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Abstract

This thesis deals with the design and construction of a
Gunn oscillator for microwave integrated circuits. The oscillator
consists | of a Gunn diode placed in a cavity in which periodic
structures in microstrip waveguide are created. The periodic
structures in microstrip provide frequency-selective feedback to
the diode, enabling a stable oscillation. After the design
principle is presented, obsgrvéd oscillation characteristic of
prototype oscillatoruis reported. Some problems as well as future

direction for improvement are discussed.
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FEATURES

Spot Frequency or Wide Band Operation
Choice of Package Styles
Range of Microwave Power Outputs

Speci_fic Types For Low Cost Commercial
Applications ‘ .

High Reliability

Special Screening to Cust Requi : 3
Available 9 stomer Requirements

* s b

APPLICATIONS

* IMICRGWAVE OSCILLATORS]

* Receiver Local Oscillators For Radar, Ete.’
* Parametric Amplifier Pumps
* Transmitters

* Motion Detectors (Intrusion Alarms, Package
Counters, Etc.)

* Fixed Frequéncy Sources

* {Electronically Tuneable Sources With V .
Y1G devices __ _ T ! aractor ?r_ui‘

* Wide Band Mechanically Tuneable Sources

* REFLECTION AMPLIFIERS
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October, 1979

[GUNN DIODES] - 'DATA SHEET

GENERAL DESCRIPTION

Alpha Gunn diodes are produced from_ epitaxial gal-
lium_arsenide grown in Alpha’s own in house epitaxy
facility. This data sheet describes both the perform-
ance of low power low cost devices suitable for high
volume commercial applications as well as high power
diodes, Devices for the lowest power applications are
produced in a non-flip configuration, that is with the
active layer uppermost in the package and require the
heat sink to be biassed as the anode. A flip device con-
struction is used for the higher power diodes In_whir.h
“the active layer is bonded close to the package heat
sink for optimum thermal performance. Such devices
require the heat sink to be biassed as the cathode.

‘THE DEVI“CE TYPES SHOWN REPRESENT THE

STANDARD RANGE OF ALPHA INDUSTRIES
GUNN DEVICES. MANY VARIATIONS ARE
POSSIBLE TO MEET SPECIFIC REQUIREMENTS
FOR DEVICE TYPES NOT LISTED IN THIS
DATA SHEET. PLEASE CONSULT THE FAC-
TORY FOR AVAILABILITY, -

Specifications subject to change without notice,

8
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C. W. GUNN DEVICES FOR C-BAND (3-8 GHz)
y 1 W, Operating Operating Heat Sin
Type Specified F'é:'":"ev in Range g:xe?m:?;.: Current Typical Voltage Typical Pgltafltyk ‘ ::::(:3_ :,
m™W mA v )
4-8 20 200 13 Cathode | 023.001
gg g g::; 4-8 20 200 13 Cathode 158.001
0GB 8213 4-8 20 200 . 13 Cathode 188-601
DGB 8311 4-8 50 300 13 Cathode 023-001
DGR 8312 4-8 50 300 13 Cathode 158.001
0GB 8313 4-8 50 300 13 Cathode | 188.001
DGB 8411 4-8 100 - 400 13 Cathode 023-001
0GB 8412 4-8 100 400 13 Cathode 158.001
DGB 8413 4-3 100 400 13 Cathode 188-001
DGB 8511 4-8 200 500 13 Cathode 023.001:
DGB 8512 4-8 200 500 13 Cathode 158-001
DGB 8513 4-8 200 500 13 Cathode | 188.001
DGB 8612 6-8 300 700 13 Cathode 158.001
DGB 8613 6-8 . 300 700 13 Cathode 188-001
DGB 9211 FULLBAND 5-8 20 300 13 Cathode 023.001
DGB 9212 FULLBAND S-8 20 300 13 Cathode 158-001
DGB 9213 FULLBAND 5-8 20 300 13 Cathode 188-001
DGB 9214 FULLBAND 5-8 20 300 13 . Cathoda 315.001
DGB 9311 FULLBAND 5-8 S0 400 13, Cathode 023.001
DGB %312 FULLBAND'S-8 S0 400 13 Cathode 158-001
DGB 9313 FULLBAND5-8° 50 400 13 Cathode 188-001
DGB 9314 FULLBAND 5-8 50 400 13 - Cathode 315-001
DGB 9411 FULLBAND 5-8 100 550 13 Cathade 023-001
DGB 9412 FULLBAND5-8 100 550 13 Cathode | 158.001
DGB 9413 FULLBAND 5-8 100 550 13 Cathade | 188-001
DGB 9414 FULLBAND 5-8 100 550 - 13 Cathode 315-001
C. W, GUNN DEVICES FOR X~-BAND (812 GH2)
Tvpe Specified Frequeney in Range? C.W. Qutput Operating [ Operating Heat Sink Packagn
GHz Power Min,2.3" | Current Typical Voltage Typical Polarity Style &3
mW Ma \' tyle
DGB 8081 9.3-109 5 75 - 8 Anode 023.001.
DGB 8181 9.3-10.9 10 110 8 Anode 023-001
DGB 8281 9.3-10.9 20 140 8 Anode 023-001
DGB 8121 '8-9.3 and 10.9-12 10 115 8 Anode 023-001
-DGB 8122 8-12 10 115 8 Anode 158-001 -
DGB 8123 8-12 10 115 8 Anode 188.001
DGB 8221 8-9.3 and 10.9-12 20 150 8 Anode 022 701
DGB 8222 8-12 . 20 150 8 Anode 158-001
DGB 8223 8-12 20 150 8 Anode 188-001
DGB 8321 8-12 50 ‘300 10 Cathode 023.001
0GB 8322 8-12 50 300 10 Cathods 158-001
DGB 8323 8-12 1:3 igg :g Cathode 188-001
DGB 8421 8-12 ' Cathode 023-001
'B__.GB 8 422 E‘@ \T@ @—QE Cathode) Hse-bm]
'DGB 8433 8-12 100 400 10 Cathode | 188-001
DGB 8521 8-12 200 600 10 Cathode 023-601
DGB 8522 8-12 200 600 10 Cathode 158-001
DGB 8523 8-12 200 600 10 Cathode 183-001
DGB 8622 8-12 300 800 10 Cathode 158-001
DGB 8623 8-12 300 800 10 Cathode 188-001
DGB 8722 8-12 400 1000 10 Cathode < | 158.C01
DGB 8723 8-12 400 1000 10 Cathode 188-001
DGB 9221 FULLBAND 8--12 20 300 10 Cathode 023-001
DGB 9222 FULLBAND 8-12 20 300 10 Cathode 158-001
DGB 9223 FULLBAND 8-12 20 300 10 , Cathode 188-001
DGB 9224 FULLBAND 8-12 20 300 10 Cathode 315.001
DGB 9321 FULLBAND 8-12 50 450 10 Cathode 023-001
OGB 9322 FULLBAND 8-12 50 - 450 10 Cathode. 158.001
DGB 9323 FULLBAND 3-12 s0 450 10 Cathode 188-001
DGB 9324 FULLBAND 8--12 50 450 10 Cathode 315-001
DGB 9421 FULLBAND 8-12 100 600 10 Cathode 023-001
DGB 9422 FULLBAND B-12 100 600 10 Cathode 158.001%
DGB 9423 FULLBAND 8-12 100 600 10 Cathcde | 188-C01
DGB 2423 FULLBAND 3-12 100 600 10 €. Meda 313.001
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C.W. GUNN DEVICES FOR Ku—BAND (12-18 GHz)

Type pecified Frequency in Range' | C.W. Output Operating Operating Heat §i"k Package
GHz Power Min.2.3 | Current Typical Voltage Typical | Polarity Style®?
mwW Ma A
DGB 8131 12-18 10 140 7 Anode 023-001
0GB :muiI 12-16 10 140 7 Anode 158-001
0GB 8133 12-16 10 140 7 Anode 1800
DGB 8134 12-18 10 140 7 Anode :ns-om
DGB 8231 ‘12-18 20 180 7 Anade 0230 !
DGB 8232 12-16 200 180 7 Anode 15:;-09n
DGB 8233 12-16 20 180 7 Anode 133-001
DGB 8233 12-18 20 180 - Anode :ns-gcn
DGB 8331 12-18 50 350 8 _| Cathode | 023. 01
DGB 8332 12-16 50 350 8 Cathode 153-%1
DGB 8333 12-16 50 350 8 Cathode | 188-0 !
DGA 8334 12-18 50 350 8 Cathods |- 315001
DGB 8431 12-18 100' 500 8 Cathode | 023-0 !
DGB 8432 12-16 100 - 500 8 Cathode , | 158-00
'DGB 8433 12-16 100 - 500 8 Cathode | 188-001
DGB 8433 12-18 100 500 8 Cathode | 315-001
DGB 8531 12-18 200 700 8 Cathode | 023.C01
DGB 8532 12-16 200 700 8 Cathode | 158-001
DGR 8533 12-18 200 700 8 Cathode | 188-00%
DGB 8534 12-18 200 700 8 Cathode | 315-001
DGB 8632 12-16 300 1000 8 Cathode | 158-001
0GB 8533} 12-16 300 1000 8 Cathode | 188-001
DGB 8634 12-18 300 1000 8 Cathode | 315-001
 DGB 9234 FULLBAND 12-18 20 360 "8 Cathode | 315-001
PGB 9334 FULLBAND 12-18 50 520 8 Cathode | 315-001
DGB 9434 FULLBAND 12-18 100 720 8 Cathode | 315-001
C. W. GUNN DEVICES FOR K-BAND (18-26.5 GHz) 8
Type Specified Frequency in Range' [ C.W. Output Operating Operating Heat Sink | Package
GHz Power Min.2.3 | Current Typical Voltage Typical Polarity Style 45
mW ‘ " Ma v
DG83 8091 . 235-245 5 100 5 Anode 023-001
DGB 8094 23.5-245 5 . 100 5 Anode 315.001
DGB 8191 235-245 10 180 5 Anode 023-001
DGB 8194 23.5-245 10 180 5 " Anode 315001
DGB 8291 23.5-245 20 250 5 Anode 023001
DGB 8294 235-245 . 20 250 5 Anode 315.001
DGB 8141 18~23.5and 24 5-26.5 10 . 200 5 Anode 023-001
DGB 8144 18-23.5and 24.5-26.5 10 200 5 Anode 315.001
DGB 8244 18-23.5and 24.5-26.5 20 270 5 Anode 315-001
DGB 8344 18-265 50 400 6 Cathode | 315-001
DGB 8444 18-265 100 700 6 Cathode | 315-001
DGB 9244 FULLBAND 18-26.5 20 420 6 Cathode | 315-001
DGB 9246 FULLBAND 18-26.5 20 420 6 Cathode | 296-001
DGB 9344 FULLBAND 18-26.5 50 700 6 Cathoda -} 315-001
‘| 0GB 9346 FULLBAND 18-26.5 - 50 700 6 Cathods | 296-001
C. W. GUNN DEVICES FOR Ka—-BAND (26.5-40 GHz)
Type Specified Frequency in Range' | C.W. Output Qperating Operating Heat Sink | Package
GHz ’ Power Min.2.3 | Current Typical Voltage Typical | Polarity Style '
. . mwW Ma v
DGB 815 26.5-40 10 220 4 Anode 315.0C1
DGB 315 26.5-40 10 220 a4 Anode 295-0 !
DGB £25 26.5-10 20 300 5 Cathode | 315 °
DGB 824 26.5-40 20 300 5 Cathods | 295
0GB 2334 26.5-15 50 500 5 Cathocs | 315«
DGB 3356 26.5-20 50 500 5 Cuthecr | 2¢¢
'DGB 2414 25.5-35 1¢0 800 5 Cithods |3
Mmoo 3a-= e = ‘" ann ~enn - 'ty -
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-{4) Alternative package styles are available and should
be requested as specials at the time of ordering. The
Alpha 305 package is available for units listed with the
315 package styles. To order 305 packaged diodes,
merely replace the last numeral digit {a four) of the
318 type code with the numeral five., Far example, the
DGB 9424 in the 315 package becomes a DGB 9425 in.
the 305 package. The 315 package will generally be
preforred however since although it has similar electei-
cal characteristics, it is moare robust and resistont to
distortion.

(1) The required operating frequency (or in the case
of wide band types the frequency range) must be spe-
cified when ordering. The specification of any unnec-
essarily wide frequeney range will result In unnecessary
expanditure.

{2) The power output Is measured at a single frequen-
ey (except for wide band units) in & critically eoupled
_ Alpha test cavity at 259¢. Alpha may agree to under-

take special testing in a customer cavity if required.

{3) The standard catalogue range of Alpha Gunn de-

vices are tested under C. W. conditions,

For certain

pulsed applications alterative device types are available.

Consult the factory.

ABSOLUTE MAXIMUM RATINGS

Operating Temperature. .« .. ccooesvseensoascosacscnssans
Storage Temperature . . « o vooos ooy

- Operating Voltage . . . . . 0. aJ.

a3 {(5) For applications involving magnetic tuning, the

customer should bear in mind that package types g_zg-
001, 158-001 and 188:001 have Kovar in their con-
struction and are therefore not suitable for these re-
" quirements. :

Dot £ .+ .—430° to +70°C for standard types

V7 N I —— T WP B ~55°C to +85°C

. . » Each diode is individually rated by Alpha with respect to operating voltage,

Application of a bias voltage in excess of this value may lead to a degrada-
tion in performance.

OUTLINE DRAWINGS Dimensions in inches (millimeters in parentheses)
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Gunn devices act as converters of DC to microwave

e usng the negative rosistance characteristicy of
bulk galliam arsenide. The cavities in which these de-
vices ars operated often appear deceptively simple. It
should be the aim of the cavity designer not merely to
design a cavity which enables the Gunn device to oper-
ate to tke designer’s specifications, but the designer
should also aim to produce a cavity which will operatd
just as siccessfully with other devices from the same
manufacturing batch and indeed other batches of de-
vices. ' Generally, most osclilators are best designed
with some sort of acjustable matching element to fac-
ilitate this. Su ful Gu cillator designs require
the_understanding of devica operation snd microwava
cireult theary, together with experience and a willing-
_ness to experiment. For example, the negative resist-
ance of a Gunn device Is not restricted to a single fre-
quency, but exists over a band of frequencies when a
suitablebias voltage is applied. These devices are there-
fare camle of producing osciilations in the blas cireuit
In the VHP range which are normally suppressed by a
suitable choice of bias line impedance. Normally a re-
latively low impedance quasi constant voltage source is
used tegether with a capacitor (typically 0.047 uF)
connected directly across the terminal of the micro-
wave ewvity from the bias line to cavity ground. The
design of the microwave circuit can significantly affect
tha autreptablility of & unit to bias eirouit pacillations
and alse significantly Influencs the diode turn on volt-
age. (The turn on voltage Vi o I8 the voltage at which
tha devies produnes single fregudanay misrawave pawer
free from bias clrcuit osclilations and at a frequency
which can be pushed without discontinuity to the
operatieg frequency at the operating voltage- Wo

)
. N p .
merely by increasing the bias from Vio. 19 vop"

- . R s st

As shown in Figure 2, at the threshold voltage the cur-
rent drain is at a maximum, Typically, the threshold
current 1, may be expected to be 30% more than the
operating current 'op' In addition, both {y, and 1,

Increase as the temperature is decreased and therefore
power supplies should be designed with this in mind.
It is also desirable that the Gunn oscillator power sup-
ply should have a low ripple content, particularly if the
application requires.the oscillator to haye good noise
performance. Power supply ripple will, in general, de-
grade the inherent A.M and F.M. noise performance of
the Gunn oscillator. P

aken to ensure that the packaged diodes
Erae' ep';‘:j:l:de :vlth an adequate heat sink so that the
temperature rise of the package above the heat sink i
limited to only a few °C.
The equivalent circuit of the packaged diode Is shown
in Figure 1. The Gunn device chip may be repres.ented
as a negative resistance in parallel with a capacitance
and a small positive resistance in series with these.. Ad-
ditionally, when incorporated into a package structure
of whatever type, s series inductance and 3 parallel cap-
acitative reactance are introduced. In general, the mag:
nitude of these parasitic reactancas is reduced with the

chaioe of a smaller packans, Henca, although the largos

package types are offered In the Iowet. freq?ency
bands, higher frequency diodes are only available in the
srallme Inwae paranlale Fapntanes papkagas.

Typical curves showing the general characteristics of
Gunn devices operated in various cavities and at various
frequencies are shown in Figures 2 to 8.

RS Lp
— Package
. c v g
Ro o —r—"P ° Terminals
A WSS S o L )
Chip Portion Package Portion

Figure 1. Equivalent Circuit of Packaged Guan Dioda

>
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/
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+100°C
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2.0 6.0 +10.0

Voltage (V)
Figure 2. DC |-V Characteristic at Vil<arer
Temperatures {Ambien:
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Tunsan1gainaum v uez 8 I
[
|

10 DEFDEL A-C,E-F,T,0,W-Z

20 b=, 0043 H=, 002 El=)  E2=2 .

30 Di=.001:D2=_,01

40 C=2.9979JE+08: E0=8, B5149E-12

50 P1=3.14159

60 UO=400%P 149, 997999E-10

70 ZO1=119,9/80R(ZH(EL41)) * (LOGB(ARH/WASER{1E% (H/W) =242) ) /LOG (2 715*&)—¢c1~1>/"/<

E1+1) % (LOG(FI/2) /LOG(2. 71828) +LOG(4/P1) /LOG(2. 71828) /E1) )

680 202=119. 9/qoptﬂ¥tsm+1:;*(LnG<4+H/w+saR¢1a+chw>*ﬂ+a))/Loe( LTIRRB)~(ER~1) /27 ¢
E2+1) % (LARIRFTAR) ALOGI2. 718568) «LAE (4 A1) ALOGCE. 71020 AE2))

'9ﬁ ERI=(E1+1) /2% (1429, 92£50R(2/ (E1+1)) /201 ¥ (E1~ 1)/(E1+1)*(LOG(FI/°)/LDG( .71828)

+LOG(4/PI)/LOG(2. 71828) /E1) )2

100 ERZa(E241) /2% (1429, 9B8080R(2/ (E24-1) ) FZOIR (ER2-1) S (ER -HH'(LGB(F‘I/ 2)/1.0R2, 716208

Y+LOB(AARI) ALOGIR2. 71828) JERY)~2

110 WFFL=120%FI+H/ 201 /S0R (ER1) 1 WFF2= 1 208F T#H/ Z02/80R (ER2)

120 Ti=C 2+Z01 REO*SAR (EL1) / (2¥HYSOR(ERL) ) : T2=C" 2% Z02+EQ*SOR (E2) 7 (2xH%SOR (ER2) )

130 DIM E1(400) ,B2{400) ,V(50) . Z1F (400) , Z2F (400) , X (400) ,OM (400)

140 PRINT "FREQUENCY BETA"

150 J=1:k=1

160 FOR U=B.999999E+Q09 TO 1.2E+10 STEF 4E+07

170 EF1=E1-(E1-ER1) /7 (1 +(U/T1)"2) s EF2=E2~ (ER-ER2) / (1 +(U/T2) ~2) : PRINT U,EF2;

180 WEFI=W+ (WFFI-W) /7 {1+(U/T1)2) s WEF 2=+ {WFF2-0) / (14 (L/T2) ~2)

190 Z1IF {0 =1208F 1 #H/WEF 1 /SOR(EF L) 2 Z2F (J) =120%P I ¥H/WEF2/SOR (EF2)

200 OM=2+FI+U

210 Ei(J3)=0M*SER (UOEOXEF1) : B2 {J) =0M#SOR (UO*EQXEF2)

220 X(J)=COS(R1 (J)*D1) #COS(R2(J) *D2) —(Z1F (J)“2+Z2F (J) "2} xSIN(R1 (J) #D1) *SIN (K2 (J)

£D2) / (2%TIF (J) #Z2F (J))

230 IF ARS(X(JI)) >l THEN V(l)=U:V=V+1:COTO I50

240 Xi1=0: X2=F1/2 :

250 P=2 .

260 FRI=COSIX1Y=X(I) 2 IF ARSIFX1)CIE~08 THEN PRINT X1/FI;:GOTO 340

270 FX2=C0S(N2) ~X(J): IF ARS(FX2)<IE-08 THEM PRINT X2Z/PI;:G60TO J40

280 IF ARS(X1-X2)<1E-08 THEN PRINT X2/FI1:;:60T0 340

- 290 ¥3=X2—FY”+(k”—x1)/(FxZ—FX1)

JI00 FX3I=COS(XJI)=-X1J) . ’

310 IF Amstx3—0><1E—oa THEN FRINT X3/F1;:60T0 340

I20 IF FXI®¥FX140 THEM NX2=X3I:FX2=FX3 ELSF ¥1=XJ:FXI=FX3

IZ0 6OTO 280 , v

JI40 F=P-1:IF P30 THEN X1=0:X2=-FI/2:G0TO 260 ELSE GOTO 440

ITO A1=C0g X2=1

360 FX1=—(EYP(X1)+FXF( X13) /2-%(3) 2 IF ARS(FYX1)<IE—-O8 THEN PRINT X1/FI::60T0 440

I70 FX2=—(EXF(X2) +EXP (=X2)) /2-X(J) : IF AERS(FX2) <1E~08 THEN FRINT X2/PI;::60TQ 440

IBO IF ARS(X1-X2)<1E-08 THEM PRINT ¥2/PI1;:60T0 440 )

TFO XI=XP=FX2%(X2~X1) / (FX2-FX1)

400 FYXI=—=(EXPIXNT)4EXP(=X3)) /2% {])
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410
420
430
440
450
460
470
480

* 470

SO0
G0
520
S30
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IF AES(FX3-0)<1E-0B THEN PRINT X3/P1;:G0TO 440

IF FXI#FX120 THEN XReXTFX2aFXS ELSE X=X FY1=FXT:

GOTO T80

d=J413 PRINT

NEXT U ‘

P=g+1 'FIND LENGTH

FOR U=V{1) TO V(K-1) STEF 1000000!

EF S =E1~(E1=ER1) / (14 (U/T1)~2) 3 EF2=E2— (E2-ERD) / (1+(U/T2) ")
WEF 1264 (WFF 1~b1) £ 1+ (U/T1)2) s WEF 2=bi4+ (WFF2~U) / (14 (U/T2) ~2)
Z1F (P) =120%P I *H/VEF 1 /SQR(EF1) 3 Z2F (P) =120%P I »H/WEF2/SOR (EF2)
OM (P) =2¢P 14U '

B1 (P)=0M(F) #SOR (UO*EQXEF1) B2 (F) =0M (P) #80R (UOXEQ*EF 2)

NPY=COS(EL (P »D 1) »CAB (B2 (F) »D2Y = (ZAF(FY 247 2F (P) " 2) k8 Iﬂfﬂi(F)¥Dl\VSIN(H“(P

D2Y 72 ZIF(PY ®22F (F))

S40
So
SHO

IF ARSIX AR ) -ARS (X {F~-1))<0 THEN 560
P=P+1:NEXT U

ARI=COS(E1 (F-1)#D1) *COS(R2(F-1) ¥D2) —~(ZIF (F-1) S 22F (F-1) +Z2F (P-1}

M(EL(P—1)#D1) *SIN(B2(F~1) ¥D2) /2: AR4=AR1

570
580 AI1=COS (K1 (F-1)%D1)%SIN(RR (F—1)¥D2)+(Z1F (F=1) /Z2F (P-1) +Z2F (F-1) /Z1F (F-1) ) %51

ARZ2=03 ARI=0D

NR1(P-1)+D1) xCOS(R2(P-1)+D2) /2: A1 4=~-A1

BP0
&HOO
610
620
&LI0
&4¢)
&S0
[=Y-Xa)
&70
&80
&0
700
710
720
730
740
TS0
760
770
720
790
SO0

AI3=(ZIF{P-1) /22 FtP*l)FZZF(P—I)/ZIF(P—i))*SIN(B!(P~1)*D1)/2:A
BR1=AR1: BER2=AR2:; BR3=ART: BR4=AR4: BRI 1=Al1: RIZ=AI2: RIZ=AIZ: R14=AI4

FOR M=2 TO 15
CR1=AFR1*BRI1+AR2*ARI~AT 1 +HI 1 -AI2+RI3T
CR2=AR1 *BR2+AR2*ER4-A11 +RIZ-AI2+RI14
CRI=ARI*RRI +AR4A*BRI~-AIZ¢RI1-AT4+HIZ
CRA=ARI*RR2+-ARI*BRA-AII*RIZ2-AT4 2RI
Cli=AR1+RI1+AR2*BRIZ+AT 1 #ER1+AI2XRRT
CI2=AR1+RI2+AR2I*EHI4+AT 1 ¥*BRZ+AIZ2¥RR4
CIZ=ARZI*RI I +ARG#RIZ+AII+BR1+AI 4 BRI

CI4=ARI*RI24ARA*XET4+ATILERR+AT ¥ ERA

AR1=CR1:AR2=CR2: ARI=CRI: ARA=CRA: Al1=CI1: AI2=CI2: AIZ=CI3: AT4=C14
MEXT M

2=1/Z2F (F~1) ‘
YINR=Y2# (AR1“Z-ARI 2+A11°2~A1F"2) / ( (AR1+ART) “2+ (AT 1+A1T) *2)

YINI=2%Y2#% (AT 1 *ARI-AR1 #AI3) / ({ARL+ARS )24+ (AT THATIY2)
ZIMN=1/SRQFR{YINR"24YINI"2}

=2%P1£ZINXC/OM(P=1) /Z01/4

FRINT" ZIN L
PRINT ZIN,L,OM(P-1)./2/P]

PRINT Y12R Y121
FOR M=1 TO J-1

SIIF(FP-1) ) %81

2=~A13

Fusc.
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COF.

|
!
|
I
|
l
I
|
I
l
l
I
I
1
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810 ARI=COS(BI (M) D) »COB(R2 (NI KD2) ~(ZIF (N ZZ2F (M) +Z2F (N) /ZIF (M) Y #SIN(EL (N) DY) »
SINRZ (M) ¥D2) /2: AR4=ARI .

- 020 ARZ=0: ARI=ARZ .

830 AI1=COS(E1 (M) #D1) *SIN(BZ2 (M) ¥D2) +(ZIF (M) /Z2F (N) +Z2F (N) /Z1F (N) ) #*SIN (R (M) #D1) %

COsip2 (M) xD2) /2: AT4=-A11

8B40 AIT=(ZIFIN)/Z2F(N)—Z2F (N) /Z1F (N) ) #SIN(R1 (M) #D1) /2: AI2=-RI3

850 BR1=AR1:BR2=AR2: BRI3=AR3: BR4=AR4: RI1=AI1: RIZ=AI2: RIZ=AIZ1RI4=AT4

860 FOR I=2 TO 1S

870 CRi=ARELERIAARZEERE~-AT I *HI1-AT2%RIT

880 CRZ=ARI1*EBR2+ARZ*ER4-AT1*RI2~AIZ¥EHI4

890 CRI=ARI*ER1+ARGEEEI-ATIEHI 1 -ATARRIT

F00 CRA=ARIXBR2+-ARJxBRI~AIX4RIZ2-ATI2RI4 \

10 CIi=ARI*EI1+ARZ¥RITHAT $ #ER1+AT 28RN

R0 QI2eARISBIZEARBRBIACATLEBRELALIZNBRA

P30 CIZ=ARI*EI1+AR4£EIZ+ATITXER1+AT4%BR3E

940 ClA4=ARI*RIZ+-AR4*EIA+AIT*RR24+AI4xER4

950 AR1=CR1:AR2Z=CR2: ARI=CRT: AR4=CR4: A11=CI1:AI2=CI2: AIG=CII:AT4=CI4

Fa0 NEXT I

Q70 Y2=1/Z2F (N)

80 Ri=(AR1#ARI+AT1I#/IR) / (ARI“24A11°2) tRI=(AR1 *AIZ~ARI*AI1) / (ARL2+AT1"2) : k=8OR (
FR™2+RI™2)

20 YINR=Y2¥ (AR 1 2-AREC2HAT1“2-AT32) / (AR TCARD) 24 (AT 14ATIR) - 2)

1000 YIMI=LaRe (A1 EARE-ARIEATIR) A CAR1IFART) “24¢ (AT 1HATZY 2)

1010 YIZ2R=2¢Y2"2£YIME/ (Y2008 (B2 () 1) ~YINI®GIM (B2 (M) #L) ) "2+ (YINR®SIM (B2 (M) L))
"'Gz) s

1020 Y1ZT=2#Y2¥ (YINIxYR¥COB (2¥R2 (N L) —COS (H2 (M) #L) #SIN (B2 (N) #L.) % (Y INRS2+YINT2-
2021 ) L COC2RCOS (R (N) ¥L) =¥ INT#STHIB2 (0D L) ) 2+ iVINREXSIN(R2 (M) L)) 2)

1030 PRINT YI2R,YI2I R

1040 NEXT N

1050 FOR Q=3 TO N

1060 FRINT ZIFC(R) 3 Z2F ()

1070 NEXT @

1080 END
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1.1979960E+10
1.1999950E+10

- 86 -

1.234a85220~-02
1.2042613D-02
1.1360861D-02
1.1116361D-02
1.0720713D~-02
1.0378404D-02
1.0091796D~02
?.8613853D-03
?.6865623D-03
P.5662541D-03
?.4991671D-03
?.4840303D-03
?.5196838D-03
?. 6050674D~03
Pe7391566D-03
?.9208381D-03
1.0148699D-02
1.0420724D-02
1.0734067D-02
1.1084567D~02
1.1466444D~02
1.1871806D-02
1.2290478D-02

~2.7191444D-03
~2.8270893D~0F
~2.827033550~-03
=-2,7363782D-03
-2.8718304D-03
-2, 3485525D-03
~2.0797268D-03
~1.7765391D-03
-1.4483436D-03
=-1.1031380D-03
=7.4771083D-04
-3.8811443D-04

=2.9973980D-05

3. 2137477004
6.6046482D-04
?.8164399D-04
1.2788113D-03
1.5453208D-03
1.7740678D-03
1.9574524D~03
2.0877062D-03
2.1572473D~-03
2.1593675D-03

.. = me-

Q.121458

Q138491

0.15344
0. 146655
0.17776
0.18710
0.19461
0., 200349
Q.20433
0.206564
0. 20732
0.20643
0. 20402
0.20016
0.19492
0.18837
0.18058
0.17164
0. 146162
0. 15062
0.138749
0. 12607
0.11272





