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determinecl hy locating where an s-circle crosses the 1,. axis. Typical examples of t-circles

tor s : 1,2.3, afid cc are shown in Figure ll.l3. Since ill and.s'are relateci accorciing to

ec1. (11.38), the s-circles are somcrimes retemed to irs lIr-circles rvith lf varying linearlv

from t) to I as we move away f'rom the center O toward the periphcrv of the chart while .r

varies nonlincirrly frorn I to t.
The follgrving points should be noted about the Smith chart:

At point P*. 111 the chart r : 0,.r : 0; that rs. Zr.:0 + i0 shotving that P,. repre-

Sents a short circuit on the transmissiori line. At pOint P.,,.,. I - 7-: EotJ r: 7. Or

Zt: x *./vr, which implies lhat P.," corresponds til an open cit:citit tlrr [he litte.

Also a[ P,r", r : 0 and ,r : 0, showing that P.,., is anothcr locatirln o{'il shtlrt circr-lit

on the line.
A complete revolution (360u) around the Smith chart represettts a distarlcc ot' IJ2

on the line. Clockwise mr)vsment on the chart is regardeil as mOving towarcl thc

genemtor ior alt/ay frorn lhe load) as shorvn hy the ;rrrow' G in Figure I I , I 4(a) ant]

(b). Similarly, counterclockwise movement on the chart colresponds to moving

torvarrJ t[r,e lclad (or arval, {rom the gencrator) as indicated b,v thc arrow 1" in Figure

11.14. Notice from Figure 11.1;1(b) that at the load. movirtg toward the load docs

not tnake selse (because we elre alreacly at the load). Thc sarrte r-:illl lre saicl tlf the

case when we are at the generator end'

There are three scales around the periphery ol the Snrith chart as illustrated in

Figure I 1.14(a). The three sc'ales are included for the sake of convenience but they

are actually rneant to serve the same purpose: one scale should be sutficient. The

scalcs are uscil in determining thc distance tronr the loacl or gcnerittor in tlcgrees or

wavelengths. The outermost scale is used to detenline tl-re distance on the line tirrm

the gene.riitor end in terms of rvavelengths, and the next scale detertnirtes the tiis-

tance from the load enrJ in terms of wavelengths. The innermost scalc is a protrac-

tor (in degrees) anci is primaril.v used in determining 9p; it catt also be used to de-

terurine the clistance from the load or generator, Sitlce a )J2 clistance otl the line

cc)rresponcls to a movernent of 360" on the chart, \, tli,stunr:e on the line Cttrrcsltrtntls

to a 720u nlovetnetrl o,7 the chttrt.

t.

1

L

7 24'

Thus $/e rnay ignrlre the other onter scales and.use the protrac'tor (the inncrlttost

scale) tbr alt onr 0p and distance calculations.

+. V',,.,r" occrllrs where 2n.,,,,,* is located on the chart Isee cq. (11.39a)1, and that is on

the positive f,. axis or on OPo. in Figure 11.1.1(a). V,,,in is located at the samc point

where we have Zin.,nn on the chart; that is, on the ncgative I', axis ol ()n OP.. in

Figure 11.14(a). It{oticethat V,,,o, and Yn,;n (orZn.,r,r* and Zin.n-,i,r) are }"i4 (or l8()")

apart.

S. The Smirh chart is used both as irnpeclaflco charr and admitranc'e chart (l' = llA.

As aclmittance chaft (norrnalizecl irripeclance y : YIY,-: ,g + .l&), the ,g- ancl b-

circles comespond to r- and,r-circlcs' respectivcly'

i h* tll 55t

i $.,r;rl

'ifl.,
.;'[ ii-
.,':1. ,

''1".'' 'i:,.

,,tllillil
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Figure Il.l4 (a) Srnith chart illustr:ating scales around the periphery and

movements around the chart, (b) corresponding movements along the trans-

mission Iine.

Based on these important properties, the Smith chart may be used to determine,

amongotherthings,(a)I * lf lfigands;(b) Z;,.,et Y;,,; and(c)thelocationsof'V,,,u*and

lz*in provicled that we are given i.,, Zr.and the length of the line. Some examples will

.f**lv show how we can clo all these and much more with the aid of the Smith chart, a

corlpass, tlnd a plain straightedge.

'l 
rr rr-,irrt issir:rt Ii ttr-'



EXAMPLE 1 1.4

11.5 THr S,utrH Ctl,qnt 491)

A 3g*ni-long lossless transmission line with 2,, :50 0 operaling at ? MHz is te:rminatcd

with a load zt, :60 + j40 o. If ri : 0.6r on the [ine. lind

(a) The reflection coefficient I
(b) Ttre standing wave ratio s

(c) The input imPcdance

Solution:

This problem will be solveci rvith ancl rvithgut using the Smith chart'

Methotl 1: (Without the Smith chart)

z, * zo 60 + i q-jq - i"q laq(a) I' : ;t-ll r :
/-r. t Zn 50 + .i40 + 50 110 + i40

: 0.3523 fr6.
1 + trl * I + 0.3523 : 2.08g(b) s " I _-]il: t * 03s23

(c) Since u = s:l{3,or0: orl{l,

at Zr t2 x, to6x30)
{3t

0.6 (3 x 108)

')** ::: - t1t)'
.,u

Note that 0{ is the electrical length of the linc'

[50+t(60+740!an
fl(6 1i-tjyl

1?0:)

120"1

(5+ 4\fr-i6\/1)
:24.01Dp::

:' * 23.91 + .i1.35 O

Method 2: (Using the Smith chart)'

(a) Calculate the normalized load impedance

zt. 60 + i40
!I zu 50

=: 1.2 + .10.8

Locate 11 or1 the smith chart .f Figure I 1 .15 ar point p where thc r : 1.2 cirt:lc and the

.x : 0.8 circle d"reet. To get f at ir, extencl OP tt-t rneet the r * 0 circle at Q ancl nteasure OP

anrtOQ. Since OQ corresponds to lf : : l' theri at P'

OP 3.2 cm
- 

-.' 
: 0.35i6

OQ 9.1 cm

I Z, + iz^tan 0{ I

LLt: T jZr tan {3t, )
50 (60 + j40 + .150 tan

irl
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I:XAMPLE

1 1.5 THr Svrtru CHanr

: 0 in eq. (t1.49a).1 The vaiue of r at this
[This is easilY

that is

shown by setting l,

(c) To obtain 21,,, flrst exPress { in

Although the

purposes theY

effi 501

point is .r:

j'* r(lorr= l)
-?1

terms of h or in degrees.

0.( (3 x 108)
- 90m

2x106
L4\*A_
I

{ = 30m _30,:I_+'/2{J":240"q0" 3 3

since h corresponds to an angular movement of Tzao on the chart, thc length ol the line

corresponds to an angular movement of 240". That means we move tolvarcl the -eenerator

(or away trom the load, in the clockwise direction) 240' on the s-circle from point P to

point G. At 61, we obtain

iin : 0.47 + j0.035

Hence

Zrn=Z,fin:50(0'47+j0'035;*23'5+jl'750

results obtained using the smith chart are only approxirriate.. tor engineering

are close enough to the exact ones ohtained in Method 1.

PRACTICE EXERCISB I'1.4

A 70-0 lossless line has s : 1.6 and 6r = 300'. If the line is 0'6\ long, obtain

(a) T,22, Zin

(b) The clistance of the first minimum voltage from the ioad

11.5

Answer: (a) 0.228 /.3W",80.5 7 i33.6 O, 47 '6 * i17'5 O' (b) lJ6'

A 100 + jl50-0 loarl is connected to a 75-0 lossless line' Find:

(a) I'
(b) s

(c) The load admittance Y7

(d) e" at 0.4h from the load

(e) The locations of V,,,u* and Vn,;,, with respect

(t) Zin zl the generator-

to the load if the line is 0.6h long
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