UNIT-5 EMTL — SMITH CHART 10-
MARK QUESTIONS WITH ANSWERS

Q1. Explain Smith Chart, its configuration and
applications.
Answer:

A Smith Chart is a graphical tool used for the analysis of transmission lines. It
represents all possible values of normalized impedance or admittance in terms
of the reflection coefficient.

The reflection coefficient is represented as
=T, + T,
where,
I', = real part of reflection coefficient
I'; = imaginary part of reflection coefficient

The normalized load impedance is

VA

Z[ =
Zy

where,
Z1, = load impedance

Zy = characteristic impedance of the line

If the normalized impedance is written as



z=R+3jX

then the Smith Chart gives the relation between impedance and reflection
coefficient.

The basic relation between normalized impedance and reflection coefficient is

,_ 14T
- 1-T
or,
14T, + 4T
R+ iX =
tJ 1-T, — T,

The Smith Chart consists of two families of circles:

1. Constant resistance circles
2. Constant reactance circles

The complete chart is formed by superimposing these two families of circles.

Configuration of Smith Chart

The Smith Chart is drawn in the I -plane. The horizontal axis represents I,

and the vertical axis represents I'; .
The centre of the chart corresponds to
I'=20
This means that there is no reflection and the line is perfectly matched.

At the right extreme point of the chart,
I'=1

This corresponds to an open circuit.

At the left extreme point of the chart,



This corresponds to a short circuit.

The outer circle of the Smith Chart represents
Tl =1

This is the condition of total reflection.

Applications of Smith Chart

The Smith Chart is used for:

1. Calculation of Voltage Standing Wave Ratio, VSWR.
2. Finding positions of voltage maxima and voltage minima on a
transmission line.

3. Calculation of impedance and admittance at any point on the
transmission line.

. Computing reflection coefficient for a given load impedance.

. Impedance matching.

. Single stub matching.

. Double stub matching.

. Transmission line impedance transformation.
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. Finding input impedance of short, open, quarter-wave and half-wave
lines.

Thus, Smith Chart is a very useful graphical method for solving transmission
line problems.

Q2. Derive the equation of constant resistance
circles on Smith Chart.

Answer:

The normalized impedance is given by



z=R+3jX
The reflection coefficient is
I' =T, + jT;

The relation between normalized impedance and reflection coefficient is

1+T
Z2=———=
1-T
Substituting,
) 1+ T, + 3T
R+ 31X =
R P

Multiplying numerator and denominator by the conjugate of denominator,

(1 + Fr + ]Ti)(]- - Fr + ]Pz)
(1 - Fr - ]Fz)(l T Fr + ]Fz)

R+jX =

The denominator becomes
2 2
(1-T%)"+T;
The numerator becomes
2 2 .
1 -T2 -T2 4 jor
Therefore,

1—T2 —T2 + joT;

R+jX =
(1-T,)2+T?

Comparing real parts,

_1-T7-T}
- (1_]:‘1‘)24-]--‘%2

Therefore,



R[1-T,)* 40| =1-T; T}
Expanding,
R[14T?-2T,+T7] =1-T?-T}
R+ RI?-2RT, + R =1-T2-T7
Bringing all terms to one side,
RT? 4+ T2+ RT?4T7—-2RT,+R—1=0
(R+1)I2+(R+1)I'?—2RT, =1—-R

Dividingby R + 1,

Simplifying,

R \? 1
r,— —— ) 4= —
( R—I—l) TR

Hence, the equation of constant resistance circle is

R \?2 1 )2
I, — — r—=(_—
(t- %) +T = (18

Therefore,



R
Centre = | ——,0
entre (1+R’)

1
Radius = ———
adius = ——

Important observations

1. The centres of all resistance circles lie on the I’ -axis.
2. The circle for R = 0 is the largest circle.
3. The circle for R = 00 reduces to the point (1, O) .

4. All resistance circles pass through the point (1, 0) , Which represents

open circuit.

Q3. Write the table of constant resistance circles
and explain their nature.

Answer:

The equation of constant resistance circle is

R \* 1 \?
r, — —— r2—(—_
(r- %) = (115

Centre = (]_—FLR, O)

1
Radius = ———
adius 1—|—R

Therefore,

The values are:



Normalized Resistance R Radius liR Centre (HLR’ )
0 1 (0,0)

7 3 (3,9)

1 3 (3,0)

: 3 (5,9)

5 G (5:9)

00 0 (1,0)

Nature of constant resistance circles

The circle for R = 0 is centered at the origin and has radius 1.
R =0 = Centre = (0,0), Radius=1
This is the outer circle of the Smith Chart.

FrR=1,

1 1
Centre = (5,0), Radius = 3

For R = 00,
Centre = (1,0), Radius=0
This is the open circuit point.

As R increases, the radius of the circle decreases. Hence, the constant
resistance circles become progressively smaller and all of them are tangent at
the point

(Frari) — (170)

Thus, the resistance circles form one family of circles in the Smith Chart.



Q4. Derive the equation of constant reactance
circles on Smith Chart.

Answer:

The normalized impedance is

z=R+3X
The reflection coefficient is

'=T,+jI}

The relation between normalized impedance and reflection coefficient is

1+T
z2=———=
1-T
Substituting,
R+ 171X =
R P vy

Multiplying numerator and denominator by the conjugate of denominator,

(14T, +4T3)(1 — Ty + 4T)
(1 o F'r)z + I‘?

R+jX =

Therefore,

1—-T2 -T2+ jor,

R+ jX =
RS NS

Comparing imaginary parts,

2I°;
(1-T,)%+ F?

Therefore,



X[(1-T,)?+T7] =T,

Dividing by X ,
2T,
1-T,)2 4+ =20
( 7') + 7 X
Expanding,
2I°;
1-T,)2+T?2 -2 =0
( ) + 1 X

Completing the square for I';,

1\? 1
— 2 0 — — : —
(Tr=1)"+ (F’ X) X?

Hence, the equation of constant reactance circle is

(o3 -G

Therefore,

1
= 1  ——
Centre ( , X)

1
Radius = —
| X|

Important observations

1. The centres of all reactance circles lie on the line

I'=1



2. For X > 0, the circles lie above the I, -axis.
3. For X < 0, the circles lie below the I'y -axis.
4. The X = 0 circle becomes the I';. -axis.

5. All reactance circles pass through the point (1, 0) , the open circuit
point.

6. The reactance circles become smaller as |X| increases.

Q5. Write the table of constant reactance circles
and explain their nature.

Answer:

The equation of constant reactance circle is

e o) - ()

1
Centre = {1, —
e (1. 1)

Therefore,

. 1
Radius = —
| X]|
The values are:
. , 1 1
| Normalized Reactance X | Radius T | Centre (1, 7) | |---|---]--- 1 0 | 00

|(1,00) 11 £5 121 (1, £2) [1£111 (1, £1)[1£2] 51 (1,£5) 1]
+51 5 1 (1,£75) 1100101 (1,0)

Nature of constant reactance circles

For positive reactance,



X>0

the reactance is inductive and the circles lie above the horizontal axis.

For negative reactance,

X<0

the reactance is capacitive and the circles lie below the horizontal axis.

For zero reactance,
the reactance circle becomes the horizontal axis itself.

As the magnitude of reactance increases,
| X| = o0
the radius tends to zero, and the circle ends at
(T'r,T:) = (1,0)

Therefore, all reactance circles pass through the open circuit point.

Q6. Explain the construction of Smith Chart using
resistance and reactance circles.
Answer:

Smith Chart is constructed by plotting two families of circles in the reflection
coefficient plane.

The reflection coefficient is
=T, + 4T

The normalized impedance is



z=R+3jX
The relation between normalized impedance and reflection coefficient is

14T

1T

From this relation, two important equations are obtained.

Constant resistance circle

Centre:
R
_—, 0
(%)
Radius:
1
1+ R

For different values of R, a family of circles is obtained.

Constant reactance circle

o e 3) - ()

Centre:

Radius:



1
| X]

For different values of X , another family of circles is obtained.

Construction procedure

1. Draw the I, -axis and I''; -axis.

2. Draw the outer circle with centre at origin and radius 1.
Tl =1

3. Plot constant resistance circles using

Centre = (]_—FLR, 0)

1
1+R

and

Radius =

4. Plot constant reactance circles using

1
tre= (1, —
Centre (’X)

1
Radius = —
| X|

and

5. The upper half of the chart represents inductive reactance.
6. The lower half of the chart represents capacitive reactance.
7. The centre of the chart represents matched load.

z=1+340

8. The right extreme point represents open circuit.



Z =00
9. The left extreme point represents short circuit.
z=10

Thus, by combining constant resistance and constant reactance circles, the
complete Smith Chart is obtained.

Q7. Explain impedance transformation on one-
eighth, quarter-wave and half-wave transmission

lines.
Answer:

For a lossless transmission line, the input impedance at a distance [ from the
load is given by

Zr+ jZytan Gl

Zin = Zo Zy+ jZ tan Bl
In normalized form,
~_ zptjtanpl
" 1+ jzz tan Bl
where,
VA
zL = Zo
and
2T
=%

1. One-eighth wave line



For one-eighth wave line,

A
l=—
8
Therefore,
2T A
l=— X —
B A 8
T
l=—
P 4
tan Bl = tan & =1
4
Hence,
L, o 2t]
m 1 _|_sz
Therefore, for a one-eighth wave line,
L, o At]
" 14 gzt

On the Smith Chart, movement by A /8 corresponds to rotation by 90° on the

constant VSWR circle.

2. Quarter-wave line

For quarter-wave line,

Therefore,



T
l=—
A=

tanBlzta,n% = 0

Using

_ zp+jtanfl
14 jzptanpl

n

Fortan Bl = oo,

1
Zin = ——
ZL
Thus,
1
Zin = ——
ZL
In unnormalized form,
Z2
0
T

This is known as the impedance inverter property of a quarter-wave line.

On the Smith Chart, movement by A /4 corresponds to rotation by 180° on
the same VSWR circle.

3. Half-wave line

For half-wave line,

Therefore,



Blsz
Bl=mx

tan Bl = tanmT =0

27 A
2

Hence,

2+ 40
1 —I-jZL(O)

Zin

Zin = RL

Therefore,

In unnormalized form,

Zin = 2],

Thus, a half-wave line repeats the load impedance at the input.

On the Smith Chart, movement by )\/2 corresponds to a complete rotation of

360° and returns to the same point.

Summary

Line Length Electrical Length Normalized Input Impedance

zp+J

/8 45° Zin = T————

/ ° 1+ 2L
1
A4 90° Zin = —
2L

A/2 180° Zin = 21,



Q8. Explain impedance matching and its need in
transmission lines.
Answer:

Impedance matching means making the load impedance equal to the

characteristic impedance of the transmission line.

For perfect matching,
Z5 = 2y
or in normalized form,
zp =1+ 50

When the load is matched to the line, the reflection coefficient becomes zero.

'=20
The VSWR becomes

S=1

and maximum power is delivered to the load.

Need for impedance matching

In a transmission line, impedance matching between source, line and load is
one of the most important considerations.

If mismatch exists between the impedances, reflections occur on the
transmission line.

These reflections cause standing waves, and as a result, maximum power is
not delivered to the load.

Mismatch causes:



1. Reflected power.

2. Standing waves.

3. Increase in VSWR.

4. Loss of transmitted power.

5. Distortion and inefficient operation.

Therefore, impedance matching is used to eliminate reflections and deliver
maximum power to the load.

Stub matching

A common method of impedance matching uses another transmission line
called a stub.

A stub is a short length of transmission line connected either in series or shunt
with the main transmission line.

The stub is usually terminated in either:

Open circuit

or

Short circuit

Stub matching may be:

1. Single stub matching.
2. Double stub matching.

The stub supplies the required reactance or susceptance to cancel the
unwanted reactive part of the load or transformed load impedance.

Thus, impedance matching is achieved.

Q9. Explain different types of stub matching used
in transmission lines.



Answer:

Stub matching is a technique used for impedance matching in transmission
lines.

A stub is a short section of transmission line connected to the main
transmission line. It is usually terminated either in an open circuit or in a short

circuit.
The stub may be connected in two ways:

1. Series stub.
2. Shunt stub.

Also, depending on the termination, it may be:

1. Open-circuited stub.
2. Short-circuited stub.

Types shown in stub matching

The common stub arrangements are:

1. Series open stub.
2. Series short stub.
3. Shunt open stub.
4. Shunt short stub.

Series open stub

In this method, an open-circuited stub is connected in series with the main
line.

The stub provides a series reactance.

It is used to cancel the unwanted reactance present in the transformed

impedance.

Series short stub



In this method, a short-circuited stub is connected in series with the main
transmission line.

It also provides a required series reactance.

Shunt open stub

In this method, an open-circuited stub is connected in shunt with the main line.

It provides a susceptance which cancels the unwanted susceptance at the
point of connection.

Shunt short stub

In this method, a short-circuited stub is connected in shunt with the main line.
It is very commonly used in practical matching.
For shunt stub matching, it is better to use admittance rather than impedance.

The effective admittance at the point of connection is

Yeff = Y1+ Y2
For matching,
Yesf = 1
where,
y1 =14 b
and the stub must provide
Y2 = —jb1

Therefore,

Yess = 1+ jb1 — gb1



Yerf =1

Hence, the transformed admittance becomes equal to the characteristic
admittance of the line, and matching is obtained.

Q10. Explain single stub matching using Smith
Chart.

Answer:

Single stub matching is a method of impedance matching in which a single
transmission line section called a stub is connected either in series or shunt

with the main line.
For shunt stub matching, the Smith Chart is used as an admittance chart.

The unknowns to be calculated are:
d, = distance of stub from load

[ = length of stub

Procedure

First, normalize the load impedance:

VA

2 = —
Z

For shunt stub matching, convert it into normalized admittance:

1
yr = -
%L

Let

yr =g+ 3b



Plot the point Y1, on the Smith Chart.

Next, draw the constant VSWR circle passing through Y, .

Move from the load point towards the source along this VSWR circle until it
intersects the unity conductance circle.

The unity conductance circle is
g=1
Let the intersection point be
y1 =1+ jb;

The distance moved from Y, to Y1 gives the distance of the stub from the

load:
ds
At the point of stub connection, the line admittance is
y1 =1+ jb
To obtain matching, the stub must provide an equal and opposite susceptance:
Y2 = —Jjb1
Thus,
Yeff = Y1+ Y2
Yers = 1+ jb1 — jby
Yesr =1

Therefore, the line is matched.

Calculation of stub length



For a short-circuited shunt stub, the point corresponding to the required
susceptance

—3b1
is marked on the periphery of the Smith Chart.

The distance measured from the short-circuit point to the susceptance point
gives the stub length:

Therefore, in single stub matching:

d, = distance from load to stub

ls = length of stub

and the final matched condition is

Yerf =1

Q11. Explain double stub matching.

Answer:

Double stub matching is another transmission line impedance matching
technique. In this method, two stubs are connected to the main transmission

line.

The stubs may be open-circuited or short-circuited, but short-circuited stubs
are commonly preferred.

The main idea of double stub matching is to use two adjustable susceptances
to obtain impedance matching.

Need for double stub matching



In single stub matching, both the position of the stub and the length of the stub
are adjusted.

But in many practical cases, the stub position may be fixed.

In such situations, double stub matching is used.

Principle

For shunt double stub matching, the Smith Chart is used as an admittance
chart.

The load admittance is first normalized:

Yy

yL:?O

The first stub adds a susceptance
b1
The admittance after first stub becomes
y1 = yr + jb1

This admittance is then transformed through a fixed length of line between the

two stubs.

At the second stub position, the admittance becomes
/
Yo
The second stub adds another susceptance
Jb2
For matching, the final admittance must be

Yeff = 14 50

Therefore,



Yo + jb2 = 1+ 5O

Hence,

jbe = —jIm(ys)

and the conductance at that point must become unity.

Features of double stub matching

1. It uses two stubs.

2. The distance between stubs is generally fixed.

3. The stub lengths are adjusted for matching.

4. It is useful when the stub location cannot be freely changed.
5. It is commonly solved using an admittance Smith Chart.

6. The final condition for matching is

Yerf = 1+ jO

Thus, double stub matching provides impedance matching by using two shunt
or series stubs.

DERIVATIONS TO REMEMBER

1. Reflection coefficient relation

L 1+T

- 1-T
z—1

T —
z+1

2. Resistance circle



R \?2 1 \?2
FT_— F2: _—
( 1+R)+z (1+R)

Centre = (]_—FLR, 0)

1
Radius = ]_—|——R

3. Reactance circle

RS

1
Centre = | 1, —
e (1. 1)

1
Radius = —
| X]|

4. Single stub matching condition

y1 =14 501
Y2 = —jby
Yeff = Y1+ Y2

Yess = 1+ jb1 — 3b1

Yerf =1




PROBLEMS / SUMS AT THE END

Problem 1. Find the centre and radius of the

constant resistance circle for R = 2.

Solution:

For constant resistance circle,

Centre = (]_—FLR, 0)

1
Radius = ———
adius 1 i R
Given,
R=2
Therefore,
2
Centre = (m,())
2
Centre = | =, 0
o= (2.0)
Radius:
1
Radius = ——
adlus 1 I 2
1
Radius = —
adlus 3




Problem 2. Find the centre and radius of the

constant resistance circlefor R = 5.

Solution:
Centre = (]_—FLR, 0)
Radius = L
 1+R
Given,
R=5

1+5

5
Centre = | —,0
e (2.0}

1
dius = ——
Radius T2 F

Centre = (L, O)

_|_

_|_
1
Radius = —
adius = =

Problem 3. Find the centre and radius of the

constant reactance circle for X = 2.

Solution:

For constant reactance circle,

1
Centre = {1, —
e (1. 1)



1

Radius = —
| X
Given,
X =2
Therefore,
1
Centre = [ 1, =
atre = (1,1)
1
Centre = [ 1, =
ateo— (1.3)
Radius:
1
Radius = =
adlus 2
1
Radius = =
adlius 2

Since X = 2iis positive, the circle lies above the I‘r -axis.

Problem 4. Find the centre and radius of the

constant reactance circle for X = —1.

Solution:

1
Centre = {1, —
entre (X)

1
Radius = —
| X|

Given,



Therefore,
1
Centre = (1, —)
—1
Centre = (1, —1)
Radius:
1
Radius = ——
| — 1
Radius =1
Since X = —1, the circle lies below the I',. -axis.

Problem 5. A transmission line has normalized

load impedance 27, = 2 + 71 . Find the input

impedance for a quarter-wave line.

Solution:

For a quarter-wave line,

Rin = ——
2L
Given,
zp =2+ 41
Therefore,
1
Zin =




Multiplying by conjugate,

241
Zin =
T(2+E -4
231
241
Zin =
5)
2in — 0.4 — j0.2

Problem 6. A transmission line has normalized
load impedance 27, = 1 + 2. Find the input
impedance for a half-wave line.

Solution:

For a half-wave line,

Zin = ZL
Given,
zp, =1+ 352
Therefore,
Zin =1+ 52

Thus, a half-wave line repeats the load impedance at the input.

Problem 7. A transmission line has normalized

load impedance 27, = 2 + 71 . Find the input



impedance for a one-eighth wave line.

Solution:

For a one-eighth wave line,

ozt
1+ jzL

Zin
Given,
2L =2+ 41

Therefore,

2441+
- 1+5(2+41)
2452

1452+ 52

Zin

Zin

Since,

Since,



Zin =1—]

Problem 8. A normalized admittance at the point

of stub connectionis y; = 1 4+ 71.5. Find the
required stub admittance for matching.

Solution:

For shunt stub matching,

Yeff = Y1 T Y2
For matching,

Yess = 1+ 30
Given,

y1 =14 715

Therefore, the stub must provide opposite susceptance:

Yo — —]15

Now,
Yers = 1+ jl.5 — jL.5

Yeff = 1+ 50

Y2 — —]15

Thus, the required stub admittance is

—j1.5




Problem 9. A normalized admittance at the stub

pointis Y1 = 1 — 70.8. Find the required stub

admittance.
Solution:
For matching,
Yerr = 1+ O
Given,
y1 =1—30.8

Let the required stub admittance be

Y2 = jb
Then,
Yeff = Y1+ Y2
1+3j0=1-—30.8+ jb
Therefore,
—370.8+jb=0
jb = j0.8
Hence,

Y2 = j0.8




Problem 10. If Zy = 50(2 and
Z1, = 100 + 350€2, find normalized load

impedance.

Solution:

Normalized impedance is

Zr
2, = —
L 7
Given,
Zo = 5082

Z1, = 100 + 5500

Therefore,

,_ 100450
L= "50

4, — 100 .50
L="50 T%0
2L = 2+ 41

Problem 11. If normalized load impedance is

21, = 2 + 71, find normalized load admittance.

Solution:

Normalized admittance is

yr = —



Given,

Therefore,

ZL=2—|—j1
1
L= 9 h

Multiplying numerator and denominator by conjugate,

o 2-j1
TR -
2 — 41
V=
241
vp =g
yr — 0.4 — 0.2

MOST IMPORTANT FINAL EXAM
POINTS

A W DN =
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. Learn the derivation of constant resistance circles.
. Learn the derivation of constant reactance circles.

. Remember the centre and radius formulas.

. Remember that X > 0 lies above the axis and X < 0 lies below the

axis.

. Remember that the centre of the Smith Chart is matched load.
. Remember that the right extreme point is open circuit.

. Remember that the left extreme point is short circuit.

. For shunt stub matching, use admittance chart.

. For single stub matching:



y1 =1+ 501
Y2 = —jby

Yers =1

10. For impedance transformation:

zp+J
A/8: in — 3
/ ‘ 1+ 2L
1
2L
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