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Abstract 
 

The Smith chart is one of the most useful graphical tools for high frequency 
circuit applications. The chart provides a clever way to visualize complex 
functions and it continues to endure popularity decades after its original 
conception. From a mathematical point of view, the Smith chart is simply a 
presentation of all possible complex impedances with respect to coordinates 
defined by the reflection coefficient or it can be defined mathematically as one 
port scattering parameter S11. The domain of definition of the reflection 
coefficient is a circle of radius 1 in the complex plane. This is also the domain 
of the Smith chart. A Smith chart is a circular plot with lot of interlaced circles 
on it; when used correctly, matching impedances with apparent complicated 
structures can be made without any computations. The only effort required is 
the reading and following of values along the circles. 

 
 

Types of Smith Chart 
There are mainly two kinds of Smith chart, the impedance or the Z-Smith chart and 
the other one admittance or the Y-Smith chart. The superposition of Z or Y-Smith 
chart gives the Z-Y Smith chart or the complete smith chart. In matching or in 
designing circuits it is convenient to overlay the impedance Z-Smith Chart and 
admittance Y- Smith Chart called the Impedance Admittance Z-Y Smith Chart which 
is basically the superimposition of the individual Z-Smith Chart and Y-Smith Chart. 
The figure below shows a Z-Y Smith Chart. Impedance and admittance charts are 
used to calculate the component values needed for device in different parts of the 
impedance matching circuit. 
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Figure B1: A Complete Smith chart. 
 
 
Development of a Smith Chart 
A Smith chart is developed by examining the load where the impedance must be 
matched. Instead of considering its impedance directly, you express its reflection 
coefficient L, which is used to characterize a load (such as admittance, gain, and 
trans conductance). The L is more useful when dealing with RF frequencies. We 
know the reflection coefficient is defined as the ratio between the reflected voltage 
wave and the incident voltage wave:  

 

 
 

Figure B2: Impedance at the load. 
 
 
 The amount of reflected signal from the load is dependent on the degree of 
mismatch between the source impedance and the load impedance. Its expression has 
been defined as follows:  



S
 

 

 
 
 
co
u
(t
v
im

 
 
 

 
 
 
re
pr
ab
 
fi
 
F

 
an

 
 
 
tw

 

mi

om
sef
the
alu
mp

W

efle
rac
bov

igu

Firs

nd 

wo 

th 

Be
mpl
ful 
e ch
ue, 
ped

Wi

He
ect
ctic
ve 
To

ures

st, e

 

By
in

 Ch

ecau
ex 
to 
har
su

anc

ith 

ere 
tion
call
eq

o bu
s (l

equ

y se
dep

har

use
nu
fre

rac
uch
ce 

th

w
n c
ly, 

qua
uild
like

uati

etti
pen

rt a

e th
um
eez
cter
h as
by

is s

we 
coe

so
atio
d t
e c

ion

ing
nde

and

he 
mber

ze t
rist
s 5

y:  

sim

ca
effi
o w
on. 
the 
circ

n B

g th
ent

d its

im
r a
the
tic 
50

mpl

n 
cie

we c
 
ch

cles

B.3 

he r
t, n

s A

mpe
as w
e on

im
, 

lifi

see
ent.
can

har
s or

is 

rea
new

App

eda
wel
nes

mpe
75

icat

e t
. U
n u

rt, t
r st

rev

al p
w re

plic

anc
ll. 
s th
eda

5

tion

the
Unf
use 

the
tray

ver

par
ela

cati

es 
In 
hat
anc
, 1

n, w

 d
fort
th

e eq
y l

rsed

rts 
atio

ion

are
ord

t ap
ce) 
00

we

dire
tun
e S

qua
ine

d t

and
onsh

ns

e c
der
ppe

is
0 ,

e ca

ect 
nate
Sm

atio
es)

o g

d th
hip

com
r to
ear 
s o
, an

an 

re
ely

mith

on 
.  

giv

he 
ps: 

mpl
o re
of

ofte
nd 

rew

elat
y, th
h ch

mu

e  

im
 

lex
edu

ften
en 

60

wri

tion
he 
har

ust

mag

x nu
uce
n an
a 

00

ite 

nsh
co

rt a

t be

gin

um
e th
nd 
co

. 

the

hip
omp
as a

e re

ary

mbe
he 
ar

onst
W

e re

 b
ple
a ty

ew

 

y p

ers,
nu
e c
tan

We 

efle

etw
ex 
ype

writ

part

 th
umb
com
nt a
can

ect

wee
nat
e o

tten

ts o

 

he r
ber
mm
and
n t

 

tion

en 
tur

of g

n to

of e

 

refl
r of

mon
d a
the

n c

th
re o
gra

o e

equ

flec
f u

n in
a r
n d

coe

he 
of 

aph

extr

uat

ctio
unk
n th
rea
def

effic

loa
the

hica

rac

tion

on c
kno
he a
al i
fine

cie

ad 
e re
al r

ct s

n B

coe
own
app
ind
e a

ent 

im
ela
rep

tan

B.5

eff
n p
plic

dust
a n

for

mpe
atio
res

nda

5 eq

fici
para
cat
try
orm

rm

eda
on 
sen

ard

qua

ent
am
tion

y n
ma

mula

anc
is 

ntat

d ge

al, 

t w
mete

n. H
norm
aliz

a a

ce 
no
tion

eom

we

will
ers
He
ma

zed 

as:  

an
t u
n o

me

e o

7

l be
, it

ere 
aliz

lo

nd 
usef
of t

tric

obta

77 

e a
t is
Zo

zed
oad

its
ful
the

cal

ain

a 
s 
o 
d 
d 

s 
l 
e 

l 

n 



7
 

 

 
fi
eq
co

 
 
 

F
sa
co
re
ci
1
an
w

8  

E
ina
qua
oor

F

Figu
am
oor
efle
ircu
. F
nd 

whi

Eq
al e
atio
rdi

Fig

ure
me r

rdi
ect
uit

For 
wi
ch 

qua
equ
on 
inat

gur

e B
rea
inat
tion
t, a

an
ith 
the

atio
uati
(x
tes

re B

B3:
al i
tes
n z

as a
n o

a 
e e

on i
ion

x-a)
s (r/

B3

: T
imp
s (0
zero
a lo
ope
rad

enti

is t
n, 
) 2 
r/r+

 gi

The
ped
0.5
o p
oad
en-c
diu
ire 

the
B.
+ (

+1, 

iven

 po
dan
, 0

poin
d, p
circ

us o
inc

en m
14.
(y-
0)

n b

oin
nce
0) a
nt 

pres
cui
of 0
cid

ma
. T
b) 
 an

belo

nts 
e p
and
(th
sen
it l
0). 
den

anip
Thi

2 =
nd h

ow

sit
part
d h
he l
nts 
loa
Th

nt w

pul
is e
= R
hav

w gi

tua
t v

has 
loa
a c

ad, 
his 
wav

late
equ

R2 i
vin

ive

ted
valu

a r
ad i
circ
the
co

ve 

ed 
uat
in t
ng a

es i

d o
ue. 
rad
is m
cle
e c
orre
is r

by
tion
the
a ra

in d

on a
Fo

diu
ma
e ce
circ
esp
ref

y d
n i
e co
adi

dep

a c
or 
s o

atch
ent
cle 
pon
flec

dev
is 
om
ius

pth

circ
ex

of 0
hed
tere
de

nds
cted

elo
a r

mple
s of

h de

cle 
xam
0.5
d w
ed 
ege
s to
d to

opi
rel
ex 
f 1/

etai

are
mpl
5. I
with
at 

ene
o a 
ota

ng
ati
pla
/1+

ils.

e a
le, 
It in
h th
the

erat
ma

ally

 eq
on
ane
+r. 

. 

all 
the
ncl
he 
e co
tes 
axi

y.  

qua
shi
e (
 

the
e c
lud
ch
oor
to

imu

atio
ip

r,

e im
circ
des 
hara
rdi

o a 
um

ons
in 

, i

mp
cle
th

act
ina
sin

m re

s B
th

i) o

ped
, R

he p
teri
ate 
ngl
efle

B.8 
he 
of 

dan
R =
poi
isti
(0,
le p
ect

A

th
for
a c

nces
= 1
int 
ic i
, 0)
poi
tion

Aru

hrou
rm
circ

s c
1, i

(0
imp
) an
int 
n c

un 

ugh
m o
cle 

cha
is c

0, 0
ped
nd 
(c

coe

 Ku

h B
f a
ce

 

arac
cen

0), 
dan
ha

cen
ffic

uma

B.1
a p
ente

cter
nte
wh

nce
as a
nter
cie

ar 

13 i
par
ere

 

riz
ered
hic
e). 
a ra
red
ent 

 Tiw

int
ram
ed a

ed 
d a
h i
A 
adi

d at
of

wa

to t
met
at t

by
at t
is t
sho

ius 
t 1
f 1,

ari 

the
tric
the

y a
the
the
ort
of

, 0
 at

 

e 
c 
e 

a 
e 
e 
t 
f 
0 
t 



S
 

 

M
an

 
 
 
co
ra
 

F
sa
co
D
du
ce
 
 
 
b
fa

mi

Mov
not

om
adi

F

Figu
am
oor

Diff
up
ent

e s
am

th 

vin
the

Ag
mpl
ius 
Fig

ure
me i

rdi
feri
lic
ters

To
see

mily

 Ch

ng o
er p

gain
ex 
of

gur

e B
ima
inat
ing
ate
s a

o co
n t

y. K

har

on,
par

n, 
pl

f 1/
re B

B4:
agi
te 

g w
e m
are 

om
tha
Kno

rt a

, w
ram

B.
lan
/x. 
B.4

: T
ina
(1,

with
mirr
pla

mple
t a
ow

and

we u
metr

19
e (
 

4 g

The
ary 
 1)
h t
ror
ace

ete
all o
wing

d its

use
ric

9 is
( r

ive

 po
im

) an
he 
red
ed o

 ou
of t
g t

s A

e e
 eq

s a
r, 

en b

oin
mpe
nd 
re

d ci
on 

ur S
the
the

App

qu
qua

a p
i) 

bel

nts 
eda
ha

eal 
irc
the

Sm
e ci
 im

plic

ati
atio

para
of

low

sit
anc
as a

pa
les
e v

mith
ircl

mpe

cati

on
on. 

am
f a 

w g

tua
ce p
a ra
art 
s a
vert

h ch
les
eda

ion

s B
Th

metr
ci

give

ted
par
adiu
cir

at t
tica

har
s of
anc

ns

B.1
his 

ric 
ircl

es 

d o
rt v
us 
rcle
the 
al a

rt, 
f on
ce, 

15 t
re

eq
le c

in 

on a
valu
of 
es, 

bo
axi

we
ne 
in

thr
sul

qua
cen

dep

a c
ue 
1. 
x 

ott
is, i

e su
fam

n th

rou
lts 

atio
nte

pth

circ
x.
Al
ca
om
int

upe
mi
he 

gh
in 

on 
red

h d

cle 
 Fo
ll c

an b
m s
ters

erim
ily 
for

h B
eq

of
d a

deta

are
or 
circ
be 
side
sec

mp
wi
rm 

.18
quat

f th
at t

ails

e a
ex
cle
po

e o
ctin

pos
ill i

of

8 to
tio

he 
the 

s 

all 
am
s (c
osit
of 
ng t

se t
int
f r 

o fu
n B

ty
co

the
mpl

con
tiv
the
the

the
ers
+ 

urt
B.1

ype 
oor

e im
e, 
nst
e o
e c
e po

 tw
sec
jx

ther
19. 

(x
rdin

mp
the
tan
or 
com
oin

wo 
t a
, th

r d
 

x-a
nat

ped
e c
t x
neg

mpl
nt 1

cir
all o
he 

dev

a)2 
tes 

dan
irc

x) in
gat
lex

1.  

rcle
of 
co

velo

+ 
(1

nces
cle 
ncl
tive
x p

es' 
the

orre

op 

 

(y
1, 1

s c
x =
lud
e. 

plan

fam
e ci
esp

eq

y-b)
1/x

cha
= 1

de t
Th
ne.

mil
irc

pon

uat

)2 
x) a

arac
1 is
the
his 
 A

lies
les

ndin

tio

= 
and

cter
s c

e po
ex

All 

s. I
s of
ng 

n B

R2

d h

riz
cen
oin
xpla

the

It c
f th
re

B.7

2 in
havi

ed 
ter

nt (
ain
e c

can
he 
fle

7

7 in

n t
ing

by
red
1, 0

ns t
circ

n th
oth

ecti

79 

nto

the
g a

y a
 at
0).
the
cle

hen
her
ion

o 

e 
a 

a 
t 
 

e 
e 

n 
r 
n 



8
 

 

co
tw
 
tw
ci

 
 
W
T
S
p
ad
re
re
el
 
m
Y
 
"s
th
n
 
Y
w

 
 
 
(z
 
d
ro

0  

oef
wo 

wo 
irc
• 
• 
• 
• 
• 
• 

Wo
The

mi
ara
dde
esp
equ
lem

W
mho
Y m

sus
he 
ot 

W
Y/Y
wor

z). 

ista
ota

ffic
cir

Th
ci

les
D
F
H
C
F
F

ork
e Sm
ith 
alle
ed 

pec
uire
men
We
os o

mus
Th
sce
log
the
Wh

Yo. 
rkin

It t
 
If 
anc

atin

cien
rcl

he r
rcl

s. T
Det
Fin
Hav
Con
Fin
Fin

kin
mit
ch

el w
an

ctiv
es 
nts
e k
or 
st a
here
epta
gic
e ca
hen
Th

ng 

tur

we
ce 

ng a

nt 
es 
rev
les 
The
term

nd t
vin
nve

nd t
nd t

ng 
th 

hart
wo
nd 

ve 
co
 in

kno
-

also
efo
anc
al 
ase
n w
his 
thr

rns 

e k
fro
an 

can
co

vers
int

e pr
mi
the
ng t
ert 
the
the

 w
ch
t is
rld
th

val
onsi
n th
ow 
-1 (
o b
ore,
ce"
ass
e. I
wor

re
rou

ou

no
om 
an

n b
orre
se o
ter
roc
ne 

e re
the
th

e eq
e co

with
art
s bu
ds. 
heir
lue
ide

he a
tha
in 
e c
, Y
 of
sum
If th
rki

esul
ugh

ut t

w 
(0
gle

be d
esp
ope

rsec
ced
th

efle
e ch
e im
qui
om

h A
t is
uil
Ad
r e
es. 
erin
adm
at, 
ear

com
Y =
f th
mp
his
ing
lts 

h th

tha

z, 
0, 0
e 1

det
on
era
ctin
dure
e im

ecti
har
mp
val

mpo

Ad
 bu

lt, i
ddi
effe
Ho

ng 
mit
by
rlie

mpl
= 
he 
tio

s as
g w

in
he f

at th

we
0), b
80

term
ndin
atio
ng 
e fo
mp
ion
rac
ped
len
nen

dm
uilt
it c
ing
ect
ow
ad

ttan
y de
er t
lex
G 
ele

on, 
ssu

with
n y 
fol

he 

e c
but
° a

min
ng 
on 
at 

for 
ped
n co
ter

dan
nt im
nt v

mitt
t b
can
g el
ts 

wev
ddit
nce
efin
tim
x.  

+ 
eme
we

ump
h ad

= 
low

ex

an 
t in

arou

ned
to 
is a
tha
thi

dan
oef
rist
nce 
mp
val

tan
y c

n be
lem
de

ver,
tion
e w
nit

mes

jB
ent
e c
ptio
dm
g 

win

xpr

in
n th
und

d. I
the
als
at p
is i
nce 
ffic
ic i
to

ped
lue

nc
con
e u

men
ter
, s
nal

worl
tion
 it 

B (
t. I
an 
on 

mitt
+ j
ng:

ess

nve
he o
d th

It i
e v
so p
poi
s a
as

cien
im
 ad

dan
es f

ce 
nsid
use
nts 
rmi
um
l p
ld. 
n, Y
wa

(B.
t's 
co
is 

tan
jb. 
  

sion

ert t
opp
he 

is o
valu
pos
int 

as f
s a 
nt (

mped
dm
nce
for 

der
d t
in

ine
mm
para

 
Y =
as e

20
im

onc
use
ce,
So

n f

the
po
cen

onl
ues
ssib
an

foll
spo
( )
dan
itta
.  
the

ring
to a

n a 
ed 

ming
am

= 1
exp

), 
mpo
clud
ed,
, th
o, 

for 

e si
site
nte

ly n
s r a
ble
nd 
low
ot o
) fo
nce
anc

e w

g i
ana
ser
by

g e
mete

1/Z 
pre

wh
orta
de 
, th
he 
wh

G

ign
e d
er p

nec
and

e. K
rea

ws:
on 
or t
e an
ce. 

wan

imp
aly
rie

y s
elem
ers

an
esse

her
ant
tha

he r
fir

hat 

 is

ns o
dire
poi

ces
d x

Kno
ad 
  
the

the
nd 
 

nte

ped
yze 
s is

sim
me
. O

nd Z
ed 

re 
t to
at G
resu
st t
ha

 th

of 
ecti
int 

ssar
x. 
ow
the

e S
e im

,

ed r

dan
th

s s
mply
ents
Oft

Z =
as 

G 
o ex
G =
ult
thi
app

he o

 
ion
(se

ry 

wing
e c

Smi
mpe
, fin

refl

nce
hese
tra
y m
s i
ten 

= 1
Si

is 
xer
= 1
ts w
ng

pen

opp

an
n. T
ee F

to 

g th
orr

ith
eda
nd 

lec

e (r
e p
aigh
mo
in 

it 

1/Y
em

ca
rcis
1/R
will
 th

ns t

pos

d f
Thi
Fig

fin

he 
resp

h ch
anc
th

ctio

resi
para
htf
ovi
par
is

Y. T
men

alle
se c

R an
l b

hat 
to 

site

find
is s
gur

nd t

ref
pon

har
ce. 
e im

on c

isto
am

forw
ng 
ral
 ea

The
ns o

ed 
cau
nd 
e in
we
the

e, i

d a
sam
re B

the

flec
ndi

rt.  
 
mp

coe

or 
mete
war

a
lel
asi

e ad
or S

"c
utio
B 

nco
e m
e re

in s

a p
me 
B.5

e in

ctio
ing

ped

effi

and
ers
rd.
lon
 is
er 

dm
S).

con
on,
= 

orr
mu
efl

sig

poin
res

5). 

A

nter

on 
g v

dan

icie

d r
 in
 N

ng 
s a
to 

mitt
 A

ndu
, th
1/X

rect
st 
ect

gn, 

nt s
sult
 

Aru

rse

co
valu

nce

ent

reac
n bo
New

th
ano

w

tan
nd

ucta
hou
X. 
t. 
do 
tion

of 

situ
t ca

un 

ecti

oeff
ues

.  

t. 

cta
oth

w e
he 
the

work

ce 
, as

anc
ugh
Th

is 
n c

 

f z,

uat
an 

 Ku

ion

fici
s r 

anc
h th
lem
cir

er 
k w

is 
s Z

ce"
h. B
his,

no
coe

 an

ted
be

uma

n po

ien
and

ce).
he 
men
rcle
ma
wit

ex
Z is

" a
By 
, ho

orm
effi

nd 

d at
e ob

ar 

oin

nt, f
d x

. O
ser
nts
e t
atte
th 

pre
s co

and
fo

ow

mal
icie

(

t th
bta

 Tiw

nt o

fin
x o

Onc
ries
s ca
to 
er. 
pa

ess
om

d B
llo

wev

lize
ent

(y) 

he 
aine

wa

of t

nd t
on t

ce t
s a
an 
th
Th

aral

sed
mple

B t
owi
ver,

e y
t? B

= 

sam
ed 

ari 

the

the
the

the
and

be
eir
his
llel

d in
ex,

the
ing
, is

y =
By

-

me
by

 

e 

e 
e 

e 
d 
e 
r 
s 
l 

n 
, 

e 
g 
s 

= 
y 

e 
y 



S
 

 

 
 
 
ap
ch
im
o
co
el
 
 
T
In
b
or
ro
el
ci
au
M

 
 
th

 

mi

ppe
har
mp
n t
onv
lem

The
n th
e c
rig
ota
lim
irc
uto

Mat

hen

th 

Of
ear
rt a

ped
the
ver

men

e A
he 
con

gin 
atin
min
les

om
the

n, r

 Ch

f co
rs a
and
anc

e ch
rsio
nts

Ad
pre

nve
of

ng t
nate
s (c
ati

ema

rev

har

our
as 
d a 
ce 
har
ons
 in

dm
evi
erte
f th
the
es 
con
cal
atic

ers

rt a

rse
a 
di
plo

rt h
s, i

n pa

mitt
iou
ed 
he 
e w
the
nst
lly.
call

sing

and

e, w
dif
ffe
ot. 
has
it 
ara

tan
us d

in
 c

who
e n
tan
. W
ly,

g th

d its

wh
ffer
eren
Bu

s to
do

alle

nc
disc

nto 
com

ole 
nec
t c
Wit
 th

he 

s A

hile
ren
nt r
ut t
o b
esn

el.  

ce S
cus
its

mp
im
ess
con
th 

he c

eq

App

F

e Z
nt i
ref
the
be r
n't 

Sm
ssio
s a
plex

mpe
sity
ndu

th
con

qua

plic

Fig

Z a
imp
flec
e ne
rea
w

mit
on

adm
x p

eda
y o
ucta
hat 
nstr

atio

cati

gur

nd
ped
ctio
ew
ad 
ork

th 
, w

mitt
plan
nce

of b
anc
pl

ruc

on: 

ion

re B

 1/
dan
on 
 po
as 
k f

 Ch
we s
tan
ne.
e S
bui
ces
lot

ctio

 

ns

B5

/Z 
nce
va

oin
m

for 

ha
saw

nce
. T

Smi
ildi
s a
, a

on o

: R

do
e (t
lue

nt is
mho

de

art
w t
e co
Thu
ith
ing

and
add
of 

Res

o r
the
e, a
s, i
s. 
ete

t 
that
oun

us, 
h ch
g a
d c
din
the

sult

rep
e ne
and
in f
Al

erm

t e
nte
an

har
ano
con
ng 
e ad

ts o

pres
ew

d so
fac
ltho

min

ver
erpa
n ad
rt b
othe
nsta

ele
dm

of t

sen
w v
o fo
ct, a
oug
ing

ry 
art
dm

by 1
er 
ant 
em

mitt

the

nt t
alu

fort
an 
gh 
g c

po
t by

mitt
180
ch
su

men
tanc

e 18

the
ue 
th).
ad
thi

circ

int
y t
anc
0°. 
art
usc
ts 
ce 

80°

e sa
ha
. T
mi
is 
cui

t on
tak
ce 
Th

t. T
cep
in
Sm

° ro

am
as a
This
itta
me
t r

n th
king

Sm
his
The
ptan
n p
mith

ota

me 
a d
s o
anc
eth
reso

he 
g a
mit
 is 
e in
nce

para
h c

atio

co
diff
ccu
e. T
od 
olu

im
a 1
th c
ex

nte
es)
alle
cha

on. 

mp
fere
urs
Th
is

utio

mpe
180
cha
xtre
erse
 is
el 
art i

pon
ent
s be
here
 su

on 

eda
0° 
art 
em
ect
s a
als
is c

nen
t po
eca
efo
uffi
wh

anc
rot
ca

mely
ting
at t
so 
cre

 

nt, 
oin
aus
ore,
icie
hen

e S
tati
an b
y co
g p
the
be

eate

th
nt i
se t
, th
ent
n d

Sm
ion
be 
onv
poi
e p
eco
ed 

e n
in 
the
he v
t fo
dea

mith
n a

ob
ven
nt 

poin
om
by

new
the

e pl
val
or 
alin

h ch
arou
bta
nie
of
nt 

mes 
:  

w 
e S
lot 
lue
ma

ng 

har
und
ine

ent,
f al

(-
ea

8

po
Sm

is 
e re
aki
w

rt c
d t
ed 
, as
ll t
1, 
asi

 

81 

int
ith
an

ead
ing
ith

can
the
by
s it
the
0)

ier.

t 
h 
n 
d 
g 
h 

n 
e 
y 
t 
e 
) 
 



82  Arun Kumar Tiwari 
 

 

 Next, by setting the real and the imaginary parts of equation B.24 equal, we obtain 
two new, independent relationships:  

  
 
 By developing equation B.25, we get the following,  

  
 
which again is a parametric equation of the type (x-a)2 + (y-b)2 = R2 (equation B.33) 
in the complex plane ( r, i) of a circle with its coordinates centered at (-g/g+1, 0) 
and having a radius of 1/(1+g).  
 Furthermore, by developing equation B.26, we show that:  

  
 
which is again a parametric equation of the type (x-a)2 + (y-b)2 = R2 (equation B.38).  
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Facts about Smith Chart 
One circuit of the SMITH chart is only half a wavelength:  
We remember that the SMITH chart is a polar plot of the complex reflection 
coefficient, which represents the ratio of the complex amplitudes of the backward and 
forward waves. Imagine the forward wave going past you to a load or reflector, then 
traveling back again to you as a reflected wave. The total phase shift in going there 
and coming back is twice the phase shift in just going there. Therefore, there is a full 
360 degrees or 2 pi radians of phase shift for reflections from a load HALF a 
wavelength away. If you now move the reference plane a further HALF wavelength 
away from the load, there is an additional 360 degrees or 2 pi radians of phase shift, 
representing a further complete circuit of the complex reflection (SMITH) chart. Thus 
for a load a whole wavelength away there is a phase shift of 720 degrees or 4 pi 
radians, as the round trip is 2 whole wavelengths. Thus in moving back ONE whole 
wavelength from the load, the round trip distance is actually increasing by TWO 
whole wavelengths, so the SMITH chart is circumnavigated twice.  
  
 

Smith Chart: graphical representation 
Mathematical Basis of the Smith Chart 
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Smith Chart: Impedance Coordinates 
 

 
 
Smith Chart: Admittance Coordinates 
 

 
 
Smith Chart: Constant Impedance Phase Angle Circles  
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Smith Chart: Constant VSWR circles 
 

 
 
 
Smith Chart: Constant Impedance Magnitude Circles 
 

 
 
 
Smith Chart: for Multiplication, Division, Squares, and Square Roots 
Unary Operators 

• squares 2a  

• square roots a  
• tangents tan  Ө 
• cotangents cot Ө  
• inverse tangents tan-1 a 
• inverse cotangents cot-1 a 
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Figure B 7: Movement along the Smith chart. 
 
 
Problem solving using Smith chart 
Given below are the basic Smith Chart techniques for loss-less transmission lines: 

• Given Z(d),  Find Γ(d) 
• Given Γ(d), Find Z(d) 
• Given ΓR and ZR, Find Γ(d) and Z(d) 
• Given ΓR and ZR, Find the Voltage Standing Wave Ratio (VSWR) 
• Given Z(d), Find Y(d) 
• Its use for solving line admittances 
• Its use in finding Q-factor 

 
Given Z(d), Find Γ(d) 

1. Normalize the impedance 

  jxr
Zo

X
j

Zo

R

Zo

dZ
dz +=+== )(

)(  

 
2. Find the circle of constant normalized resistance r 
3. Find the arc of constant normalized reactance x 
4. The intersection of the two curves indicates the reflection coefficient in the 

complex plane.  
 
 The chart provides directly the magnitude and the phase angle of Γ(d). Example: 
Find Γ(d),  
 Given Zd =25 +j100 with Z0 =50 Ω 
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Given Γ(d), Find Z(d) 
1. Determine the complex point representing the given reflection coefficient G(d) 

on the chart. 
2. Read the values of the normalized resistance r and of the normalized reactance 

x that correspond to the reflection coefficient point. 
3. The normalized impedance is z(d) = r + j x and the actual impedance is 

  Z(d) = Zo. z(d) = Zo.(r + jx) = Zo.r + j Zo.x 
  
Given ΓR and ZR, Find Γ(d) and Z(d) 
The magnitude of the reflection coefficient is constant along a loss-less transmission 
line terminated by a specified load, since 

  |||)2exp(||)(| RR djd Γ=−Γ=Γ β  
 
 Therefore, on the complex plane, a circle with center at the origin and radius | R| 
represents all possible reflection coefficients found along the transmission line. When 
the circle of constant magnitude of the reflection coefficient is drawn on the Smith 
chart, one can determine the values of the line impedance at any location. The 
graphical step-by-step procedure is: 

1. Identify the load reflection coefficient R and the normalized load impedance 
ZR on the Smith chart. 

2. Draw The magnitude of the reflection coefficient is constant along a the circle 
of constant reflection coefficient amplitude | Γ(d)| =| ΓR|. 
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3. Starting from the point representing the load, travel on the circle 

  dd
λ

β Π==Θ 2
22  

 
 The new location on the chart corresponds to location d on the transmission line. 
Here, the values of Γ(d) and Z(d) can be read from the chart as before. 
 Example: Given Ω+= 10025 jZ R  with Zo = 50Ω find Z(d) and Γ(d) for d = 0.18λ 

 

 
 

Given ΓR and ZR, Find the Voltage Standing Wave Ratio (VSWR) 
The Voltage standing Wave Ratio or VSWR is defined as 

  
||1

||1

min

max

R

R

V

V
VSWR

Γ−
Γ+

==  

 
 The normalized impedance at a maximum location of the standing wave pattern is 
given by 

  !
||1

||1

)(1

)(1
)(

max

max
max VSWR

d

d
dz

R

R =
Γ−
Γ+

=
Γ−
Γ+

=  

 
 This quantity is always real and 1. The VSWR is simply obtained on the Smith 
chart, by reading the value of the (real) normalized impedance, at the location dmax 
where is real and positive. 
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 The graphical step-by-step procedure is: 
1. Identify the load reflection coefficient R and the normalized load impedance 

ZR on the Smith chart. 
2. Draw the circle of constant reflection coefficient amplitude | Γ(d)| =| ΓR|. 
3. Find the intersection of this circle with the real positive axis for the reflection 

coefficient (corresponding to the transmission line location dmax). 
4. A circle of constant normalized resistance will also intersect this point. Read 

or interpolate the value of the normalized resistance to determine the VSWR. 
 
Example 
Find the VSWR for ZR1 = 25 + j100 Ω ; ZR2 = 25 – j100 Ω (Zo = 50 Ω) 

 

 
 
 

Given Z(d), Find Y(d) 
The normalized impedance and admittance are defined as 

  

)(
)(1

)(1

)
4

(1

)
4

(1
)

4
(

)()
4

(

,sin

)(1

)(1
)(

)(1

)(1
)(

dy
d

d

d

d
dz

dd

ce

d

d
dy

d

d
dz

=
Γ+
Γ−=

+Γ−

+Γ+
=+⇒

Γ−=+Γ

Γ+
Γ−=

Γ−
Γ+=

λ

λ
λ

λ
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 It is important to note equality )()
4

( dydz =+ λ
which is valid for normalized 

impedance and admittance. The actual values are given by 

  

Zo

dy
dyYodY

dzZodZ

)(
)(.)(

)
4

(.)
4

(

==

+=+ λλ

 

 
 Where, Y0=1 /Z0 is the characteristic admittance of the transmission line. 
 The graphical step-by-step procedure is: 

1. Identify the load reflection coefficient R and the normalized load impedance 
ZR on the Smith chart. 

2. Draw the circle of constant reflection coefficient amplitude | Γ(d) | = | ΓR |. 
3. The normalized admittance is located at a point on the circle of constant | Γ | 

which is diametrically opposite to the normalized impedance 
 
 
Example 
Given ZR = 25 + j100 Ω with Zo = 50 Ω, find YR 

 

 
 
 

Calculation of line admittances 
By shifting the space reference to the admittance location, one can move on the chart 
just reading the numerical values as representing admittances. Let’s review the 
impedance-admittance terminology:  

 Impedance = Resistance + j Reactance, Z = R + jX 

 Admittance = Conductance + j Susceptance, Y = G + jB 
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 On the impedance chart, the correct reflection coefficient is always represented by 
the vector corresponding to the normalized impedance. Charts specifically prepared 
for admittances are modified to give the correct reflection coefficient in 
correspondence of admittance. 

 

 
 

 
 Since related impedance and admittance are on opposite sides of the same Smith 
chart, the imaginary parts always have different sign. Therefore, a positive (inductive) 
reactance corresponds to a negative (inductive) susceptance, while a negative 
(capacitive)reactance corresponds to a positive (capacitive) susceptance. Numerically, 
we have 

  

2222

22

,

))((

1

xr

x
b

xr

r
g

xr

jxr

jxrjxr

jxr
y

jxr
jbgy

jxrz

+
−=

+
=

+
−=

−+
−=

+
=+=

+=

 

 
Calculation of Q-factor 
After having located the impedance the Q-factor can be directly read off from the 
Smith Chart as mentioned below: 
 
If using an impedance Z-Smith Chart 
 Qn=|x|/r, where, Qn is the nodal quality factor and Z=r+jx is the normalized 
impedance. 
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 In order to derive this consider, 

   
 
 So by dividing these two equations we get Qn. 
 If using the admittance Y-Smith Chart 
 Qn=|b|/g where, Qn is the nodal quality factor and Y=g+jb is the normalized 
admittance. 
 In order to derive this consider, 

   
 
 So by dividing these two equations we get Qn. 
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