8,84,85
"Nylon" FH 10, 001, IV-23,113; V-89 with "Dacron," V-8
"Nylon"-filled plastics, IV-17; with "Fiberglas," V-9,86,87

V-8,12,14,82,83 with "Nylon," V-8
with "Orlon," V-8

Oil, HB-40, IV-63 Phenolic spheres, V-12
Oils, petroleum, IV-65,66; V-19; VI-84,85;I0-62 Phenolics, IV-15-20,109-I11;
Ol1n Mathieson Chemical Corp., IV-41; V-20 V-8,80-87
"Opalwax," IV-58 Philco-Ford Co. (Ford Aerospace),
"Orlon"-filled plastics, V-8,10,12,14 P.R.-97,98; 8-5,14-18; 9-29,40;
Owens Corning CR-262, 57M, EA63, EA73, 10-19

X600, V-6 Philco Ford boron nitride yarn and
Owens-Corning Fiberglas Corp., IV-1l,16, maLrix, 8-5; 10-19

22,47,48; V-6,8,13; P.R.-93 Philco Ford silica fiber composites
Owens-Illinois Glass Co., P.R.-93 l-XB-0-M, P.R.-98 AS-3DX-176-17,
Owens-Illinois EE9, EEIO, mixed silicate P.R.-98; 9-29 AS-3DX, 8-14-18l

glass, P.R.-93 Philips Chemical Co., V-10
"Ozokerite," IV-58 Philips Petroleum Co,, V-19; 9-40

"Phoresin," IV-48
Panalyte, Grade 140 and 776, IV-17,22 Phosphate glasses, IV-9; P.R.-77
Paper, Kraft, V-18 Picatinny Arsenal, see U.S. War

Royalgrey, IV-60 Department
Paper laminates, IV-17,19,21023,46; V-80 "Piccolastic" Dh-125, 1V-39
Paraffin, natural, IV-58 "Piceopale," Resin, IV-50
Paraffin wax 1320 ASTH and 1350 AMP, IV-58 Pine board,. P.R,-193
"Paraplex" P13, IV-48,122 Pipe inaAlzitionr 10-34
"Paraplex" P43, IV-48; V-12,1il Pipestone, V-7
"Parowax," IV-58 Pittsburgh Corning Corp., IV-l1;
Particle boards, U.S. Plywood & Evans V-13,19

Products, P.R.-193 Pittsburgh Plate Glass Co.,Pavement, see concrete or asphalt P.R.-94; 8-20,21
"Pelron" 9420, 9422, 9423, and 0424, V-1l Plaskon Div., IV-22,23,47,49,123;
Pennsylvania Industrial Chemical Corp., V-112,113

IV-39,50 "Plaskon" 911, IV-47
"Pennvern ." glass, 8-20 "Plaskon" Alkyd 411, 420, 422, 440,
Pennwalt Corp., P.R.-196 440A and 442, IV-49
Pennwalt "Lucidol," t-butyl perbenzoate, "Plaskon" Alkyd Special, Electrical

P.R.-196 Granular, IV-49,123; V-112,113
Pennwalt "Lupersol" 130, 2,5-dimethyl- "Plaskon" melamine, IV-22

2,5-di(t-butylperoxy) hexyne-3, "Plaskon" urea, natural and brown,
P.R.-196 IV-23

"Penton," V-16 "Plasticell," IV-31
"Perfluorodihexyl" ether, IV-63 Plastic Metals, Div. of National
"Permafil." 3256, IV-50 U.S. Radiator Corp., IV-43,44
Permag, 10-22 Plastics, Raytheon, P.R.-180
"Permo" potting compound, No.49 and No. 51, "Plast-Iron" and plastic mixtures,

S No. 51, IV-49,51 IV-43,44
Petroleum oils, IV-65,66; VI-84,85; Plate glass, P.R.-94

P.R.-195 Flax Corp., IV-35
Phenoi-aniline-formaldehyde resins, IV-20 "Plexiglass," IV-34
Phenol-formaldehyde resins, IV-15-19, "Plicene" Cement, IV-36

109-111 "Pliobond" M-190-C, IV-52
Phenol-furfurdehyde resin, IV-19 "Pliolite" and "Pliolite" GR, IV-51
Phenolic, expanded, IV-19 "Pliol!te" S5, S3, S6B and S6, IV-40Phenolic paper laminate JH-1410, 1'r-18
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Plywood, birch, P.R.-193 Polyimide film, 9734
fir, P.R.-193 Polyimide foam, P.R.-178

Polaroid Corp., IV-35, 37, 40; V-ll Polyimide laminate, 8-25; 10-38, 60
Polaroid Resin C, IV-40 Polyiron attenuator, P.R.-167
"Polectron" No. 24, IV-46 Polyisobutylene, Run 5047-2, IV-28
"Policap," V-16 Polyisobutylene B-100 + Marbon B, IV-28
"Polinel," IV-58 Polyisobutylmethacrylate, IV-35
Polyacetal, 10-51 Polymer Corp., of Pennsylvania, V-17, 18,
Polyaryl, 9-34 205, 244; VI-66; P.R.-179 J

Polyamide resins, IV-23, 113; V-8, 12, 14, Polymethyl methcrylate, IV-34, 70; V-10;
82, 83, 89; 10-37 10-51, 52

Polybutadiene, 8-44, 46 Polymethyl pentene, 10-48
Polybutene, IV-59 Polyolefin, 10-60
Polybutylene, 10-54 "Pelypenco" Q-200, 5; VI-66
Polybutylene terephthalate, 10-50 Polyphenylene sulfide, 9-40
Polybutyl methacrylate, IV-35 Polyphenylsufone 10-45, 50, 56, 57, 58
Polyearbonate, 10-44, 45, 46, 47 Polyphenylquinoxaline, 8-47

Poly-2-chlorobutadiene-1,3, IV-53 Polypropylene, Av1sun Corp., P.R.-162,

Polychlorostyrenes, IV-41,42 P.R.-162, 163
Polychlorotrifluoroethylene, IV-31,58,63, Polypropylene, Novamont Corp., 8-35

116; V-10,102,103 Polypropylene, Phillips, 10-51
Polycyclohexyl methacrylate, IV-35 Polypropylene, chlorinated, 9-40Pol'cy. lostyrene, V-Il Polypropylene, laminated 10-48

Polydiallyl phthalate, IV-48; 8-43 Polysiloxane resin, IV-26, 27; V-9;
VI-52-57Poly-2,5-dichlorostyrene, IV-40,42,70 Polystyrene, IV-25-37,117

Poly-2,5-d5chlorostyrene + fillers, Polystyrene, cast in vacuo and castIV-42-45; V-243in a r IV 3
Poly-3,4-dichlorostyrene, IV-42 in air, IV-37
Polyesters, IV-46-48,120-123; V-l1,12, cross-linked, IV-39,40,i19; V-I,

13,106-111; 8-33,45; 9-34 105; VI-66; P.R.-181-182.; 8-32

Polyester resin with "Dacron," V-12,110 hydrogenated, IV-46•-methylstyrene, IV-37 ,117
Polyester resin with "Fiberglas," Polystyrene + chlorinated diphenyl,

IV-47,48; V-12,13,22,106,107,108 IV-37

Polyester resin with aluminum and Polystyrene fibers Q-107, IV-37
carbon, 8-33

Polyester resin with "Nylon," V-12 Polystyrene + fillers, IV-41;

Polyester resin with "Orlon," V-12 V-10,239,240

SPolyester resin with phenolic spheres, Polystyrene foam, P.R.-188

V-12 Polystyrene foam Q-103, IV.37
Polysulfone, P.R.-189; 9-40Polyether, chlorinated, 8 -16 Pclytetrafluoroethylene, IV-31-33,70;

Polyether sulfonate, 8-47 V-10,104; VI-58-64; P.R.-166,
SPolyethylene, IV-27, 28, 70; V-l0; P.R.-183 173,174
Polyethylene, DE-3401, IV-27 Polytetrafluoroethylene tape, P.R.-166
Polyethylene (effect of milling), IV-28 "Polythene" A-3305, IV-27,70
Polyethylene and additives, 10-45
Polyethylene, cross linked; 10-51 Polytrifluoro~tyrene, V-11
Polyethylene, irradiated, P.R.-161; 10-43 Polyurethane, 10-48, 49, 52
Polyethyl methacrylate, zv-35 Polyurethan foams, Nopco, P.R.-179PlehlmtarltI-5RcoSer, 10,5

Polyphenylen oxide, 10-44 Richo-Sperry 10-54Sippican, P.R.-188
"Polyglas" DM, IV-42 Upjohn, 8-45; 10-62
"Polylas"+ Polyurethane rope, 8-26 ',

!I "Polyslas" P , IV-41 Polyurethane sealant P/N 596927, 8-39

Polyvinyl acetate, IV-34"Polyguide," P.R.-175 Polyvinyl acetate, IV-33
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Polyvinyl alcohol-acetates, IV-33 Quartz, fused, IV-iI,104; V-6,72,73;

Polyvinyl butyral, IV-34 P.R.-85-88

Poly-N-vinylcarbazole, IV-46 Quartz crystal, natural, P.R.-80,81

Polyvinyl chloride 1006, 1018, Quartz fiber, AS-3DX-lR, Philco-

1216, 1406, W-174, W-175, and Ford, P.R.-97; see also silicon

W-176, IV-30 dioxide fibers

Polyvinyl chloride -acetate, IV-28-31 Quartz sand, powder, P.R.-135

Polyvinyl chloride-acetate + "Qunorgo" No. 3000, IV-13

plasticizer, IV-28,29 "Quinterra," IV-13

Polyvinyl chlorides, IV-28-31; V-10;
9-33,38 Radar tape, Quantum, Inc.,.P.R.-180

Polyvinylcyclohexane, XV-46 "Radel", 10-56, 57, 58

Polyvinyl formal, IV-34 . Radome fabrics 10-46

Polyvinylideae & vinyl chlorides, IV-31 Raybestos-Manhattan, Inc., V-8, 9

Polyvinylidene fluoride, AVCO, "Rayceram" QNP 2102, 10-21

P.R.-161 -Raytheon Mfg. Co., V-3; P.R.-32, 52

P.-IV-46 53, 67, 100, 139, 158, 180; 8-18,
Poly-c-vinylnaphthalene, IV-4621; 10-21,32
Poly-2,-vinylpyridine, IV-46 Raytheon Al 0 , multicrystal, P.R.-32
Polyvinyl resins, IV-27-46 boron niiride, pyrolytic, P.R.-52,53
Polyvinyltoluene, IV-37,117 magnesium-aluminum silicate
Poly-p-xylylene, 'IV.37 (cordierite ceramic), P.R.-67;
Porcelain No. 4462, IV-6
Porcelains, IV-6,94-100; V-2,3,5, s 0-2i P.R.-100;

21405961silicon nitride, ceramic, P..1021,40, 59-61 8-21
Porous Ceramic AF-497, IV-6,101 Raytheon 402B, V-3

oro,-is ceramics, see low-density RCA, 9-40
eal'mina, silica, silicates

Potassium bromide, IV-l; 9-27 "Resimene" 803-A, I--22

chloride, V-1 Resin (polyester), EKONOL, P.R.-166

dihydrogen phosphate, IV-1,73 Resinous Ptoducts Div., see Rohm and

Potato chips, P.R.-199 Haas Co.

Potatoes, raw, P.R.-199 "Resinox" 7934, IV-20

Potato starch, granular and gela "Resinox" 10231, IV-18,109

gelatinized, P.R.-200,201 "ResinoX•" 10900, IV-18,1i0
PPO 10-44 Resias, natural, IV-55.,56
"Primol"-D, IV-66 Rex, Corp., IV-40; V-11,105

Printed circuit boards, 10-39, 49, 60, Rex, William Brand, Div. of American

61 Enka (now Brand-Rex Co.),
S~p.R.-181-183

Proctor and Gamble Co, IV-60 P .R.-183
n-Propyl alcohol, IV-62 "Rexolene" ., P.R.-183

"Prystal," IV-17 "Rexolite" 1422, IV-40; V-105;

"Pryr&lin," IV-25 P.R.181S•"Rexolite" t 2101, V-li
"Pryranol" 1467, 1476, and 1478, "Rexolite" 2200, P.V-182

IV-63, 64
"Pyrex," IV-l0 Rezolin, Inc., IV-19

"Pryroceram" 9606, VI-42; P.R.-149; 10-31, Rhyolite, P.R-140
32 Richo, 10-52

"Pyroceram" 960q, 10-3.3 iston, 10-43
Il"Pyrocerax" 960Z, 10-34 Robertson, H. H., Co., IV-48, 123;
"e 1�-V-12, 19
"Pyrotex," V-8 "Rocketon," V-l?

Rocks, see Tables of Contents of
S • tb• P.R.

Quafttum, Inc., P.R.-180 RoesCopVI5q4 P.R.-8,15

Quantum Radar tape, P.R.-180 Roes10-53I5-6;P..14,15
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Rogers Corp. "Duroid" (1" thick sheet), Sclair 10-43
P.R.-184 #5870 (1966), P.R.-185; "Scotchcasto 221, P.R,-178
#5650, #5870, 10-53 "Scotchply" Type 1001, V-16

Rogers Paper Mfg. Co., IV-60 "Scotchply" Type 1002, V-22; VI-67Rohm and Haas Co., IV-30,34,48,62, "Scotchply" TM.-107, V-22 V
122; V-12,111; 10-51,52 "Scotch" tape No. 39, V-17Ropes, plastic, 8-26; 10-40,41 Sealing Wax, Red Express, IV-58"Royalite" 149-11, M21982-1 and Sealing compound, V-17; 8-39
1M22190, IV-53 "Selectron" 5003 + glass, IV-47

RTV-1I, P.R.-i76, RTV-501, P.R.-168; "Selectron" 5084 monomer, V-19
8-36-39; RTV-521, -1602, -5350, "Selectron" 5084. resin, V-13
S-6538, P.R.-178; RTV, 8-42 Selenium, amorphous, IV-13
RTV 60, 630, 10-44 Selenium, multicrystalline, tV-I

Lubber, butyl (GR-l), IV-52 Service boards, John Manville's,
Rubber, cellular, IV-51 P.R.-158
Rubber, cyclized, IV-51,52 Sharples Chemicals Div., Fenn. Salt A
Rubber, GR-S (Buna S) and compounds, MEg. Co., IV.-63

IV-52 Shawinigan Products Corp., IV-34
Rubber, Hevea and compounds, IV-51 Sheet glass, P.R.-94
Rubber, natural, IV-51 Shellac, natural Zinfo, pure C garrn-i and
Rubber, nitrile, IV-53 garnet dewaxed, IV-56
Rubber, silicone, IV-54,55,126; Shell Chemical Corp., IV-50; V-16,116-125;

V-127-129; P.R.-177 VI-69-76; P.R.-186,!87; 10-54
Rubber Reoerve Corp.,.IV-51,52 Shell Chemical "Epon" 828 + PMDA epoxies,
Rubidium manganese fluoride, P.R.-I86,187

single crystal, MIT, Crystal Shell Development Co., IV-46-48
Physics Lab., P.R.-49 Shell Oil Co., IV-56,66

"Rulon" I1, 10-39 Si~lons, 10-23, 24
Rutgers University, School of Silastics 120, 125, 150, 152, 1.60, 167,

Ceramics, V-4 180, IV-54
Rutgers' wallastonite E16, V-4 181 IV-54,126
Rutile, IV-2, 4, 77 184, 10-51
"Rytron" R4, 9-40 250, IV-54, 126

6167, IV-55, 126
S-40 and 5-60 resins, IV-39 6181, X434, IV-55
St. Regis Paper Co., Panelyte Division, X16734, IV-55

IV-17,22 7181, IV-55
Salts, granulated and fine flakes, RTV-501, -521, -1602, -5350,

Raytheon, P.R.-158 S-6538, P.R.-168 { .,

Sand and resin mixtures, see epoxyg Silica, IV-ll,103; V-70,71; P.R.-83,84;
silicone, etc. " 8-12; 9-28; 10-24,25

Sands Silica, slip-cast, Brunswick, P.R.-95
desert, P.R.-143 •P.R.-95
i Holliston, P.R.-144 Dynasil, P.R.-96MIT, Res. Lab.. Electronics 9-30 .Harbison-Walker A0-25 9;
... e. . ab. Eectonics 30Silica fiber composites, P.R.-98, 99;New Jersey #2, 10-35 8-13-18; 9-29; .10-26 ' .i'quartz, P.R.-135 Silicate glasses, IV-9, 11, 101, 102;
Slatteravville, P,.R.l140 V-5, 62-69; VI-35-43; P.R.-89-94;
mole, Il.oV-1 8-19-21; 9-29; 10-26"-Sandstone, a9mond, P.R.-140 Silicon, single crystal, intrinsic," Sappire9, I-72;V-15 8 -- cubic, MIT, Crystal Physics Lab.,Sapphire, IV-72; V-1,16-28; VI-2-6; p~p.4-8 ~P.R.-2-4; 9-24; 10-18 Silicon, single crystal, undoped,

"Baran." B-3-5, .V-31 Brown University. P.R.-78
Sauereosen Cements Co., V-7 r n st P•
Sauerqiseu Cemnent No V-



Silicon carbide, multicrystalline, Silicon mullite, ceramic, G.E., 10-29
Carborundum, P.R.-79; Silicone nitride, ceramic
Vesurius Cruicible, 10-27 Admiralty Labs., P.R.-100

Silnaorb ., "Ba tional AWML, 8-22 28
P.R.-80 eadn,10-27,,

Silicon carbide and glass, ITT, 10-27 G.E. 128-2, 129-1, 9-30; CVD 10-29
Silicon dioxide, fused, IV-11,103; Raytheon, P.R.-100; 8-21V-70,71; P.R.-82-88; 10-24,25 Union Carbide & Carbon, P.R.-101
Silicon dioxide, natural quartz Silicon nitride & boron nitride fibers

mineral, Fort Monmouth, P.R.-80,81 Avco, 10-29
Silicon dioxide, sintered, Brunswick Silicon nitride + beryllium oxide, 8-4

glip-cast, P.R.695 Silicon nitride, pyrolytic, P.R.-100
Brunswick slip-cast with 2.5% Silicon nitride alloy, V-6,79

Cr203, P.R.-95 Silicone alloys C-1147 and C-1328, V-9
Corning Code 7941, P.R.-96 Silicone fluids
Corning multiform glass, P.R.-96 DC XF-6620, V-20
Silica slip-cast, Dynasil, P.R.-96 SF96-40, IV-67; VI-86,87
Silica slip-cast, Herbison-Walker 10-25 SF96-100 and 5F96-1000, IV-67

Silicon dioxide fibers DC200 and DC500, IV-66
Silica fiber compualte, General DC550 and DC7I0, IV-67
Electric 418-2, 10-26 Silicone glass laminates, IV-26,27;
Quartz fiber sample, Philco-Ford, V-9,93-95,100,101; VI-56,57
AS-3D1.-lR, P.R.-97 Silicone grease, V-20
Silica fiber composites, Philco-Ford Silicone lamirnate DC2105, V-9,94
1-XB-0-M, P.R.-98 Silicone laninate DC2106, V-9,95
AS-3DX, P.R.-98; 8-14-18; 9-29 Silicone laminates, 8-33

Silica fiber composites, Silicone molding compound M!•-3, IV-26
Whittaker Corp., P.R.-99; 8-13, Silicone resin DC301, V-9,94
9-42-44 Silicone resin DC996 and DC 2101, MV-26

Silica fiber, silicone coated, Silicone resins, IV-25-27; V-9;
Raytheon Co., 8-18 VI-52-57; 8-28

Silicon dioxide glasses Silicone resins with asbestos, V-9,96,97
"Amersil" (clear, translucent), Silicone resins with "Fiberglas," V-9,
P.R. -82 93-95,98-101; VI-56,57
Corning 7940, P.R.-83; 10-24, 25 Silicone rubber SE-450, IV-55; V-127
Dynasil 4000, P.R.-84; 9-28 SE-555, IV-55
G.E. 101, clear, P.R.-85-87 SE900, P.R.-177
"Spectrosil" A, P.R.-88 SE-977, IV-55; V-129
"Spectrosil" B, P.R.-88 RTV-11, P.R.-176
"Vitreosil," optical grade, P.R.-88 Silicone rubbers, IV-54,55,126; V-127-129;
"Vitreosil,"comaercial grade, P.R.-88 P.R.-176-177; 9-37

Silicon dioxide, mixed silicate glasses, Silicone varnish, IV-26; V-18
see also Glass , Silver iodide, pressed powder, HIT, Lab.• , • Corning 9754, 10-26 n.Rs ..- 0
Corning Lab. N~o. ll9BUC. P.R.-89 Ins Res., P.R.-102SCorning Lab. Code 1923C, P.R.-89 Sintered silicon dioxide, P.R.-95,96
Corning Lab. Code 1723, P.R.-89 "Sintox," V-3
Lancaster 7352, 7357, L1957, L9100; Sippicin Corp., The, P.L-158,188,192; 8-4

P.r.8992 Sippican polystyrene foam, P.R.-188
Owens-Cornings 04, P.R.-93 Sippican polyurethane foam, P.R.-188
0werw-Itlinois EE9 and EE0,q P.R.93 Sippican service boards, P.R.-158
"Vervitl, 10-27 'Snow, IV-l
Pittsburgh Plate Glass Co., Plate Soap, IV-60
Glass, P.R.-.94 Socony Mobil Oil Co., Inc., IV-57,58

Formerly Socony-Vacuus Oil Co., Inc.
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Soda silicate glass, MIT, Lab. Ins. "Styraloy" 22, IV-38
Res., P.R.-93 "Styramic" No. 18, IV-37

Sodlum chloride, IV-2; P.R.-103 "Styramic" HT, IV-42,43
Sodium chloride, aqueous solutions, Styrene copolymers, crosslinked, IV-39,

IV-61 40,119; V-11,105
"Solithane" No. 1; 9-40 Styrene copolymers, linear, IV-38,39,
Southern Alkali Corp., IV-48 118,119
"Spectrosil" A, P.R.-88 Styrene dimer, IV-64"Spectrosil" B, P.R.-88 Styrene U-100, dry and saturated with
Sperry Gyroscope Co., V-18 water, IV-64
Spinel, P.R.-66; 8-12 Styrene-acrylonltrile copolymer, TV-38,
Spodumene, P.R.-130-132 53,118
Sponge Rubber Products Co., IV-19, "Styrofoam" 103.7, IV-37

31,52 "Styron" C-176, 411-A, 475, 666 and
Sprague Electric Co., IV-39 671, IV-36
Spruce Pine Mica Co., V-7 Suet, IV-60
"S'tafoam", 10-54 Sulfur, crystalline, IV-2
Stanco Distributors, Inc., IV-65,66 sublimed, IV-2; pressed, liquid, 10-30
Standard Oil Co. of N.J., IV-58 "Supramica" 500; V-7,79
Standard Oil Development Co., see 1100, 9-31

Enjay Co., Inc. "Sylgard" 182, 184, D92.007, P.P.-168
Steak, beef, IV-60; P.R.-199 188, 8-27
Steatite bodies, IV-3,4,78-87; Syncor Products Co., V-6

V-4,55-57; VI-34; P.R.-72-74 Synthetic basalt, P.R.-139
Steatite Body 7292, IV-4,83
Steatite Type 303, 400, 410, and "Tam Ticon" B, BS,C, MC, and S, IV-4,5,43

452, IV-3,84-87 "Tam Ticon" T-S, T-L, and T-M, IV-4
Steatit-Nagnesia A.G., P.R.-32,74 Tantalum oxide, ceramic, Ciba powder,
Steatit-Magnesia A-18, P.R.-32-33 fired at Lab. Ins. Res., MIT, P.R.-I08
Steatit-Magnesia Frequenta M, P.R.-74 Taylor Fibre Co., IV-18,27,111
Sterling Varnish Co., The, V-18 Taylor Grade GGG, IV-18,11i
Sterling H50 varnish on paper, V-18 Grade GSC and GSS, IV-27
Strontium fluoride, single crystal, Tea, powder, P.R.-202

MIT, Crystal Physics Lab., P.R.-1 TKD Indudustries 10-36
P.R.-106,107 "Tedlar," 8-28

Strontium titanate, IV-5 "Teflon,'! IV-31-33,70; V-24,104; VI-58-64;
Strontium titanate and plastic P.R.-173-174

mixtures, IV-43 "Teflon" 9033, P.R.-174
Stupakoff Ceramic and Mfg. Co., "Teflon" FEP (1963), P.R.-173

IV-6,101; V-3,4,50,51 "Teflon" TFE (1964), P.R.-173
Div. of the Carborundum Co. "Teflon" TEF-7 (1964), P.R.-173

SLupakoff 1510, V-3,51 "Teflon" TFE-6C (1964), P.R.-173
1540, V-3,50 "Teflon" T-100, P.R.-174S1542E, V-3 "Teflon" 10OX, P.R.-1741542E, V-3,50 "Teflon" TFE 7A, 8-29

1550, V-4,5•0 PFA TE9704, 8-29
"Stycast" HiK, LoK and TPH-3, V-Il TFE FEPIO0, 8-30
"Stycast" 2651-40RQ, 8-40 "Teflon" + calcium fluoride, IV-32; V-10
"Stypol" 16B resin, IV-46,123; V-l10 "Teflon"-Coated membrane, 9-32
"Stypol" 16C resin, IV-48 "Teflon" fiberglas laminates
"Stypol" 16D resin, IV-48. V-12 GB-112T; IV-31,32; V-104: P.R.-164! Avco K96, 10-38

FLUORGLAS E, P.R.-184,i85
"Duroids", VI-62-64; P.R.-184,185; 10-53
Custom, 9-36
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"Teflon"-fused quartz laminate, 9-40 Transtech 105, 10-22

"reftel," 9-40 , 10-43 Trichlorobenzenes, mixture of iso-
Tellite Corporation, P.R.-188 meric, IV-64
Tellite 3A, P.R.-188;' R(P , 10-55 Trichloronaphthalenes, mixture of
"Tenite" I 008A H2 , H4 , i, , S, and isomeric, IV-64

and S4j, IV-24 a-Trinitrotoluene and compunds,
Tennessee Eastman Corp., IV-24 IV-15; 9-41, 42
Tennessee 11arble, Inc., IV-13 "Tritonal," 9-41, 42
Teresso V-78, P.R.-195
Terphenyl, meta-, nona-, ortho-, and

para-, IV-15 "Udell' P-1700, 1720, 8000,
Terphenyls, chloritiated, IV-64 10-58, 59, 60, 61
Tetrachloroethylene, IV-62 UDP 333 Liquid, P.R.-197-
Tetra alkyd silicate taster, V-19 "Ultron" Wire Compound UL300, UL!004,
Texas Instruments, infrared and UL24001, IV-.30

windows TI20, TI-1173, 8-43 Union'Carbide & Carbon Corp., V-18;
"Texid' 3550, 10-48, 49.' P.R.-4,50,51,54-57,66,101,180,181;
Thallium bromide, IV-2,75 9-24,26,27,42; 10-19,55-61
Thallium bromide-chloride, IV-2,75; Union Carbide boron nitride,

P.R.-109 hot-pressed, Grade HD0056, HD0086,Thallium-bromide-iodide, IV-2,76; HD0092, HD0093, HD0094, 11BN, HBR,P.R.-109 P.R.-54-57
Thallium chloride, V-1; P.R.-109 HBC, 9-26,27; 10-19
'ihallium fluoride pressed powder, cold-pressed, P.R.-57

P.R.-109 pyrolytically deposited,
Thallium iodide, IV-2,74; P.R.-109 "Boralloy," P.R.-50,51
Thermal American Fused Quartz Co., pyrolytic laminate, P.R.-54

P.R..-88 Union Carbide ragnesium aluminate
Thermoplastic Composition 1766 EX (spinel), P.R.-66

and 3738, IV-58 Union Carbide, polysulfone, P.1.-I89;
3767A, IV-59 10-55,58-61; polyphenylsulfcae,

Thiokol Chemical Corv... IV-54; 9-:4.0 10-56-58
"Thiokol" Type FA, PRI, and ST, IV-54 Union Carbide sapphire, P.R.-4; 9-24

:Thorium oxide, ceramic, Zircoa, Union Carbide potassium bromide, 9-27P.R.-1I0,112 Union Carbide silicon nitride,
MIT, Lab. Ins. Res., P.R.-113,114 ceramic, P.P.-IOl

.Thymol,9-36,37 Union Carbide R-63 Varnish, V-18
Tlle, chimney flue liner, 10-34, 35 Upjohn, 8-43-45
Ti Pure R-200, IV-4 Urea-formaldehyde resins, IV-23
Titanate ceramics, IV-5,6 U.S. Army Engineering Research ahd
Titania and titanium bodies, iv-4-6, D. Lab., Fort Belvoir, Va.,

38-93 IV-2,74-76; .VI-77
Titanium Alloy Hfg. Div., National U.S. Army Res. and Dev. Labs., VortLead Co., IV-4,5,42,43 Monmouth, N.J., P.R.-80,81
Titanium dioxide, rutile, IV-2,4,77 U.S. Bureau of Fisheries,

4 Titanium dioxide ceramics, IV-4,5 mullet oil, P.R.-197
Titanium dioxide + plastic mixtures, U.S. Ceramic Tile Co., see Diamonite

IV-33 , 42 ' ramic Til.

Tobe Deutschmann, VI-78-83 Products Div.
Toluena sulfonamides, mixtures of U.S. Gasket Co., IV-32,33

ortho- and paraisomers, -. Industrial Chemical Co., IV-62
Topaz PU.S. National Bureau of Standards,
Topaz, P.R.-133,134P.R.-20
"Torlon" 2000, 4000, 4103, 4203, U.S. Peroxygen Division, Argus Chemical

i9-32,33 Corp., P.R.-197
Tourmaline, P.R.-134 U.S. Peroxygen USP 333 Liq-id, P.R.-19j"Transil" Oil 1C, .V-65 - U.S. Polymeric Chemicals, Inc, V-9
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U.S. Rubber Co, IV-31, 40, 52, 53, 56 Western Cold & Platinum Works,
U.S. Sonics, P.R.-75 V-4, 52; P.R.-36, 37; 10-18
U.S. Sonics magnesium titanate, Western Gold & Platinum aluminum oxide,

multicrystal, P.R.-75 AL-300, AL-300 (modified), AL-400,
U.S. Stoneware Co., V-21,'5l; VI-20.21; AL-500 (multicrst.), AL-995,

A1203, A-212, A-216, A-312, 610, AL-1009, P.R '.-36, 37
Std. 3050PF, P.R.-34,35 Westinghouse Electric Corp., Research

U.S. War Department, Picatinny Arsenal, Labs., IV-18, 19, 22
IV-15; 9-41,42 Whittaker Corp., P.R.-99, 8-13, 45-47;

Uranium oxide powder, 9-31. 9-42-44
Urethane, see polyurethane Whittaker silica fiber composites,

P.R.-99; 9-42-44
Vanandium. oxide, pressed powder, Witco Chemical Co., 8-47

P.R.-114 Wollastonite, V-4, 58
Varnished glass cloth, V-l8 Wood, IV-59; P.R.-193
Varnished linen tape, V-17 Wood, birch plywood, Sippican' P.R.-193

Vrihed paper, V-l8 fir plywood, Sippicn P..-193
"Vaseline," IV-65 Mirinite board, Sippican, P.R.1193
"Vibron" 140 end 1,41, IV-40
Victor Chemical Works, IV-48
Vinyl film, 9-33 Ytterbim ferrite, VI-28-31
"Vinylite" QYNA, VG-5544 and VG-5901, Yttrium oxide, ceramic, Zircoa,

IV-28 P.R.-116
"Vinylite" VG-5904, VYHH, VYNS, and Yttrium oxide, single crystal, MIT,

VYNW, IV-29 Lab. Ins. Res., P.R.-115
"Vinylite" VU-1900, IV-29, 70
2 Vinylpyridine-styrene copolymer, Zinc ferrite (MIT samples), V-158

IV-46 Zinc-magnesium-manganese ferrite
"Vistawax," IV-59 (MIT samples), V-141, 182
"Viton," 8-30 Zinc-nickel ferrite (MIT samples),
"Vitreosil," coimmercial grade, V-144-157

P.R.-88 Zinc oxide, single crystal, Airton
"Vitreosil," optical grade, Div., Litton Industries, P.R.-117

P.R.-88 -Zinc selenide, 8-22
VUL-CP, P.-196Zinc sulfide, 8-23; 10-30

Wallace & Tienan, Inc., P.R.-197 Zinaser, Win. and Co., IV-55, 56
Wallace & Tiernan "Lupersol" 101, "Zircar"s, 10-30

2, 5-dimethyl -2, 5-di(t-butyl- Zircoa ceramics:
* Iperoxy"hexane, P.R.-197 "C," P.R.-118

War Dept., Picatinny Arsenal, see Thorium oxide, P.R.-ll0-112
U.S. War Department Y-790, P.R.-64

Water, conductivity, IV-61 Y-904, P.R.-119
Wax 3760, IV-59 Y-1362, P.R.-120, 121
Wax Compound P-590 and No. 1340, "Zircolite," ceramic, P.R.-122

IV-59 Zircon, P.R.-123-125
Wax S-1167 and S-1184, IV-59 Zirconia,

SWaxes, IV-56-59; V-16, 17 Zircoa "C," Y-904, Y-1362, P.R.-118-121
Water - acid mixtures, 10-63 "Zircolite," P.R.-122
Weber, Hermann, and Co., IV-51 Zirconium oxide ceramics, see Zirconia
"Wesgo" AL-300, V-4, 52 Zirconium silicate (zircon),
"Wesgo" AL-1009, V-4 ceramic, IV-6, 94, 95; V-5, 59-61
"Wesgo" 4078, 10-18 mingle crystal, P.R.-123-125

"Zitex," P.R.-106
Zophar Mills, Inc., IV-59
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