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Final Report

The work reported herein concerns research carried on under Contract
F33615-71-C-1274 betwcen February 1, 1971 and June 30, 1973. This document
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MATERIALS MEASURED

(February 1, 1974 to July 1, 1974)

Material Source Manufacturer
Noryl SE-1 Alford General Electric
Borosilicate coating Rockwell '

Organic Foam
RTV "
Nomex felt
Honeycomb
Foam
Viton G.E. Dupont
Shale rocks Raytheon

Polyurathane "
sealant P/N 596927

Kevlar reinforced Whittakex
polybutadiene
(Firestone PH502)

Astroquartz reinforced
polybutadiene (3164-11)
(Fireatone P¥ 502)

Polyphenylquinoxaline
(PRQ 401) resinm

Cyanurate ester resin
(XSR-10500)
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4, Interim Report, August 1, 1973 -~ listing only
S. Interim Report, February 1, 1974 - listing oniy

A technical report covering data obtaired since april 1972 and an updated

index to all data will be issued on the succeeding coutract,

EQUIPMENT DEVELOPMENT
Low~Frequency Precision Bridge

Work has continued intermittently on the low-frequency (0.5 Hz -
1 kHz) bridge described in our Report AFML-TR-71-66 ou a previous contract.

B The capacitance network is complete and the bridge has been used with a

temporary G network for manual operation. The useful frequency range is
1/8 Hz to 10 kHz with typlcal laboratory samples. The capacitance volt-

age selector switch has double contacts connected by a S~ohm resistor and

staggered in rotation, so the transformer is never open circuited oz
shorted. TFor the G network, not yet completed, each transformer tap con-
nects to two reed awitches operated by a dar magnet which turns on a second
adjacent switch before turning off the £irst, A total of 1000 reed switches
are used and thair lack of uniformity was a major problem. At present all

units have been tested and are ready for assembly.

Samnle Holders for Wide-Range Bridge

Tvo sample holders were added to this bridge covering the frequency
range 1 Hz to 20 MHz. Both are for samples with dismetars to 2 inches with
A S thicknegses to 1/2 inch. The first sllows wessurement in a vacvum from

. -190 to +200°C. The second allows samplas to be measured in equilibrium with

woist alr (or other atwosphere) circulated through the sample holder. To-
gether they are useful for studying the effect of special atmosphere on the
electrical properties of surfaces and intergrain boundaries in sintered

materials.

Signal Sources

During the last 3-1/2 years the laboratory has acquired, on ancther
contract, two signal geunerators with leveled outputs and with frequancy

stability and accuracy of 1 ppm. The instruments are listed below:




Rockland Model 5100 programmable synthesizer, .001 Hz to 2 MHz, 2 volts
into 50 ohms.

Hewlett-Packard Model 8640B signal generator, 5C0 kHz to 512 MHz,
1 volt into 30 ohms.

During this contract period an osecillator-multiplier combination
capable of simultaneously providing 1 watt at 300 MHz and 200 wW at 900 MHz
was constructed.

The 8640B replaces two older sources described in Tech, Rep. 36, July
1950, pp. 35-37. These were used for our susceptance variation circuit,
The 8640B also replaces General Radio Unit Oscillators and previous*
oscillator multiplier combinations for feeding our standing-wave equipment
in the range 150 to 1000 MHz.

PROGRAMMING

1. Temperature Runs on Standing-Wave Equipment

We have recently combined miany correction terms used in temperature ruans,
especially oun plastics, into the final program. A review of the messurameut
procedure will indicate the parameters involved.

The empty holder is calibrated for node shift and change in node width
with temperature. The chauge in longth of a coax holder is fdentical with
node shift; for hollow waveguilde a separate measurement wit' depth gauge is
made. In the temperature vange reported here tha node shift of empty holder
is livear; iun line 31 of Program 1 in tha Appendex the correctien is wade
in sample node (with raversal of sign) instead of atir node, Thae sawmple
length is determined by combining the change ia depth gauge readings (DDO-
DD) with the known thermal change in length of the helder (line 32 of the
program). For TE modes cutoff wavelength and guide wavelength vary with
temperature (lines 39 and 40). The changa in loss of the air-filled gection
of holder appears in line 43, Finslly corrections are made for sample fit
using separately detormined valucs of sample diameters (lines 181-185 or 210)
and for wall losses in the gample f4lled scction which is also temperatura
dependent (lines 188 or 192).

2. Radome Analysies for Perpendicular Incidence

The nomenclature for this analysis is given in Fig. 1. Wave propagation

'Y
See, for example, M.S. Thesis of S. I. Kramer, Elec. Eng. Department, MIT,
1946, and ecarly progress reports of this laboratory.




B9 B8 B7 B6 BS B4 B3 B2 Bl

E9 E8 E7 E6 ES5 E4 E3 E2 El

Fig. 1. Nomenclature for multiple-layer radcme.

is from left to right. From the mathematics developed by Kennellyl) and
reitarated by Rartig,z) the field strength at boundary 1 is defined as

1 + 30 and serves as the reference fileld. The impedance at this boundary
is that of free space 20.

At boundary 2

E2 = El simh (v\T) + py,)/sinh py), Q)

where 31 “ tanh"l (20/201). 1In more general terms:

- ' 2
ZB(n+l) Zn tﬂﬂh(YnTn + an), {2)
w tanh‘l(zn 1z 3)
Ba a’ Ta’?
and
“ g - . 4
'B(n+l) E, sinh(YnTn + pnn)/sinh Py (4)

2
The power level at each boundary is E

B ¥ G, where G is the xeal part of the

admittance Y = }/ZB,

In the Program (2) given in the Appendix, [u- LC LOOP 1U computes the
propagation functicn snd intrinsic impedance for cach layer frow the given
values of dielectric constant (K1) and loss (TAN). Lines 36 through 41
define initial conditions. The relation

tanh (A + 34B) = C + iD, (5

vith C aud D given by THRB, is solved for A and B through lines to 64. The
values are further refined in the DO 400 LOOP from an initial precision of

1. A, E, Kennelly,Chart Atlas of Conplex Ryperbolic and Cireular Functions,
Harvard University Press, Cambridge, MNass. 1924, pp. 28-33.

2. H. E. Hartig, Charts for Transmission Line Problems, Physics 1, No. 6,
December 1931, pp. 380-337.
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10 ~ to 10 °°., Then with PEn known, ZB(n+l) can be calculated (line 114),

as well as voltage ratios (line 120), and power levels (line 124). This
procedure is repeated for each layer (DO LOOP 13)., TFinally the magnitude
of the impedance of the last boundary is used to calculate the standing=-
wave ratio and input reflection loss (lines 143-146), and an equivalent
single-layer dielectric is defined (lines 148-152). It is obvious that a8
single-layer dielectric cannot necessarily have the same phase shift and
attenuation of the composite and at the same time match in input impedance.
A few examples of a single-layer radome are given to i1llustrate how

the equivalent dielectric differs from the real as a function of thickness.

Five-Layer Analvsis

Layer No. Material Thicknesa
{inches)
Boro-Silicate coating . 0209
2 Alupina foam (Reussble Surface 2.0000
Insulation) RSI
3 Nomex felt with RTV coating both sides .1435
(Strain Insulation Pad), SIP
4 Reinforced polyimide sandwich with
phenolic honeycomb cell (Carrier panel) .5350
3 Moisture avoidance pad, MAP, flexible foam .1260

Nine-Laycr Analysis

1 Boro-Silicate coating .0209
2 RSI 2.0

3 RTV , 0197
4 Nomex felt mat L1040
3 RTV L9197
6 Hloneycomb skin, fiberglass laminate .0260
7 Honeycomb core L4830
8 Honcycomb skin, fiberglass laminate 0260
9 MAP foam .1260




Wi s

ATy MY .t
eIy

AT e e

PPN,

3. Open-Circuit and Short-Circuit Measurements

In measuring a completely unknown material, it is common practice to
make measurements with sample against the short and a quarter-wavelength
away. We normally calculate the results of both measurements independently.
The last program of the Appendix uses the value of propagation function
obtained in the first weasurement as the initial value in the iteration

costs and data typing.
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PROGRAM 1. SAMPLE AGAINST SHORT, TEMPERATURE RUN WITH INCORPORATED
THERMAL CORRECTIONS

 FORTRAN IV G1 RELEASE 2.0

a0l INTERERXG ToJsKyNyNX
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0013 3;‘;) Fi“)‘?AT(ZYoF'I~‘0y2X.F7‘-nl)..F7a-’4gl)l,Ff.Q.IY‘FT.wv1)\of‘7.‘u3XF9.bv
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TC4=V.g€299999999999999990~04;TC5- .112JJ30UQU“COOUQCZD 079A5—
- o&00ILIDIVICICOLLID~I3,A6= 0
C}= « 3745300000 00009200 wC2=  1.003800000uU000V003 1 TCO=
2 1942956665G96G955860-04
SEND
NS DS CyCORR, “FC B Kl K2 TAN S
5.3289 o229 2.544C 1,BGE5 £€.¢SEL  3.0516 ce 514468 CeCUaT4] St
5.3132 Ge (286 2.5443 11,8860 7,262 3.,(6¢E3 J.0175CY Qe LCBTSS
- 543041 0.0316 2.544u 1.884F T.0422 3.0742 ve ulB9ES LeU0]l6Y
"5.3110 0.,0348 2,5491 1.87106 7..217 3.24%51 JeG21141 L0645 PR
5.3191 Je (343 516 1., €8{C2 1T.01l4 33,0280 JeJ21l123 UeCubS Tt
5.3437 0.0309 2.5516 1.84¢5 €36 2,5G42 Je {16633 Celuhénd
5.3428 J. 0265 2.5444 1. 8886 £,57(7 33,0308 JeulblBl LeLISS5T.
L1114 \
U.9999990+00 -0.6845020-08
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PROGRAM 2. MULTILAYER RAOOME ANALYSIS
FORTRAN IV Gl RELEASE 2.0

INTEGER®*L TodoJJsKeNogKCUNT

REAL*8 T, TALALP 4BET,K2,PIT3,ONE UL . FAKE{2), ..ByCyDyAB,AN,RBLAR4BR,
2ERRORLyWEsBOLDyERCLD ¢ ACL T ¢ TAA,TARCENARC, AB Yok 1o TAN,L DMy STIL D,
7STEP(22’/ 1.50—2’1020'..2'l.D~20700-3'SQD—'3}2.0‘-3'100-3’SQD"'“QZDD‘-«'
81eD=495.0~512:D0=541eD=5¢95.D~-692.D0-641a0=641.D=T791D0~-8,1.D-9,
G1eD=10¢1eD=1191e0=12/4F {2}/ ay=10s/ aPsDOByEV2Z,SILLY(2)4FUN(21,
H6RyRRyFRyGRyTHETA,TGH2AyTG2B,B24AAA, ZETAM, VSWRyREFL yKEFF DA, TANEF

COMPLEX®16 ZCNEyZCONEALPCBETCyCAMHMAKIC, K20 KC o205 Zy THRB4RB,
2THyZBy SHGRRy SHGK1 ¢ SHGRySHGT 4E.EV4.YB,ZETA

DIMENSION DAYEC19/+ALP(10)+BEY(10)GAMMACLICY Z110)4P{1D},DBS{10T
2AR{10} 4BRI10}4RBIIN} 4 TH{10),E(L10),ZB(L0)syK1{1I)+TAN(1O)}T(10}

EQUIVALENCE (FAKE(L) s THRB) o {STLLY[L1),EV) 4 (FUN{L},YB)

NAMEL IST/ZIN/KL ¢ TAN,; ToNyWL/0UT/GAMMA,Z,2B/0UT1/A4BsERRDORL,C,
2D/0UT3/CoD/DUT2/RB o TH : 235 SHGRR ¢y SHGRI ySHGRySHGT y Ay B2 E, THRBy THETR,
3ERROR1 :

200 FORMAT(1X,1944}

201 FORMAT(iH0420% LSH4;

202 FORMAT (1M 923Xy IHRLAYSR NOW 24Xy vHKL 46X, 9HTAN DELTA, 11X,
212HTHICKNESS ¢V 2 2 ¢ 2 IHACCUMALAVIVE LOSSeDBy2Xy LAHLAYER LDSS+0B
32Xy 16HPHASE SHIFT,;DEG)

300 FORMATIZBX: " 242X4FGa532XeF2 1.7 42XsFBul o LOXaFLLaT 96Xy FL1.T,49%X,F8.3)

302 FORMAY(25%..1 - NPUT VSWR=,1X.FO.644Xy2DHREFLECTICON LOSS, 0B8=,1X,
2F8,5})

303 FORMAT(25X 41 2HEFFECTIVE K=31XeF9,6 43X 2\HEFFECTIVE TAN OGELTA =,
2IXyF10. T

77 READ{S,200,END=88) LATE

WRITE(6,201) CATE

READ{S,IN}

PIT=3,141552653600

P1I2=6.28231853C7200

PII¥=PIT2/WL

ONE=1.00

IONE=(1.C0,0.D0}

LO0ONE={0.NC,1.00})

10=3717.00%0NE

NG 10 J=1.MN

TA=DSQRT{CAE+ TAN{ J)*%x2)

ALP( Q) eP T 3aDSCRYIKLLJ) RS, D=1 {TA-CNEVI®T(J)

BET{J)ePTI2%0SCRY (KL (J)#S.0=-1* (TACCRE) )=T (J)

ALPC=7CNERALR ()

RETC=JCCNE®RET (J)

GCAMMA( J)=ALlPCRAFTC

K2=K1{J)YeTAN{J}

K2C=7CUNE®K?

K1C=K1{J)*Z0ONE

KC=K1C+K2C

It =2C/COSARTKC)

19 CONTINUE

SUN:O-CO

E{L¥=2CNE

PLLI=CNEZDTTLO0

1(N+Y =20

8(11=70
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0641 THRB=10/1(1)

0na?2 WRITE(6,202)

0063 DO 13 J=14N

0044 C=FAKE(1)

0945 D=FAKE(2)

0046 R=DSQRT(C*x*24D%%2)

0047 [F(R .GT. CNE) GO TO 33
0048 FR=2 DO*R/ (CNE+R*%2)

0049 GR=2 ,DO*R/ (CNE=-R%%2)

0050 THETA=DATAN(D/C)

0051 TGH2A=FR*OCCSI{THETA)

0052 TG28=GR*DSIN(THETA)

0053 GO TO 34

0056 33 RR=ONE/R

0055 FR=2.DC*RR/(ONE+RR*%2)
0056 GR=—-2,CO0%RRP/({CNE-RR¥%2)
0057 THETA=CATAMD/C)

0058 TGH2A=FR®DCOS(THETA)

00%9 TG28=GR¥DSIN{THETA)

0060 34 B2=DATVAN(TG28)

0061 IFIR .GY. CONE) B2aP{1+B2
0062 B=sDTAN{Q.5CO%R2)

0063 AAA=C. 25D00%DLOG((ONETOH2A) Z{ONE=TGH2A))
0064 AaDVANH(ARD)

0965 50 AB={ONE+ (A%R) %%

0066 ADC= (A% {(CNEIR®®RD ) /ARG o9
0067 ABDNn (RR{ONE=-A*RZ )/ AR=()wn2
0058 ERRORL=DSQRYT L ARCSABD)

0069 DO 400 K=1,22

0070 SOLD=STEP(K)

o071 DO 600 Ji=1,2

0072 420 WESONESSTEF(KI®F{JJ)

0073 T KOUNT=Q

0074 401 KOUNT=KOUNTe]

Q075 425 BOLD=B

0076 ) -EROLD=ERRORL

¢o77 G=BRWE

0078 AB=ONE {A¥ )R

0079 ABC={A®{(ONE+R®®2) ZAR-C )&%
€080 ABD= (B® (ONE-A%22) 7 AB-C)ww?
0081 ERRORL=DSCQRT(ARC ¢ABD)

0082 IFIERRORL LLELERCLD) GO TC 401
0083 B=ROLD

0084 ERROR =EROLD

085S STEP{K)=SOLD

0086 600 CONTINUE

087 NG 706 JJd=1,2

0088 §2) YEONSISTEE(N)IF{JI I

o0n9 KQUNT=Q

0090 %02 KOUNT=XCUNT+Y

0091 428 A0LD=A

00o2 EROLD=ERRORY

2093 Az AWWE




0094
0093
(N
0097
0098

0099 -

0100
0101}
0102
N103
0104
0105
01096
0107
0108
0109
0llu
0111
o112
0113
014
0115
0116
0117
01is8
0119
Ql20
0121
Q122
0123
0L24
012%
0i26
o127
128
0129
0130
0151
0132
0133
0134
0135
Ql3s
Ccl13?
o138
01139
0140
01}
J142
0141
Ul4e
0145
0146
D147
0148
0149
0150
0141
G152
0153
G154

700

400
0

12

13

88
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AB=NNZ+(A%B)**2 :
ABC={AX{ONE+B*%2 ), AB-L)*%2
AoD=(Bx(CNE—A*%2 )/ AB=C)%*2
ERRORYI=USCRY(ABC+ARD)
IF{ERROR]L LLELERCLD) GO TO 402
A=AQLD '

ERRORI=ERCLD

STEPK}=SOLD

CONTINLE

TF{ERROR1+LE-1eD-12) GC TO 450
CONTINUE
EREJI=0.50C%DLOG((L+A}/(L-A))

BR{J)=DATAN(B)

RBCJ)=ZCNE®*AR(J)*ZO00ONE®BR(J)

AA=ALP{J) +AR( )

BB=BET(J)+BR{J) \

TAa=DTANK L AA}

TAB=DTAN(BRB)

DEN’GNE*(T&A*TAB’**Z oy diy
THLJ)= ZONE*(TAA*(GNE+TAB®%2 ) /DEN) ¢ ZOONE* ( TABX (ONE-TAAX®:2)/DEN) R
IBLJ+L)I=Z(JI*THLI) .
THRA=ZB(o+1 )}/ 7 (J21y e
SHGRR=2C _#{DSINH{AA)%CCOS{BB))
SHGRI=.OONE®(DCCSHIAL)XDSIN(BB))
SHOR=ZONE*{OSINHIAR{ J))%DCOSIBRIJI )Y
SHGI=ZOCNE* (DCCSHEARTJVIRDSIN(BR(J) )Y

E{J*Ll*sE . JIN(SHOGRR$SHCHRIV/ {SHGR+SHGI! -
Ye=2CNE/ZZBL J+ 1) -
EV=E{J+1}
EV2=STLLY (L) »«24STLLY (Z2)%%2
PLJU+L ) =FV2HFRUNLL )
THETR=DATAN(SILLYL2)/SILLT7(L))
IFISitLY(2) JLY. £.00 JANDW. SILUY(L) JGTe (D0} THETR=THETR-PI{2 -
TE(STLLYL2) LT, 0.00 JAND, STLLY({1l} «LTe CeNO) THETR=THETR&PI] A
[RFESTLLY(2) o6Te CoDD JAAND: SELLYUL) LY, 0.D0) THETR=THETRP]]
SUM=T [ J) «SUNM

X=22,D0¥SLIM/ ke

IFLX «GT. Q) GO TQ 12

GO T0 114

Q=Q¢0NE

IF(X «6T. §) GC YO 12

Q=0=-0ONE .
THETD=67.,29S5T7SSNU THEYRe Q¥ 180, ud~-340,00%SUA/WL

[F{THETD 3T, 180.00) THETO=THETD-180,00
DAS(JI=10.D0DLOGCLOIP{IeLV/E{dS,

DB=1C.DOCDLOGLO(P I+ )/ P (1Y)

WRITELGcI00) JyKLCJ) ¢ TANIJY T (J)OB,DBS(JU),THETD

CONTINUE

FETA=E2R{NSL)I=2CI/Z7 (2B (NOL)+2D)

TETAM=CCARS(ZETA)

VSWR= {CRE+2CTAN) / (CNE-ZETAY)

REFL=10.D0*"RLCGID{ONE/(SHE-ZET AME2) )

WRITE(£4302) VSWRWKREFL

KEFF= {WLRTHETD/ (360.CO¥SUM) ¢ONE YR ?

DA=R,6860C 38, ¢1DCHSUMADSIQTIKEFZ) /7{DR®WL)

TANEF=NSQRT (2,CO/CA%¥2 4T MNE,; DAk,

WRITE(6¢3031 KEEF, 1 ANEF

60 YO 17

CAtL EXIY

END

e
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PROGRAM 3. OPEN-CIRCUIT AND SHORT-CIRCUIT MEASUREMENTS
FORTRAN IV G1 RELEASE 2.0

INTECER*4 T, 4K4MyNX
REAL®8 K33V XSy AN, SNy LW,OXyOSyDAyXyA,ByA2,B82,214RE,7141M,
280ULD, ZL&4I0C, ZL4RTD Yy ERRCRLER LDy ACLD jATMyRE TAAZZLLISEZWZILLIMyWE,
OKAPPAKAPPAC L1 ,4L24L3,R,TAND,TANDC,D2,0,03, .
3COSINESFCyweZMy YLy TAHA,TANR,PII,PII2,7R0O,LNE,STEP{22)/1,.,5D=2,
41,20~-2, ' '
410%21703-39500‘39203"'31100-3' 5.0“('2.0‘4'100“413.0—3'2.0-5,
5100‘59
55 -C“é RZOD“ﬁrloD‘(‘y 1.9"711-0‘8' lnD“Q,I.D‘IOQIQD‘llulnf)‘lZ/yNDBy
6F{2)/14009=1.0D0G/SCLD yRAZTANNAGyBGyCl,4C2
CCMPLEX®216 21922423125+ 2Z uyZ11,4,212,2Z13,214Ry2141,24,
221442 12NEW s 212RELZ121M42125G GoyHe 215,228, 20NE, ZUGNE
REAL*B8 SILLY{(2),FAKE(2)
EQUIVALENCE (SILLY(L1),y211),{FAKE(L1},215)
DIMENSTICN DS(20) 9 SNE3C}2D(30),02{30) 903130} 4 NI30U)LATE(LS),
2AG(34),BG6(12))
NAMELIST/IN/DS oSNy N NXyDy02¢D3/CONSTIDAL AN, FCyiglWy
2TANW,C1,C2
200 FURNAT(IX,s1G4A4)
200 FURMAT(1HW,20X%X,194A4)
220 FORMAT(LHC ) BX42FDS s 8 X 2SNy 56X LMD TX 4 2HD2+ TX 4 2HD 3y 6X ¢ LHN)
230 FCORMAT{2X s FB G ) LXeF34412XFTa0 02X F5.4 42Xy FH5,2X,12)
103 FURMAT(LAD ¢ SR p2NS 30Ky 2HDS 10X e INB 1 EX 3 2HKL 9 IX e 2HK2 p9X 3 IHT AN,
218X y3HZ 11 28%,3K214/7/7)
3G FORMATUZX  FTe0s2X 3R T et s LXaFT 30 lXaFT,043XeFF,693X1F9.693XE1346,
22X EL3 46, 2 X E 13 b9 24, 81348)
TT READ(S 200 ,ENC=288) CATE
WRITE(6,201) DATE
REAC(5, 1IN}
READ({S,CCNST)
WRITEL6,220)
WEITE(G4230) (CSTE o SNLT) oD LT oD2C134D3 (1) eNTT)sl=lNK)
WRITE(6,CONST)
WRITE(6410C)
LUNE=(L,00,0.00)
ZOONE={(C,.00,1.LC)
PIT=31416.C~4
Pl1I2=62332.C-4
ZRO=0.0C
CNE=1.00
03 10 I=1,0X
FRISN({T)LEC,AN) GO TD 10
XE==D{I el W
Kiztw/(PLI2D(1))
Y=PT12%(XE~AN*SALI}) /LW
OX=0St1)-DA
IF{DX.LELZRD) GC 7O Ly
CASINE=CCOS(CII*OXR/L A xm2
X=DSINIPII*DX/ZLW}/DSQART{2.05-CLSINE)
YI=CTAN(Y}
I1=2CCNErY]
L2R=TCUNE*X
22=220-11
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0c4l 13=20NE-22A=7Y

Q042 19=172/13

€043 J10=7CCNE®(-K3)

0044 211=71C*25S

0045 ZLIRE=SILLY(D)

Ud46 Z11 IM=SILLY(2)

0047 IM=DSQRT{ZLLRE®*2+711IM*%2)

0048 IFIN(T) JEGs 1) GC TO 141}

0045 [FIN{TY LGE. 2) GC TQ 142 .

0054 141 IF(ZM, LE.2NELANDLZILIRELGELZRI) GO TO 150
0051 IF{ZM LE,CANEJANCJZ1IRELLTLZRIY GO TA 151
(952 [F(2MGT.ONELANCLZLIRELGELZRI) GC TC 152
0053 [F(ZMLGTANELANC L, Z1IRELLT L ZRI) GO T2 153
0654 142 IF{Z"4.LE.CNE.ANCL211RE.GELZRT) GO YO 170
0055 IF(ZM.LE.CNEJANNGZLILIRELLTLZRI) GO TI 171
0056 TFUZMaGT L CNEWANDLZIIRELCGELZRI)Y GO TO 172
QusT IF{ZMGT.ONELANDZLIRELLTL2ZRG) GC 10 173
0058 150 B=0ONE

cQs59 A=42,D=-1+#Dx/LW

0069V GC TO 169

0361 151 B=22.0-1 -

Qub2 A=2,0C%DX/ LW

(0613 GO YC 169

Quba 152 8=(CNE

gges A=6H DD/

066 GG TC 160

Qu6T 153 8=19.D-1

0068 A=DX/ LN

D069 GO TQ 160

CO7¢  17C NDB=N{T)

GCT1 Be (ND9~CNE)*PI1+7854.C-4

Qur2 A=4 D JIEDX/LNW

Qo173 GO TO 160

0074 171 NDA=N(I1)

007s B=NDQWPL1-2E54,C~4

0uTs Asé (CQ¥OX /LW

GgoT? GO TC L6

Q078 172 ND8=NI(T)

Q079 =(2,C0JeND8-1.0L)*15708.,0-4-2,0~-1/K0D8
0080 A=DX/LMW

gval 63 O 160

0082 175 NDB8=M{I)

gJ83 Bz={2,0J¥ND8=-1.DCI¥LS7(T,0-4+2,0~1/N0B
L)B% A=DX/7LW

JO85 16U TAHA=CTARH(A)

gl TANB=NTAN(A)

0287 A2=TAHAS(CACeTANQ»N2 )/ { INEeTAHARK2ATANAR®D)
©yss BZ=TANIF(CANE=TANBEx2 ) 7 {TANC+T AHAY R 23T ANB w2
€089 2L4RE = {AA2¢R"RZ)/{AR 2¢Ren2)

Qu90 L1QIM2(AH2-Ex22)/(Axs 2422

Qu9l ERAPOR L eDSIRTI(214RE~ZLIREIY <2 (21 GiM-TLLIV) =2}
Que 2z 00 400 K=1,22

0C93 SGLI=STEPR(K)




0094
(0S5
CCos6
097
0098
Q099
0100
0101
0102
0103
01C4
0105
QLus
0107
Q1GC8
Gl109
0110
o111l
0112
0113
Qllé
0119
Qlio
c1i?

o118 °

OLLY
0120
o121
0122
0Lz3
0124
ci2%
Jl26
0127
0128
0129
0130
0131
ol32
0123
013¢
0135
Qi 36
ul3?
013¢g
Q139
Q0140
Lvlal
uléa?
0143
Qléd
uleh
U140

420

4901

411

425
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TAHA=DTANH(A)

DO 6CG J=1,2

WE=ONE+STEF(K)xF(J)

KOUNT=0

KCUNT=KCUNT +1

IF{KQUNT.GT.1D) GC T3 411

GO TO 425

STEP(K)=STEP(K)¥10.0Q

G0 TO 423

BGLD=R

2141C0=2141H

214R0D=Z14RE

ERGLD=ERRCF1

B=BXWE

TANB=DTAN(B) :
A2=TAHA% ({CNE+TANB¥%2 )/ (CNE+TAHA¥* 2 v TANR®*2)
B2=TANR*({ONE-TAHAY #2) /{CNE+TAHAX® 2 TANR**2)
ZJL4RE=(A¥YA2+B%P2)/ (Axv2+¢R4=2)

214N A¥B2-BYAZ )/ (AN ¥2+B*%2)
ERRIRL=CSORT ((Z14RE=ZLIREI*=2+(Z14IN=-Z11IM)we2)
IF(ERRORL.LELFRCLR) 63 TO 401
2141M=2141C0

214RE=714RCD

B=RCLD

ERODR L 2FRCLD

STEP(K)=SOLOD

CONTINUE

TANG=DOTAN(E)

DO 700 J=l42

WESONE+STEF(KINF(J)

KGUNT =9

KOUNT=KCUNT#L )

IF{KCUAT.GT.10) GO Y3 412

GO TC 423

STEP(K)=STEP{K)*10,0)

GG TQ a2l

“a0L0=A

214900=216RE
216100=2141¥
ERQULD=ERRIRY

CASAMWE

TAHA=[OTANM( L)
A2=TAHﬁ‘tJNE+TANR*ﬂ2)/(C\E*TAHAf*thnNF**z)
a2=TAna-(cn5-1AHA¢sza/(cusoTaHA~v2*TANB~*2}
J14RE={AA2¢RANB2)/ (nxs2eprel])
216IM=(A*R2-R=A2 )/ (2=22¢Reu])
EQR0R1=RSQRTtt114RE-ZXXQEl~»30(21613~2&11M)**2l
IE(ERRCR]LLELERCLD) GC TO 402

Z14RE=71WRCC

21at¥=2141CD0

A=A0LD

CRRORL =EBGLE

SYEP{K)=8TL)




0147
0148
0149
015¢
Gl51
0152
0153
0154
Q155
0156
0157
G158
0159
QlLo6u
0l61
0162
0163
0164
0165
0166
0le7
0168
0169
Q170
0Ll
QL2
QL73
Gl
ci79
olL76
ov17
01786
I A)
018G
L8l
cle2
Q183
gigs
0185
Ql86
0187
0188
0189
PRI
0191
0192
0193
0l9¢4
0195
J196
QL9?
098
0199

766

420
459

219

211
212

213
18

15
19
64
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COMTINUE

[F{EIRCRLELLLL-6) GT TC 45)

CONTINUE

L12RE=ZICNE*A

12 M=2CINExR

AG(T)=4

BG(11=3

Z12NEW=(Z12RE+Z212[M)*x%?

214R=714RE%7CNE

Z14T1=214[M»7CCNE

Ll4=714R+ 72141

Z13==Z12NCHWHK3+22

G=7CNE=FC

H=ZCNE®*W

Z15=(G+713)/F

RA=FAKE (1)}

AlM=-FAKE(2)

IF(FC,GT.C.CC) GC TC 219
KAPPA=FAKE(Ll)

TANC=ALIM/RA
LI=DLOGLIINRZ2(I)/CL)+CLCGLC{C2/03(1)}
L2=DLAGLILCI(T)202( 1))

L2=DLLGLU{C2/CL)

Ral,~LL*KAPPA®[ ], +TAND®=®2) /L3

KAPPAC=R=KAPPA/ ((LI/L2)1=2 . *LI*KAPPA/L2¢( la=RINLL/L2)
TANCC=TAND/R

RE=KAPDAC

TAM=TANDC-T AN

AIM=RE»TAM

GO YQ 18

IF(LHOGTCE'D'BQAhD.Lh.LTl-’.O‘J' GO TC 211
TFILE 6T 2 .DANDLW.LTL3.00) GO TO 213

RE3RACEIO8.0-4*x (RAS2-RA) & (C2~-03(1))/C2

GO vO 18

RE=RA®3358,C~4%(RARC2-RA) v (625J,0~4-03(1))/6250.0~%

60 YO 18

RESRA+AIOB D=4 =(RA¥$2-R4)9{3750,D=4=D3(1))/73750.0-4

TAV=AIVM/RE-TANW

AlMsSREITAM

WPITE{64300) SNIIDNSET) e B, RE, AN, TAM, 211,214

CONTINUE

READ(S, IN)

READ(5,CANST)

WRITE(6,220)

HRTITE(O 92300 (0SCIYaSNUI) o214 020140301 yNLTY, 1m1,4NX)

WR{TYE(&,CCAST)
WRITE(G6,L1CC)

DG 23 1=1.AX
TFISNTLDLEQYLAN) GT T 21
XEaSN(E1#25,.0-2vLW=-AN=-CL 1)
YuPIl2«XE/ LN

DX=0S(1)-Ca




02C0
0201
0202
0203
0204
0205
0206
0207
0208
0209
9210
0211
c212
0213
0214
0215
0216
0217
0218
0219
U220
0221
0222
0223
0224
0225
0226
0227
V228
v229
023u
0231
0232
0233
0234
0235
0236
0237
0238
0239
0240
0241
0242
0243
0244
0245
0246
0247
0248
0249
0250
0251
0252

525

619

528
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IF(DX.LE.ZRC) GG TO 21
COSINE=DCIS(PITRDX/Lw)* 2

X=DSIN(PII*DX/LW) /DSRT{2,00-CISINE)
Y1=DTaN (Y}

21=200NE*Y1

Z2A=2CNE*X

12=128-11

13=70NE-22A"21

24=12/13

K3=LW/(PI127C (1))

Z10=77CNE/X3

211=210/24

ZILRE=SILLY(1)

Z11IM=SILLY(2)

A=AG(T)

B=BGI1)

TAHA=CTANH(A)

TANB=DTAN(B)

A2=TAHA> (CNE+TANR®%2) / (ONE+TAHA¥=2% TANB*%2)
82=TANB™ (CNE-TAHAY%2) / (INE+TAHAX®29TANB™*2)
114RE=A¥42-A*32

2141M=A%B2+B4 A2

ERRO21=DSQRT ((Z14RE-ZLIRE I¥~24 (Z14IM-Z11 M) *2)
DO 4lu K=1,22 ‘

TAHASDTANH (A)

DO 610 J=142

WE=ONESSTEEP({KIeF{])

30L9=R

Z2141CD=2141V

214ROD=ZL4RE

EROLD=FRRQP)

B=R ¥WE

TANB=DT AN (R)

A2u TAHAM(CNE# TANI®%2) /(CNECTAHARR 22U TANRWH2 )
B22TANDBH(QONF=~TAHA®%Z ) /{TNE+TAHANS 2¥TANBS:2)
Z143EsAvA2-0wQQ '
I1aIM=AmK2 ¢ %A2
ERRIAL=DSIPT{(Z LARE-Z LIREI®*2+ (214 IM=~2 L IV}xx2)
[F{ERACP) JLELERCLD) oC TO 525

214iM=21451C0-

Z14RF=714RCO

8=8ILD

ERRQR1=€R0LC

CONT T HNUE

TANOB=DTANIR)

DO 710 J=1,2

WE=CNESTEP(RI=*F(J)

ACLD=A

Z14RCN=214PC

I1aiCh=21414

EROLD=FRROR]

Az A*WE

TAHA=DTARNMLA)




0253
U254
0255
02556
0257
0258
0259
0260
0261
0262
€263
264
0265
0266
0267
0268
C26S
0270
9271
0272
0273
G274
0275
0276
0271
0276
0279
uzBi
0281
0282
0283
Q284
. ye28s
0286
0287
0288
0289
02990
0291
0292
0293
294
0265
296
029t
L2998
0299
630y
0301
0302
U303
0304
S3Ls

Ty

410
46U
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A2=TAMA* [INE+TANR> =2 ) /{TNE+TAHA®> 2= TAND =42 )

B2=TANDGY (CNE-TAHA? ¥2 )/ (INE+TAHA%* 28 TANBYx2)

J14RE=A»A2-B%32

Z14IM=A%32+3» 42

ERRIKLI=DSQRT ((Z14RE=Z211E)*#2+ (214 IM=2111M)"x2)

TFISRRLRL.LELERCLD) G2 TO s528

I14RE=Z14RCE

Zl4I¥=7141CD

A=ATLD

ERROR1=FRCLD

CCNTINLE

IFI(ERRORL,LELLD=€) GO TC 469

CONT INUE '

L12RE=ZCNE=®A

Z12IM=2CONE+8

Z12NEW={7212RE+212 M) %a2,

Z13==7212NEWrK3¥ %2

Z14R=714ENICNE

1141 =714] M¥JCCNE

Zl4=214R+ 72141

G=ICNE*F(C

H=I0ONE>nw

L15={G+I13)/F

RA=FAKE(])

AlM=—FAKE(2})

ITFIFC.GT,0.00) GO TO 219

KAPPA=FAKE (1) '

TAND=A[%/X4POA
L1=0L0GLu{C2 (I 4CLI+CLOGLA(C2/03( 1)}

LZ2=0LGG1 (03T /D200

L3=0L0G61a(C2/CY)

R=1e~L1¥KAPPAR {1, +TANCY*2)/713

KAPPAC=REKAPPAZ({L3/L2)=2.vL L*KAPPA/LZ2#({1.=RISLL/LDY

© TANOC=TANQ/R

319

31l
312

313
28

1o
21

1y
29

RE=KAPPAC

TAM=TANDC -TANW

AlNM=RZRTAM

GO TO 16

IFILW.GT,5.DC.ANC.LW.LTL.T7.D0) GO TQ 311
TFILWaGT,3,400,8ND Lt To4.Cud GI TC 312

[F{LW.GT 2.0CeAND LW, LT.3.0%) GD TG 313

RE=RA #8168, 0~ 7 (PANS2-RA)*(C2=D3(11)/C2

GO T2 20

RE=RA#B368,0-4¢ (RAVI2-RAIA{6250.0~4=23(1)}/6250.0-4
GL Ta 28 : .
RE=XA+6303.0-6% (RA%¥2-RAI#{3753,0-4-03(1))/3752.0-4
TAN=A[V/RE-TANW

AlV=REATAM

WRITE(6+35C) SNII},05(1),8,REZATM, TAM, ZL1, 214

6C 119 2¢

WRITE(6411y) .

EARMAT (111d e5% 42 GFMEASUREMENT NOT MADE//)

CONTINUE




U3ne GL T3 17
: V337 89 CALL EXIT .
9308 END
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WHITTAKER DD3I164=10%4+3164~11%2,020-401*2,ASR-1053J%2 E.3GHZs 22 DEG C

DS SN D D2 03 N
0.1555 53,7375  2,5575 1.00u0 1.C0030 3
.+ 0.162¢ 5.7428 2.5575 1.3000 1.55030 3
0.1582 5.7437 2.5575% 11,3000 1.CCC3C 3
0.1495 5.7467 2.5575 1.9C00  1.00030 3
0.0356 S. 7335 2.580C 1.0CJC €.$5730 3
0.0461 SeT126 2.6800 11,3630 0.65730 3
0.0215 5.,9288  2.544U 1.,3C30 (C.9998C 3
0.0197 5.9579  2.5440 1,.300C £.55580 3
0.0398 5.8605 245415 11,3300 1.CCCO0 3
0.039% 5.8813 2,5415 1,063¢ 1.0CC00 ~ 3
GCCNST '
DAz  ,149999999955999993D0-C2+AN= 6, 76540CCCAI00GSL 003
6.000720090000G0300 fTANWE L4455955995695999940~Uk,y
GEND ECT, e

NS DS 8 kL K2 TAN
S. 7375 0.155% T.328 3.2613 0.058525 0.017945
5.,7428 0.1624  7.323 3,25764 0,061820 C.018977
5. 7437 0.1582 7.321 3.2567 0.060351 0.ulés32
S.T4617 Q.1495 Te317 3.2537 _ 0.C57626_ J.017649
5.733% G.0356 T.222 33,1049 0,009344 0.003009
S.T126 0.0461  T,440 3.11686 0.011813 0.00379Q
5.9208 0.0215 7.03% 3.0840 C.0121¢8 0.003926
5,9579  0.0197  6.981 3.04867 = 0.011685  0.003835
5, 8805 0.0398 7.113 3.14%29 0.021131 0.006723
50,8813  0.0395 7.112 3.1420 __ 0,021003 _ 0.006684

ns SN - D D2 _. 03 N

0.0795 7.89179 2.5575 1.0000 1.3C30 3.
0.0761 7.9961 2.5515 1.0000  1.C0030 3 .
0.0803 7.8951  2.557% 1.LG0C 1.00630 3
0.0765 T.8955  2.5575 1.0000 _ L.Co030 _ 3
0.0112 7.9691 2.580C 1.0320 G.$9730 3
0.0194 7.98645  2.683C 1.069C C.S5730 3
"0.0281 5.0660 2.5440 1.3600 0.99930 3
0.0278 5.0358  2.9%44C 1,300C $.6$S584 3
0.0368 7.977L 2.5415% 1.0290 1.£23000 2
0.0369  7.9769  2.541% 1.06ud 1.C000 3
&CONST
DA= 1820 0220CUCCCUOVC00~02¢AN=  6.62200C0CCEACCOLO0LL
6.00000002006UG00V0 fTANWE L 4456G558595I5IYT A0~V
SEND ECT.

NS DS 8 KY _ . K2_...  TaN
7.8979 D.0795 7.285% 3.2311 0.054786 J.015956
7.6991 J.0761 7.283 3.229¢ Uel 52219 C.016109
7.3951 0.0803  T,291 3.2350 0.055780 G.0172642
7.89%3% G765 7,281 3.2348 C.LS3C26 0,016392
1.9891 Jel 112 7.373 3,372 C.o(e370 Ca020T3
7.9845 0.0194 7.383 3,07R% G.012C90 9.693927
5.0660 C.0281 6.991 3.0517 C.clleSo CoNU3ITHY
5.0358 0.0276 1,03{ 3.081% 0.012170 0.dU 3949
7.9771 0.0368 T.115 3,1439 €.019229 0.u06116
7.9769  0.0369 T.115 3.1441 €C.0192%4 C.006137




