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Abstract

By applying a 3D printer, which has rapidly been attracting attention in the last few years, we
fabricated a small-aperture horn antenna, such as a pyramidal horn, ridged pyramidal horn, and
corrugated conical horn, and present the results of the measured radiation characteristics. These
antennas were designed by means of the aperture field method or numerical solution, and the
dimension data were input to the 3D printer and fabricated by laminating resin. Next, these resin
surfaces were coated with conductive paint, and the input impedance and radiation pattern were
measured, after which the results were compared with the theoretical calculations. We confirmed
that there is no problem in the reflection characteristic by applying conductive paint on the same
flat resin board and measuring the reflectivity of the conductive paint that is attached to the open
side of a waveguide. The electrical performance of these resin antennas that were fabricated by a
3D printer had almost no problem in comparison with the conventionally produced antennas, and
we could show that estimating small antennas using a 3D printer can be performed cheaply and in

a short amount of time.
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Fig. 1 Parameters of pyramidal horn (L: H-, R: E-
plane)
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Fig.3 Photo of resin pyramidal horn fabricated
by 3D-PRT (upper—left: CAD model,

before, lower: after painting)
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Fig.4 Measured return loss characteristics of

pyramidal horn in Fig.3 at output port of

coaxial-waveguide adapter
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Fig.5 Measured radiation field of pyramidal horn
in Fig.3 (from upper 8, 10, 12 GHz)
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Fig.6 Outline of pyramidal horn with double—

ridges
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Fig. 7 Photo of resin pyramidal horn with double—
ridges fabricated by 3D-PRT (after painting)

b IV, CHERICHET D L. T U7 RIS
G=4nA/)\? L =178 dB;

RS D, 7k, BUEL AR — v OFEOHE
EEREH A LRAZE 1 LN ORSEE L > T D,

X 5 (XX 2 OBREG A RS RIS 5 FEHE S S —
Th o, RXOEMN E-, AR H-EH A Z—BLO
RAEMBEFETH D, B DREIER MR 8, 10, 12 GHz
D EERLTND, MH L GHERKRMEEZ 0 dB & LTIE
BALL TV 5D, BEEREICHARY A R — 7SI ER= N
SILBA, BEEEA L3k &% LT\ b, Hofss
Z— 20X, BRI 2 R EREORES R LT
%, ERENOIFINLE-20~-30 dB DL 72> TEY
Gl — LFRRE L AfgEind,

3. Uy litfatR—>

U AR E T IRENEE S & daE T 5 BT, &
(ZHZERE OBREED A, &2 WIFmEANC Y v D&%
L7zt THD [4, p.3b63, Tab. 1-13] , fiE~-T, %

% ] > e w b0 . % ] >
angle [deg) angle [deg)

E-plane H-plane

K-8 VU v ftAdER—r (K 7) OEREGK
B (E»S 7,10, 13, 15 GHz)

Fig.8 Measured radiation field of pyramidal
horn with double-ridges in Fig.7 (from upper
7,10, 13, 15 GHz)
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Fig. 11 CAD model and dimensions of corrugated

conical horn: type (a)
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Fig. 13 Measured radiation field of corrugated

conical horn in Fig. 12 (from upper 10, 13, 15 GHz)

FE— & A 7 LRERIC, FO0BEEREST £=10 Glz
ELTEBY, BT N=11 Ths, BHOE., iRkixfx
1% 112.5, 60.5 mm ThDH, AJJA 2 E—F 1 AL 8-12
GHz &3% < -15 dBU T &> CREFRFHEEZZLT
WD,

X 15 1 3ABHE T T F D7 — U E R R &R L5
BHThHD, ZOMBPEEK 16 (27T, RKOLEMA E-H,
FAA Ut /35— T b | H-l IR 2w R © OF
L ThD, ANImOEZERE T WR-90 & TH Y |
JEBE X 8-12 GHz Th D, E-/H-m & b KMEE 0
dB & LTEHL TWD, BUTIIRL TW WA, AT
A E—=F I E -15 dBLUTF &> TW5, Bk
DNAT Yy RE—RKEZATELWLURT, Fa—o ¥4
DAy — hR—Fxa s — 7 4 ORI HHEEIC
BRHBMNERTE D, AHER—VHAEOE®mDOY A K
0—TRHEIANA T Y v RE—RZ A T ERBRICKEL
YWEINTEY, £/, WETOE—2OXFHME, ©—
LRSS AV — N T T T OREE R LT
Wh, —F., REREREIZERE 25 LE 20 £ dB
Lo TEY, AMiF— IV RWEIZE X2V, 3L

M-14 =2y — MMIA#ER—r o 247 (b) ©
CAD &5 )V & ~HE

Fig. 14 CAD model and dimensions of corrugated

conical resin horn: type (b)
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Fig. 15 Measuring photo of corrugated conical

resin horn: type (b)
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Fig. 16 Measured radiation field of corrugated

conical horn in Fig.15 (from upper 8, 10,12 GHz)
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Fla) = /0 " exp(—itd)dt = C(z) — jS@) (D)
P (z)= eXp\/(;D/:O exp (—jt%) dt
- \/Z/:o exp (—jt*) dt (8)
Fya) = P %”2)] / Texp (i) dt ©)
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B, Gl TEELT L, B () KB THERND &
912, Fresnel Fi5r DR X 2 DD EEFE /15 LT
BV BRE, UL, F(z) &% e Bilos it s = b i
IOFLE S biz72vy, ZAULFE K exp(jka) % cos(kx)
&osin(kx) IZBEL N2 & bEZ B,

S THRANS, BIEA 0 D Fy () D% KD %, Laplace
BHZfE D CEDICHEBBELN LN, ZOMERTITERA
THEFEBALEM > TEHT 5, EEEORSICH LT,
BHEMDERB L TRHAET 26 TH L, £,

Pﬂm&@)wﬁfnémﬂp(ﬁ%ﬁ(w)
TR I = [)7 exp (—jt?) dt Z#Rd D720, RO K S 72
BERBEDETR I, 17 3R C 2R LicbDTH
D, 20 C &AL TEBR exp(—2?), z=a+jy %
BT %, Zokx, ROBEBRAEZRD,

R
_ L2\ 7. 2
O—/Cexp( z%)dz /0 exp(—z~)dx
+/exp(—22)dz+/ exp(—2z%)dz  (11)
r BO

ZDFE 2HIZOWTIE, BONHEETLIZ 2 THLT
WD L ITHRET 5,

/Fexp(fZQ)dz

w/4
R/ exp(—R? cos 20)d0
0

I, =

/4
jR / exp(—R? + j36)d6
0

<

/2
= R/ exp (—R2 cost) dt (12)
0

SHIC, t=7/2 —u EBWTERERT D L

w/2
R/ exp (fR2 sinu) du (13)
0

/2 2R? i 9
<R/0 exp (—Wu> du:ﬁ [1—exp (—R )]

25D, TNT, R— oo T2 EEZEONIT0 &2,
HEHETHDDOT I, =0 L7225, &KHNT, 5 (11) Ko
FiDEE 3HEDOFEMNIH LT 2 = rexp(jm/4) & EHIEH
T 5, Ziu, dz =exp(yn/4)dr THDHDT,

I3 =exp (]%) /RO exp [—r2 exp (jg)} dr

REYN S
2 Jo

ERHHEND, B 1 HOBYIE

exp (—jr’) dr (14)

R—o0
I :/ exp (—2?) dz = /7/2
0
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I=Rexp(j8), 8<0<xld

O A

K-17 oK :C=0A+T +BO

Fig. 17 Contour of integration: C = OA4 I +BO

Lt sn o, F (1) RTmAmic

1 . R— o0
0= \/Q%JFO\J/%] exp (—jrz) dr (15)
0

s, TREY ., B TIFUGUTRMii S D,

Y o VA G
If/o exp(—jt°)dt = 5 exp( ]4)

= @(1 - J) (16)

BN, Fy(z = 0) DI

Fi(0) = B(0) = | an

LD, ZHEHHERMENEREZEF > TV, FFm
EET SR AR OBIC BRI BT & A (edge) %
BRI D aEiE & LW EIRIC B C & D, ZOBER
FoREFROMIE EXOEE & D, FER ETT R LF—
DNy DIEIC 72> T D, £z, 5 (16) RoOFERE M2
[T =)0 fy Thoanb, BEbiC

Fi(z) = 5 =/~ F() (18)

DOEBENELND,
Fresnel F&4) O %t FrM:i

F(z) + F(—z) =0,
F1($)+F1(—£L') =1, (19)
Fy(z) + Fy(—x) = exp(jz?)

ThHzboN5, ZOXOFERIIEHEZ2DO TEHIET 5,
EIR D[P HR 2 KD D WIS O LS ML 7R
DGEMNH D, TAUL,
0 1 [ 0T
%Fl(x) = —ﬁexp {—] (a: — Z>]’
0

1
%Fz(x) = j2zFy(x) — ﬁexp (]%) (20)
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-1.0} - F(x)-F(x) .
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X

[X|-18 Fresnel F&%y O Wi ¥ B

Fig. 18 Accuracy for asymptotic solution of Fres—

nel integral

DOERERFHE SN DO T, Fy(r) OWALRITRO X 5 RBIZ, bo LEELRWE LR D5 BMPREVEDS
2%, &, DEY Fresnel MY OWHIRHEZS X 5, ZHITIE,
oy [ exp (—jt?) dt \CEHATES RIERN S Z Lo &

B (2) = j2a " V(@) + j2(n — )R (2), 0.z OWHBICER S N WERDS B BND T L &R
AT, 0+ mE — [\ 2 SOFMICHTTE
n>2 (21) Z 5. FIOIT, T — 0o DFAEIT
Bl BN EW <1 D& EDORH (Taylor) JEBHA R / exp (—jt*) dt
HTHEL, ZaUE, exp(z) =Yz /n! ZFHT L L. :T [_exp(—jﬁ)}oo - i /oo eXp(_jt2)dt
j2t . J2 ). 2
xr OO (_jt2)n o0 (_])n /a: o 67]-12 1 efth oo ooefjtz
F = - =
(z) /0 T;) Tt 7;) ) 2 dt Tkl o) 3 +3/E ot
O (i p2ntl —ja? —jz? —ja? oo ,—jt?
:Z(Jl):v (22) _< 6123 3@‘35+ 1.53/66(#
— nl 2n+1 Jj2z  (—j2)%x3 (—j2)325 (—j2)3 ), ¢t
~ (25)
_ 1 zexp(jf) (—ja*)"
Fi@) =3 NG Z nl(2n + 1) (23)
n=0 , kv, F(z)3kATHEZBND,
- 2 - (T o - 2\n
exp(jx rexp |J (g+e —Jx
™ — n! (2n Fl(m):exp 7 (5 — %))
(24) . jemx 5 5
VT {1+2(—jx2)‘1+4(—jx2>‘2+8(—jx2>‘3+- & }
MEFIEND,

(26)
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Z T, SISO Gamma B%K
1 (2m)!
F<m+2> = e VT @n
FHAWA L, RO X HITFHERTX A,
— i (T2 >
Fi@)~ 20T 6] (m#5) =ity

2rx
m=0

Fo(z) ~ eXPQ(W—mJ%) Z r (

m=0

3

+ ;) (—jz®)™™ (28)

T — 0o DRRMETIX, Fi(x), Fo(r) DELEEIITILIC
0 (T %,
BAOERKIZ ¢ BESL<GET. FTORHMENME 2
Do, DFEV. (28) ROMEFOIMIFHEIZ 2> TN D
T, |z] 200 D& &

Fi(z)~U(=z) + F1, (29)
Pl 2 02
Fy(x)~U(-2) + Fy,

()= exp 271:;77/4 Z r < ) (—jz?)™m

m=0

kb, ZZC, U(r) iX Hevisides @27 v 7E¥C

HY

1 for 7>0
U(r) = { 0 for T<0 (30)

TEHEIND, = —coD L&, AT v 7THAEDEHEET
Fi(z) & Fy(z) 1 1 ICB0RT 5 = & 834575, 18 1%

Fi(z) — Fi(z) &5 (1) XD Fi(z) 2 L7=b O TH
%o RXTIXEHER L EETIC T TCTry FLTH S,
TAGBEY . |z] > 200 15 Fi(z) — Fi(z) 1ZU(-2) i<

Llyﬁbfu\éo 7ok, Fy(z) iEm =0 OFER T Ol %
HAuvtna,

{18% 2 #i5% Fresnel &5

— R 4EE BB D Fourier Z#iiT sinc BIEUT 2 %,
BEFE 5 B IS — AR 22 BT B D WL BRETE 40 A1 D5 A 1
T TN — N sine BEISAR V  BEREE 0% A T
JAEE AT T LD sine BAEIC2 5, i b AL FRIH
D= CIRIBICEAN RN EETHD, TiE, KIE
WAL DD L &L SR D DM

F9. BK, (u) ZEARLEEE, T72b5 sine B
EEE L, TOHROEREDLEE LTES, i
NAHEED BRI O 1 IRBIHCTH- 2 B AVIRIE BSOS Bk 2 18

_12_

iﬁ@%é}@%% (ZHY T 5, AARZEAL DS FLBRRIFE RO D e
LA T BRI AG . D F 0 HELAR O RIC X 2RI
m%% TD L HETES IR OB K, (u) OEOER
BAbLETEREROHILR D 2 VT AN T REND, B
% K, (u) DEFEIT

1
K, (u) :/At" exp(jut)dt (31)

T‘éz%ﬂ’bé Wi b2 RO BEEOEARN 2 FETH D
IR EED &

1
d
K (u)= / t”ia (exp(jut)) dt
1 n ! n—1 .
= ]u[ exp(]ut)] " / X """ exp(jut)dt
- 7u {exp(ju)~(=1)" exp(—ju)=nKy-1 ()},
n=1,2.3, - (32)

LRSS, ZZ2T.n=0D
Shd,

LA Ik o K5 IZEHE

1
Ko(u) = / exp(jut)dt = 2sinc(u), (33)

-1

sinc(u) = sin(u)

u

Ero, Ko(u) Du=00f, BEO|u<1DLx0E
FRERDTHL L.

K, (u=0)= t"dt = 1— (=1 34
(u())/l -} e
(|<<1—/1th jut)m
u = s -
-y (7“)' / Mt (35)
m=0 m: -1
c- (Ju)m 1 n+m+1
pr— 1_ -
mZ:o m! n+m+1{ (1) }
DEIITD,

PARTEZ 1 IRE CTEIE LI-FmT B0 K, (u) T
KINd, Inx 2RETIERLIEGEEE XD, R
IEAMR D Fresnel fE5 Ok & 72V | Fresnel f5r %
Ho b KRS Z LTS T H DT, H5k Fresnel
FE EMEA TR, ZAUINIHEEZ 2 KBS E THERB L T
WAHDT, WELA S 2 WITHAROBEIX L RO LD &
DHHETEX D ENMIRTE D, EBEOMITTIL, 2K
FrEATERIND 2 kithimlZ X 2 EHFROFHICHLE L
725 [3],
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B-19 JE3R Fresnel 4y Hn—o(q,u); q,u >0
NS Y=Y

Fig. 19 Extended Fresnel Integral H,—o(q,u); view
from ¢q,u >0

4. B H,(q,u) %R TEET 5.

1
H,(q,u) = /_1 s" explj(gs® + us)]ds (36)

Z DFES \%5‘6@ Fresnel f&/y CTER I 720, 1 4722
BHD% **’\%:)ﬂb\f{%ﬁﬂ:ﬁ%?k&)é ESSEN
(36) EWD?E%(%% qs? +us = 0t?, § = sgn(q) TEHT
Do TOEE, s=t/\Jqg—u/2q &2V, (36) RTkD
O EBmSND,

Hy(q,u) (37)

_eplget/g) (B a\'
= Jll /T <\/|? 2‘1> P

ZDES ORI EATRD) Z LIk, UTIERT X
Iz Fresnel%; TCRTIENTE D,

_ol(—ju/@a)] (Mt w
t U 71711 d )2
(\/m — 2(]) oo dl exp(jot®)dt
:(WW/Tl tow\"
J2q rn, \]d 24

%exp(gétz)dt

uexpl_ju?/(4g) /Tﬂ( : u)
j4q\/@ Tz \/@ 2q
% exp(jot?)dt (38)
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X-20 JE3E Fresnel #5y Hp—o(q,u)s q,u <0
Ny (]

Fig. 20 Extended Fresnel Integral H,_o(q,u); view
from ¢q,u <0

ZOHBLE 1IHIIRO LD ITHETE %,

n—1
exp[—ju®/(4q)] t u ,

\/I? / ( )n_2eXp(j5t2)dt}

_ explj(g +u)] — (— 1)" "explj(g — u)]
J2q
Hn—?(q, U) (39)

T

n—1
J2q
Fiz, FHB2HEHEFKRADOL IR D,

e ()"
j4a/ldl /T PO\ 2

-exp(jot?)dt
u

= _?anfl(qa ’LL) <4O)

Pt THRAEIIIZ, (36) D JLsE Fresnel 55y Hy,(q, u)
IR D &5 ik X TERT &N TE D,

H, (g.u) = SPU@ )] - (;21;"‘1 explilg = w)] 4y
_%anl(qu U) - % n72(q7u)7 n= 27 37 47 e

7272 L. Ho(q,u), Hi(q,u) TEHRRNI YV EHLTOXL
INIRD BB,

Ho(q, u)= /_ expli(gs + us)lds
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— — (42)
q
{C(Th) — C(T2) + 4o [S(Th) — S(T2)]}
Ti=/ldl (21;+1 , :M(ZZ—Q,
= sgn(q) .
exp —j“—q T
= =24 - ) /. ( v 2q> exp(jot?)dt
ex _ju Ty U
= P |qj "> /Tz texp(jétz)dth—qu(q,u)
= epj;qj4q> [exp(jétz)}i Ho(q7 u)
_ expljlg+ u)]j;;xp[j(q —u)] Q%Ho(q, )
= S2UD ) — 2 to(g. (13)

ZZ T, q:Oﬁ)c‘:%liH (q:O,u)z
RIZLENTE, KOXHITERASIND,

K,(u) &7 %,
u) 1X Kp(u) T

~—— expljus]ds
m

1
/ s" 2™ expljus]ds

¢ ¢
- 7Kn+4(u) - ngn+6(u)

s 2
Kopo(u) +--- (44)

. q

B Hy (q, u) IZAMED X 512 Fresnel %y F(T) T
I, F(T) 132 HERUT Pl CHRIEFHE T & 5 0 TR
il LTid, REMECRZGn, LML, BELED
Ry FRRICE > TUIHERKRE LS D HEAERH DL, =
DEENTA=H qu DEPREL72->T Y Hy(q,u)
DUIVHPEDFRRIZ 720 | i b CEkIEZ R 5 & FEZEN
BETHEN DD, DX D754 Fresnel 50
HEBELZRSTHIEBMEICR D, K-19 B LTV-20
B Ho(q,u) D/ST A—4 qu % 0~50 TSt
el 2otz 4 n=0T7ry FLIELDOTH S,
X-19/20 ® g = 0 OEILATHR O D AL N Z — 2 &
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o TS,

FDIDF
7 )V—F % FORTRAN S35 C. &

Fresnel f&4y1%. WEFGH COMNHEDOIEARBEH TH 5,
(1) XKoo C(z), S(x) DEEAELUZ L BH
(41) X.OYEE Fresnel

FR53 13 MATLAB S35 TH# L Th <,

SUBROUTINE FRENEL (X, C, S)

PI=3. 14159265

SIGN=1.

IF (X. LT. 0. ) SIGN=-1.

X=ABS (X)

SQPTH=SQRT (0. 5%P1)

SQX=SQRT (X)

IF(X.GT.2.) GO TO 20

T=16. —Xsk4

AA=((5. 100785E-11T+5. 244297E-9) *T+5. 451182E-7) *T+3. 273308E-5
AA= ((AA%T+1. 020418E-3) #T+1. 102544E-2) *T+1. 840962E-1

BB=((6. 677681E-10%T+5. 883158E-8) *T+5. 051141E-6) *T+2. 441816E-4
BB= (BB*T+6. 1213E-3) *T+8. 02649E~-2

C=X*AA*SQPTH*SIGN

S=Xs#k3*BB*SQPTH+S TGN

RETURN

T=4. /X**2

AA=((-6. 633926E-4+T+3. 401409E-3) #T—7. 27169E-3) *T+7. 428246E-3
AA=((AA*T-4. 027145E-4) #T-9. 314911E-3) *T-1. 2079986
AA=AAXT+1. 994712E-1

BB=((8. 768258E-4%T~4. 169289E~3) #T+7. 970943E~3) *T—6. 792801E-3
BB=((BB*T-3. 095341E-4) *T+5. 972151E-3) *T-1. 606428E-5
BB=(BB*T-2. 493322E-2) #T+4. 444091E-9

SINX=SIN (X*X)

COSX=COS (X*X)

€=0. 5%SQPTH+2. *SQPTH* (SINX*AA+COSX*BB) /X

$=0. 5*SQPIH+2. *SQPTHs (~COSX*AA+SINX*BB) /X

C=CxSIGN

S=S*SIGN

RETURN

END

% Extended Fresnel Integrals using MATLAB

clear ;

% input

Nmax = input(Cn = 7) ;
Qmin = input len =)
Qmax = input(’Qmax = ") ;
Umin = 1nput(’Um1n =)
Umax = input (Umax = ) ;

% Fresnel (x) = C(x) + JS(X)
QQ = (Qmax - Qmin)*10 + 1 ;
UU = (Umax - Umin)*10 + 1 ;
% data area

T1 = zeros(QQ, UU) ;

% data area for ’Q’
% data area for U’

T2 = zeros(QQ, UU) ;
cl = zeros(QQ,UU) ;
c2 = zeros(QQ,UU) ;
sl = zeros(QQ, UU) ;
s2 = zeros (QQ, UU) ;
HO = zeros(QQ, UU) ;
H1 = zeros(QQ, UU) ;
Hn = zeros(QQ, UU) ;
% HO, H1

for uu = 1:UU

for qq = 1:QQ

q = Qmin+(qq-1)/10 ;

u = Umin+(uu-1)/10 ;

if abs(q) = 0.01

[CK] = msinc (u, Nmax+8) ;

HO (qq, uu) = CK(1)—0. 5%q2*CK (5) +q4*CK (9) /24
+i%qgk (CK (3)-q2%CK(7) /6.)

if Nmax O

H1(qq, uu) = CK(2)-0. 5%q2+CK (6) +q4*CK (10) /24.
+iskqe (CK (4) —q2%CK (8) /6. ) ;

Hn(qq, uu) = CK(Nmax+1)—-0. 5%q2%CK (Nmax+5) +q4*CK (Nmax+9) /24.
+ikgk (CK (Nmax+3) —q 2%CK (Nmax+7) /6.) 3

end

else

T1(qq, uu) = sqrt(abs(q))*(u/(2.%q)+1) ;
[c1(qq,uu), s1(qq, uu)] = fresnel2(T1(qq,uu)) ;
T2(qq, uu) = sqrt(abs(q))*(u/(2.%q)-1) ;
[c2(qq, uu), s2(qq, uu)] = fresnel2(T2(qq, uuw)) ;
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delta = sign(q) ;
CS = cl(qq, uu)—c2(qq, uu) +i*delta* (s1(qq, uu) -s2(qq, uu)) ;
HO (qq, uu) = exp(-i*u2/(4.*q)) /sqrt (abs(q))*CS ;
H1(qq, uu) = exp(ix*q)/g*sin(u)-u/(2.%q)*H0(qq, uu) ;
end
end
end
% Hn
if Nmax ==
Hn = HO ;
elseif Nmax == 1
Hn = H1 ;
else
HnO = HO ;
Hnl = H1 ;
for n = 2:Nmax
for uu = 1:0U
for qq = 1:QQ
q = Qmin-1+qq ;
u = Umin-1+uu ;
if abs(q) 0
HNT = (exp(i*(q+u)) —(-1.) (n=1)%exp (i*(q-u)))/ (i*2.%q) ;
HN2 = -u/ (2. *q)*Hnl (qq, uu) ;
HN3 = = ((n-1) /(2. *qg*i))*Hn0 (qq, uu) ;
Hn(qq, uu) = HNI1+HN2+HN3 ;
end
end
end
HnO = Hnl ;
Hnl = Hn ;
end
end
%
%
function f = func fresnel (x)
¢ = zeros(size(x));
s = zeros(size(x));
7z = X.2%pi/2;
casel = (0 (z-4));
case2 = ( casel);
%
% casel
z1 = z(casel);
cel = cos(zl);
ssl = sin(zl);
z1 = 4./21;
al = (((((((8.768258¢e—4. *z1-4. 169289e-3) . *z1+7. 970943e-3) . *71-
6.792801e-3). *z1. ..
-3.095341e-4). *21+5. 972151e-3) . *¥z1-1. 606428e-5) . *¥21-2. 493322e~
2).%z1+4. 444091e-9;
bl = ((((((~6.633926e-4. *z1+3. 401409e-3) . *z1-7. 271690e~
3).%z1+7. 428246e-3) . *z1. . .
—4.027145e—4) . %21-9. 314911e-3) . *z1-1. 207998e—6) . *z1+1. 994712e—

13
z1 = sqrt(z1);
c(casel) = 0.5+z1.%(ccl.*al+ssl.*bl);
s(casel) = 0.5+z1.%(ssl.*al-ccl. *bl);
% case2
72 = z(case2);
c2 = sqrt(z2);

s2 = z2.%c2;
722 = (4-22). % (4+22) ;
c(case2) = 2. % ((((((5.100785e~11. #72+5. 244297e~

9). %22+b. 451182e~7) . *22+3. 273308e=5) . %z2. . .

+1.020418e-3) . *z2+1. 102544e-2) . *z2+1. 840962e-1) ;

s(case2) = s2.%(((((6.677681e-10. *z2+5. 883158e-8). *z2+5. 05114 1e~
6). *22+2. 441816e-4) . *z2. . .

+6.121300e-3) . %22+8. 026490e-2) ;

c = abs(c):

s = abs(s);

%

casex = (x 0);
c(casex) = —c(casex);
s(casex) = —s(casex);
s = —s;

%

f = ctlj*s;

end
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