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set samples 1000 SUTEESTHY, AAEE # Jo7ERHET D RDBDERTE

set grid FAR—EOD ¥ LRIC 4 DS TEBITHIREEDIFE
0.0 | # YMHARRIE 0 RITHEES B

plot real(exp(j*(w*t-b*x))+g*exp(*(w*t+b*x))) with line, ! N \,‘ # TR (ASHR+RETR) ZF#RcHc
abs(1.0+g*exp(2.0%*b*x)) with line Iw 3 # TNO—JEARMETHC

pause -1 °Hit Enter key to start animation. ..’ # Enter N SNHFE THIET 5

load *animation.gnu’ # animation.gnu Z 5tAAL
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reread # EAID load ATV FDOABEBIHAH
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(2) £ 8 DatHENE CHN AN THIED IE A —F L A5 T5, FIEDIETHD 1=4.0 cm, VSWR=1.5, [,y;=1.48
cm ZANUTLE, BIRAVEIEN 2i=473419.7Q (50Q R) E15bILamERE L,
(3) TN TEL CHIE E,F, G, H, LI FliZae—L, AfHFEnaZ22 aicL T,
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LR =3e8, FfzlE =3*10"8, FF=IE =3*power(10,8)  CF) TV THXANTBIZENT=(ALa—=)L)EAND
FEZE =PI(), F£f=(&, =ACOS(-1), Ff=IE =3.141592  (F) TUt)L DHRAABEE - KSCF-/INSCF D XA [E750
AIFEZE (FIREIEED) — BIREDIZE =9.958¢9
— BIREDIZE =22.9¢-3
BHHRZEMRE = BA&
BEREE = R©O)
HFEZEENER) — BIREDIZEE =4.0e2
KAEESR = (10
AIFEZIE(VSWR) « BIRBDIZE(E =1.5, BIETIE =10(| &=/INdB]|/20)
AIEHEGDRDEE) — HIREDBEIE =14.8¢3
BERFBIERS = RIYENKRCAERE)
REHRHOHEIE = K(©5)
REMRBOCHEAE(GOTY) = H(6)
REMRHBOCHEAE (E) = BAL
REHRBDZEL = EX L
FREMEHOESD = EAK
FRIEBRAVE—F D ADEER = XQ)FSHE (Vb FEIEL TEEREEIIZHNTS)
ERIEERAE—F U ADEE = XQ)ESHE
BRAVE—FUADEE = KE)IZHWLWTHEHEAE—F R Z-50Q ¢ 5
BRMVE—SFVRADEL = XE)IBVWTHEAVE—4 R Z=50Q E9 5

A B @ D E F E H I J
1 vfde JanZ2012 Impedance calculation sheet Input measured data or theoretical values in colored cell
2 Example 2.4 Shor‘t(meas.)| Openlimeas) Load [meas.)|
3 |Light velocity [m/s] c 3 00E+02 300E+08  300E+08  300E+08  300E+08  3.00E+08  300E+08
4 Pai it 3141593 3141583 3141583 3141993 3141383 3141583 3141583
5 Freguency [Hz] f 9 958E+09
6 Waveguide width [m] a 002290
7 |Freespace wavelength [m] Ao ooaoia | [ worwsor T owonvsor T owpresor T owonesoe T ospivsor T o#prvso
8 |Guided wavelength [m] (calc) Ao 004000 | [ #orvior T oepnwsor | owDivior T wDnv/Or | #DIVADL | #DIV/O!

Gompare “C8” with "C107. T T T T T T T

If large difference is obtained, it is a Compare Compare Compare Compare Compare Compare Compare
g measurement error l J, l l l ,L l
10 (Guided wavelength [m] (meas.) A 0.04000
11 |Phase constant [rad/m] 8 15708 | [ #onesor [ o#onvsor [ owonvsor [ owonesor [ o#onesor [ o#onvso
12 “Woltage standing wave ratio SR 150
13 Woltage minimum length [m)] . 001480
14 Normalized length S/ A 2 fon/ Aal o370 | [ worvsor [ o#onv/or [ #Drv/or [ owDrv/ol #D0V/0L [ #DIV/O!
15 Absolute reflection coeff. T 0200 | | -1000| -1000|  -1000 |  -1000 -1000 [ -1000
16 Phase angle of [ [rad] & 7781 | | #DIV/OL | #DIv/OL | #DIv/OL | #DIv/Ol #DIV/01 | #DIV/OL
17 Phase angle of [ [ ] & 8640 | | #DIV/O1 | #DIV/OI [ #DIv/0l | #DIv/OI #DIV/01 [ #DIV/O)
18 Real part of [ Rell] 0013 | | #DIV/O1 | #DIV/OI [ #DIv/0I | #DIv/0I #DIv/00 [ #DIV/0
18 Imaginary part of [ Im[I] 0200 | | #DIV/ON | #DIV/OL | #DIv/Ol | #DIV/O! #OIV/OL | #DIV/OL
20 Real part of normalized impedance [£2] Relz.] 095 #DIV/0! #DIVv /0l #DIV/ 0 #DIV/ O #DIv /0l #DIv /0l
21 Imaginary part of normalized impsdance [52 |Imlz.] 03s | [ #orv/or [ oeonvsor [ owoiv/or [ #Dhvsol #Dlv/0 | #DIv/O!
35 |Real part of impedance [$] Relz.] a730 | [ worv/or [ #prvsor [ wDnvior [ #Dnv/Ol #DIv/0 | #DIv/O!
23 Imaginary part of impedance [£1] Im[z,] 1967 | | #DIv/00 [ #DIv/O! | #DI/O | #DIV/O! #DI/OL [ #DIV/OI
24 # I 7C3-C237 is copied to "EA-J237, then rerative equations are copied too
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3-2. ETLRIEER/ \F— DIEE

KB)a Ay, Bl A HOBEEEmm] 100 < x < 190, #EHHZER V [dB] -50 < V<0 #L-57C 3 &N ER/ \3— %
HEE &L, 72770, BEEE 9.4 GHz SL, Bl A~ 17A1X a=22.9 mm, 5=102 mm T TE; 0 B—Nmked 5, HHZEMEE
Zho =c /[ (clETT U RECHEFEMA D celeritas DI ET DL, BRERAVRE IR M139), MAHEEBIF(10)THZ 5
N5, T &0 OHFREIER 9 2T DL,

4
A= 2 ©)
1~(4/2a)
2
p= Z (10)
| = x[mm]|  y=/f(0].0.8.%) | 20log, (/)
= 100 | ={1+[r] +2|r|cos(@-2p8x) | =201081 (/)
A= 101
. 102 #Htar— st —

| xEar—d amcs
190 DHBFSEEL. [, 6,
(XS RBIZT 5,

9. Bllim A — AR O/ —MERWI, TNE 0 138BdEZ AL, & pI3EEE AL THRL,

(4. 1EE4]
4-1. RZRFr—hMILBHBFAE—F D RiBH[4]

10 1R T SN SRR ARFI R LT AI AT — M W CH AR LB — X AEEITE D, Z2 T, k2 OfiliE2.4
MOBAIAT v —MEBI SILBR NG A—FZE L, AZRFYr— oAU E—F U REEHT 5, UL FICHiEFIEZ 7~

(1) VSWR (ZFEY DM D455, VSWR DIEIFEEZBREONT-EIND R/Z, DHUEIZFLL (F-ETIE 1.5),

VSWR >30 DEXHIT BRI EZ X TE, 9K, VSWR =00 DEXIFERR B THD,

) BFEEFLEL T VSWR ICHY 9524,

() feSwD iy NRE RO IR ET B,

(@) ARED SRR 72 BREE Lin/he (BIRE T 0.37) 72 AT AT EHESE 2,

(6) [EMASETLED DRI CHEMRE 5 1E, ASREBIEZ e, (BIRETIE 2=0.95+]) 0.4 235534 UE OK)

(6) FCi B BEADPERHMIEIZ DU T, BIRELFRHCIL T 9 2B EICAIAT v — oA B —F L A5 D,

Im[T]

(5) Draw line to origin and

read the coordinate cross 0.37
point y AN
(4) Rotation , \Y

ol A=037) & | (T
(eg min’ /vg ) /"‘0 03 \l

(3) Start point of
rotation

(2) Draw circle of Sy
corresponding to VSWR (1) Determine VSWR scale (e.g. 1.5)

10. ASAT ¥ —NILHAE—F L ADEH, X7 D CHIOHIRETIE, VSWR=L1.5, HitsbES
InifA=0.37 720DC, FNEED AR D HEA Ft A+ DL 21=0.95+) 0.4 FREEDMSHALD,



9. BB L OBERED AIAT v — Ml L 2T A—H

Ex.2.4& Y #iH | Short (theory) | Open (theroy) | Load (theory) Ref.
Z, [Q] 49.3+j19.7 1.000E-10 1.000E+10 50.0000
r 0.0126+j0.1996 -1.0000 1.0000 0.0000 | Eq.(6)
[T | 0.2000 1.0000 1.0000 0.0000 | =ABS(T")
VSWR 1.5000 5.000E+11 2.000E+08 1.0000 | Eq.(3)
freq [Hz] N/A 9.300E+09 9.300E+09 9.300E+09
Ao [m] N/A 0.0323 0.0323 0.0323| =c/freq
Ag[m] 0.0400 0.0454 0.0454 0.0454 | Eq.(9)
B [rad/m] 157.0796 138.2692 138.2692 138.2692 | Eq.(8)
01 86.4000 180.0000 0.0000 0.0000
lin [M] 0.0148 0.0000 -0.0114 -0.0114 | Eq.(5)
lmin/ A ¢ 0.3700 0.0000 -0.2500 -0.2500

4—2 AET—FEE
8 DI ENFEITIE, £ 10ITRT 30 HORET —# DB THD, £T =7V CHIET —#HH —MNE, IROF
IECT — 2835,
(1) EET —XEEH — NI TR CTORENATIZI TCNDZEEMERT D,
() JERE L 1-1. FEEREREROBPIE OREME AT 5, E 55 T FIETT R CTHRCETE Y,
(3) T EREEI L AL 725 (X XU R 8.2 GHz-12.4 GHz) i a x b DR T~k a ZIE T,
@) BNIEET 12, IR S —JIE CRONZEYING hin[m] EB B 5N nin[m] ORIFELH I A2 (2725 TC
WHDT, ZiVE 2 (5T AUTENEENMEFHNS (K3 ),
(5) VSWR [ =10 MnldBI20 - 7721 Min[dB]| &V L EAENE 57— D e IMBEOHaxHifz 29,
6) FINEITEIEEBAEET 203, ENAH-Th BV O TMIn(dB)AMESI fnin 275,
(1) ZHBDfiE BYEA L —F ARG —Nat —_— 258, MR A e —5 o 23RBS,
(8) HfZICE 11 DA THER - FRA kT L,

7210, JET —HXDOFER
A GERR) | RIEGIR | AEES) | EBRdE) | BERGI | ERESs)

1| BiRE f
BREHEIE a
ENER 4,
VSWR

wm AW

=R L

F 11 AERROELD

BERRGRY T FRIEIVE—S VR 7
IVwILEE AIX IVwILEE AIR
1 5z 2.4 0.200£86.4° —- 0.95+0.39 0.94+0.41
2| GRIREGERR) Excel — Excel 1€
3| HEEmGER) Excel 1.0£180° Excel ==
4 | RIRE G Excel — Excel 1E
5| EEREGIR Excel 1.0£0° Excel 1
6| AE®EE Excel — Excel 1€
7| HERES) Excel 0.0£0° Excel £




(ARFE] UTHLER)

() FHEREREOR)ZE T,

Q) i S —r OROWCOWTCE B BT L, e M EHE o +jb DRESTN @@+ D)

() TR EL THEHL QWD ~A 7 el RIEESRE 7O 7 AL —4 AR EED RIS 1), 28R, 7V A%V~ k(i
Fikg AR OEZIZ OV THRAE L,

(4) BfOBBEARSRIEEER CE R DL, fike LC OWHPHRERY, ZOAMMA L —F L ATt Led, LINLIRDD,
AR IV TR TS ERO AT 720 WRAE (W ERAZRBER) TlIA B —F L AT ) R 2B CRUHRED Y NS
{72%, ZOBMET T FDATA =2 L AL BHHEGIOBUR DR X,

(5) TEAEW B — L ZET DS, AE ClI~A27ailz | kHz OERE T UVRZEFIL TS, ETERHEE 2D SR EURF
PEOBLEDSZ O (FFHEED L ) 2 &,

(6) ATARDEFEBEIH RSV CNDLLFO AR W TS X,

A) What is a standing wave?

B) What is load impedance? What does short, open or load mean in reference to the electric circuit?
C) What can it do by Smith chart? Which is the reactance circle? Which is the resistance circle?

D) Where is the short, open, load on the Smith chart?

E) What is a waveguide? Describe the difference with other transmission lines using an example.
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EXAMPLE 2.4 IMPEDANCE MEASUREMENT WITH A SLOTTED LINE

The following two-step procedure has been carried out with a 50 2 coaxial slotted
line to determine an unknown load impedance:

1. A short circuit is placed at the load plane, resulting in a standing wave on
the line with infinite SWR, and sharply defined voltage minima, as shown in
Figure 2.14a. On the arbitrarily positioned scale on the slotted line, voltage
minima are recorded at

z=0.2cm, 2.2 cm, 4.2 cm.

2. The short circuit is removed, and replaced with the unknown load. The standing
wave ratio is measured as SWR = 1.5, and voltage minima, which are not as
sharply defined as those in step 1, are recorded at

z=0.72cm, 2.72 cm, 4.72 cm,
as shown in Figure 2.14b. Find the load impedance.

Solution

Knowing that voltage minima repeat every A/2, we have from the data of step 1
above that A = 4.0 cm. In addition, because the reflection coefficient and input
impedance also repeat every A/2, we can consider the load terminals to be ef-
fectively located at any of the voltage minima locations listed in step 1. Thus, if
we say the load is at 4.2 cm, then the data from step 2 shows that the next volt-
age minimum away from the load occurs at 2.72 cm, giving £ = 4.2 —2.72 =
1.48 cm = 0.37A.

Applying (2.58)—(2.60) to this data gives

1.5-1
1.5+1

IT| = =102,

4
= —(1.48) = 86.4°,
0=m+ 4.0( )
$0 I = 0.2¢/8% = 0.0126 + j0.1996.

The load impedance is then

14T .
Zy =50 (1+_r) =473+ j19.7 Q.

A VI

}llll}IIIJ{IIII}IIII:IIII; Shor[
0 1 2 3 4 5 circuit

(a)

L1V

VA VA VAN Ry

| | l | ™ Viin
Unknown

0 1 2 3 4 5 load

FIGURE 2.14 (b)

Voltage standing wave patterns for Example 2.4. (a) Standing wave for short-circuit
load. (b) Standing wave for unknown load.
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(RERFH—MEHBS BI=HDRY T LUK, gnuplot D¥EE 552 bR, pp.142-148, ﬁ‘vF““/Z*Av 2013)
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#smituchart.gnu
set multiplot

set size square
set xrange [-1:1]
set yrange [-1:1]
set key off
unset border
unset xtics
unset ytics

set parametric

set samples 1000

7{0,1} # imaginary number

# define function

T T N TR T R AT N YR NN R NN R TN N N R YN RV YR VNI R TN T N R A NI NTuIan]
T T

# normalized load impedance
Z(rX)=r+j*x
# reflection coefficient

GX)~(2(tx)-DAX)+1)

]
HHHHHH A

# 1 constant circle (-10<x=t**3<10)

T T TR N T AT R YR NN N TN R TN N R YRRV YR YN RV T N RT NI NTuIan]
A

plot [-10:10] real(G(0.0,t**3)),imag(G(0.0,t**3)) with lines It 1, \ NUAYHIRSYS A%
real(G(0.333,t%*3)),imag(G(0.333,t**3)) with lines It 1, ™\ HITIRETHY, BAE
real(G(1.0,t**3)),imag(G(1.0,t**3)) with lines It 1, “\\ F—R—F®D ¥ LFEC

real(G(3.0,t**3)),imag(G(3.0,t**3)) with lines It 1

T T T T N R TR N N R NN NN R TN N RNV N RV YR VNIRRT NN TN TR NTuIaT]
T T

#x constant circle (0<r=t**2<10)

plot [0:10] real(G(t**2,-3.0)),imag(G(t**2,-3.0)) with lines 1t 2, NIRRTy Al
real(G(t**2,-1.0)),imag(G(t**2,-1.0)) with lines 1t 2, “\ BITIRETHY, BAE
real(G(t**2,-0.333)),imag(G(t**2,-0.333)) with lines 1t 2, F—R—F®D ¥ LFEC E

real(G(t**2,0.0)),imag(G(t**2,0.0)) with lines 1t 2,
real(G(t**2,0.333)),imag(G(t**2,0.333)) with lines 1t 2, \
real(G(t**2,1.0)),imag(G(t**2,1.0)) with lines 1t 2,
real(G(t**2,3.0)),imag(G(t**2,3.0)) with lines 1t 2

unset multiplot
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