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2. IMPEDANCE CO-ORDINATE SYSTEM.

2,1 The use of the Smith Chart (Fig. 1) is similar to the use of a graph. The Chart can
be congidered as a specialized type of graph with curved, rather than rectangular,
co-ordinate lines. The co-ordinate system consists hasically of two groups of
circles, one group for resistance and the other group for reactance.
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Chart),
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ircle is assigned a value of resistance
51l points along any one circle have the
same resistance value., The values assigned to
these circles vary from zero st the top of the
chart to infinity at the bottom, and represent
a ratio with respect to the value assigned to
the centre point of the Chart, indicated 1.0.
This centre point is called prime centre.
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When prime centre is assigned a value of 100

chms, theun 200 ohms resistance is represented
by the circle, 5C chms by the 0.5 cirecle,
20 ohms by the 0.2 circle, and so on.

Jhen a value of 50 ohms is assigned to prime
centre, the 2.0 circle now represents 100
ohms, the 0.5 circle 25 ohms d the 0.2
cirels 10 ohms.
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the only straight

and have a common tangent with the outer circle at the bottom of

FPIG. 2. RESISTANCE CIRCLES.
In eacn case3 the value to be plotted on the Chart is determined by dividing the
actual resistance by the number assigned to prime centre., The nrocess is called
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3. PLOTTING RESISTANCE, REACTANCE AND IMPEDANCE.

3.1 The resistance and reactance curves are combined to form the co~ordinate system of the
Smith Chart. Pure resistance, pure reactance or complex series impedance can be
plotted on this co-ordinate system, as shown in the following examples. From these
examples, note that the same resistance, reactance or impedance can be plotted at
different points on the Chart, depending on the value assigned to prime centre.

3.2 A pure resistance is plotted along the vertical resistance axis at a point equal to
the ratio of the resistance to the value assigned to prime centre.

For example -

(i) When prime centre = 50 chms, a resistance of 200 chms (Z = 200 + jO) is plotted

at point 4.0 on the vertical resistance axis; and a resistance of 30 chms
(z = 30 + 30) at point 0.6.

(ii) When prime centre = 100 ohms, a resistance of 200 ohms is plotted at point 2.0
and a resistance of 30 ohms at point 0.3.

. 3.3 A pure reactance is plotted around the circular reactance axis at a point equal to the
ratio of the reactance to the value assigned to prime centre. Inductive reactances
are plotted on the right-hand (positive) half of the reactance axis, and capacitive
reactances on the left-hand (negative) half. For example -

(i) When prime centre = 50 chms, an inductive reactance of 200 ohms (Z = 0 + 3200)
is plotted at point L.0 on the positive half of the circular reactance axis.

(ii) When prime centre = 100 ohms, a capacitive reactance of 200 ohms (Z = 0 - 3200)
is plotted at point 2.0 on the negative half of the circular reactance axis,

3.4 Impedances are plotted at the points of intersection of the resistance and reactance
curves. Impedances which are predominantly inductive are plotted on the positive
(right-hand) side of the resistance axis; impedances which are predominantly
capacitive are plotted on the negative (left-hand) side. For example —

(i) Consider an impedance consisting of 50 ohms resistance in series with 100 chms
inductive reactance (Z = 50 + j100). When prime centre = 100 ohms, we
normalize this impedance by

dividing each component by 100.
The normalized impedance is -

50 .100 .
150 +3366- = 0.5 + jl1.0.

0 + jO(SHORT CIRCUIT)

This impedance is plotted at the point
of intersection of the 0.5 resistance

circle and the +1.0 reactance circle.

(Point A in Fig. 4).

(i1) When prime centre = 50 ohms, the same
impedance (50 + j100) is plotted at the
intersection of the 1.0 resistance circle
and the +2.0 reactance circle, that is,
at 1 + j2. (Point B in Fig. ).

(iii) With a resistance of 300 ohms in series
with 750 ohms capacitive reactance
(assuming prime centre = 600 ohms), the
. . X oo (OPEN CIRCUIT)
impedance of 300 - jT750 ohms is plotted
at 0.5 -~ 31.25. (Point C in Fig. U4). FIG. h.

RESISTANCE AVD REACTANCE CURVES,

3.5 Short and Open Circuits. A true short circuit has zero resistance and zero reactance,
or 0 + jO. This impedance is plotted at the top of the Chart, at the intersection of
the resistance and reactance axes. An open circuit has infinite resistance, and

is plotted at the bottom of the Chart, at the intersection of the resistance and
reactance axes.
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FIG. 5.
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IMPEDANCES ON THE SMITH CHART.

EXERCISES
1. On the Smith Chart shown in Fig. &, plot and label the following impedance values:-
, Impedance Prime Centre , Impedance Prime Centre
Point (ohms ) (ohms) Foint (ohms) (ohms)
A 40 + jo 100 E 42.6 + j22.5 50
B 200 - j50 100 F 60 - 40 76
c 200 - 750 50 G 0 + ngO 600
D 75 + j250 50 H 300 /0 600
2. In Fig. 5, state the impedance (R + jX) indicated by:-
(a) Point I (prime centre = 100 ohms). (¢) Point K (prime centre = 600 ohms).
(b) Point J (prime centre = 200 ohms). (d) Point L (prime centre = 600 ohms).
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L, WAVELENGTH SCALES.

4,1 The Wavelength Scales near the outer perimeter of the Chart, are calibrated in
fractions of an electrical wavelength along a transmission line. The clockwise scale
starts at the load and progresses toward the generator or input end of the line. The
anti-clockwise scale starts at the generator and proceeds toward the load. The
complete circle represents one half wavelength.

Progressing once around the perimeter of these scales ccrresponds to progressing along
a trensmission iine for a half wavelength. Because impedances repeat every half
wavelength along a line, the Chart can be used for any length by subtracting an
integral, or whole number of half wavelengths from the line’s total length.

.2 This Chart can be used to determine the input reactance of a transmission line of
known electrical length, which is terminated in either a short circuit, an open
circuit, or a pure reactance. The procedure is as follows:-

(1) On the reactance axis, plot the value of line termination, normalized with
respect to the Zo of the line.

{ii) Draw a straight line (or lay a straight edge) from prime cemtre through the
plotted point in (i) to intersect the "Wavelengths toward Generator” scale,
and read the value from the scale.

(ii3) To the reading in (ii), add the electrical length of the line and plot this
value on the clockwise wavelength scale.

{(iv) Draw a straight line from prime centre to the wavelength reading in (iii) and
read the normalized value from the reactance axls at the point of intersection.

(v) Multiply the normalized value in (iv) by the Zo of the line to find the line
input reactance.

4.3 Conversely, the Chart can be used to determine the electrical lengths which will give
a particular value of input reactance, of a transmission line terminated in either
a short circuit, an open circuit or a pure reactance. The procedure is as follows:=-

(1) On the reactance axis, plot the values of line termination and input reactance
nermalized with respect to the Zo of the line,

(ii) Draw straight lines from prime centre through the plotted points in (i) to
intersect the "Wavelengths towards Generator" scale, and read the values from
this scale.

(1ii) Subtract the wavelength readings in (ii) to find the shortest electrical
length of transmission line. (Other lengths are determined by adding
multiples of 0.5 to the shortest length).

4,4 Short Circuited Lines. Fig. 6 shows how to use the Chart to find the input reactance
of a 600 ohm line 0.125)\ long, which is terminated in a short circuit. Using the
steps listed in para. 4.2 ~

(1) Plot the impedance of the short circuit termination (0 + jO) at the top of the
chart.

(ii) Draw a straight 1ine from prime centre through this plotted point, to intersect
the "Wavelengths towards Generator" scale at OA.

{iii) Prom Ox, proceed a distance of 0.125X% around the clockwise wavelength scale.

(iv) Draw a straight line from prime centre to the 0.125A point. Note that this
line intersects the reactance axis at 0 + jl1l.0.

(v) Multiply this normalized value by 600 chms to get O + 3600 ohms. The input
reactance of this line is, therefore, 600 ohms, and it is purely inductive,
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Similarly, when this short circuited line has s length of 0.31), the normalized value
of input reactance is 0 - j2,55. Multiplying this value by 600 ohms, we get

0~ 31,530 ohms. The input reactance of this line is 1,530 ohms, and it is purely
capacitive.

When the length of & short circuited line is 0.25x, its Zin is, theoretically,

infinite (that is, an open circuit). A line which is an odd number of quarter
wavelengths long, inverts the load.

When the length of a short circuited line is 0.5X, its Zin is, theoretically, zero
(that is, a short circuit). A line which is an even nmumber of quarter wavelengths
long, repeats the load.

For lengths greater than 0.5, subtract a whole number of half wavelengths from the
length to give a value between 0A and 0.51. Thus, for 0.625), subtract 0.5\ and
read the value of input reactance as for 0.125).
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EXERCISES

1. Use the method shown in Fig. 6 (refer para. 4.2) to determine the input reactance in ohms
of the following short circuited transmission lines. In each case, indicate whether this
reactance is inductive or capacitive.

(a) Length = 0.176x ; Zo = 600 ohms.
(b) Length = 0,47) ; Zo = 600 ohms,
(e} Length = 0,296) ; Zo = 50 ohms.
(d) Length = 0,75\ ; Zo = 200 ohms.
(e) Length = 0.9\ ; Zo = 72 ohms.

2, What is the shortest electrical length for a short cirvcuited tramsmission line
(Zo = 50 ohms) which has an input capacitive reactance of 100 ohms?
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4.5 Open Circuited Lines (Fig. 7). The impedance of the open circuit termination is
plotted at the bottom of the Chart. Note that the wavelength scale reads 0.25) at
this reference point, from which the length of line is measured., For example, to find
the input reactance of a 600 chm line 0.2) long, move in a clockwise direction to the
0.45) (that is, 0.2 + 0.25)) point on the wavelength scale and read the normalized
value as O - jO.325. Therefore, the input reactance is 195 ohms and it is purely
capacitive.

When this line has a length of 0.4\, read the normalized value at 0.L\ + 0.25x = 0.652)
on the clockwise wavelength scale. This is the same as 0.15X, and the value is
0 + j1.38. Therefore, the input reactance is 828 ohms and it is purely inductive.

For 0.25A, Zin is a short circuit; and for 0.5%, Zin is an open circuit.
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FIG. 7. DETERMINING INPUT REACTANCE OF OPEN CIRCUITED LINES.
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EXERCISES

1. Use the method shown in Fig. 7 (refer para. 4.2), to determine the input reactance in ohms
of the following open circuited transmission lines. In each case, indicate whether this
reactance is inductive or capacitive.

(a) Length = 0.176)\ ; Zo = 600 ohms.
(b) Length = 0.47%x ; Zo = 600 ohms.
(c) Length = 0,296\ ; Zo = 50 ohms.
(d) Length = 0.75\ ; Zo = 200 ohms.
(e) Length = 0.9% ; Zo = 72 ohms.

(Compare your answers with those obtained for the similar short circuited lines referred
to on page 8. What are your observations regarding the nature and magnitude of the input
reactances for similar open and short cireuited lines?)

‘—-—bwwsLENGT
9:0/ S 1o,
0,

0-49

Wary o

001
D LOAD-——1 “
EFLECTION COEFFICIENT
of R N DEGher

0-3% 02
033

0-38
)LN]NOdKOJ aonvisisaulAL Y

07
G

820 5z-0 vZo



THE SMITH CHART FOR R.F. TRANSMISSION LINES.
PAGE 11.

in a clockwise direction around the "Wavelengths toward Generator" scale.

For example, assuming a 600 ohm line terminated in an inductive reactance = 240 ohms,
the normalized impedance is O + jO.4. Note that the wavelength scale reads 0.06) at
this point. When this line has a length of -

0.10x (that is, 0.16) on the scale), Zin = 948 ohms (purely inductive);
0.19% (that is, 0.251 on the secale), Zin = an open circult;
0.36) (that is, 0.42X on the scale) 330 ohms (purely capacitive);
0.h4h) (that is, 0.50A on the scale) a short circuit.

,» Zin
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0.44A + 0.06A
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FIG. 8. DETERMINING INPUT REACTANCE OF LINES TERMINATED IN A PURE REACTANCE.
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EXERCISES

1. Use the method shown in Fig. 8 (refer para. 4.2) to determine the input reactance in ohms
of the following transmission lines terminated in a pure reactance (X+v). In each case,
indicate whether this reactance is inductive or capacitive.

(a) Xv = 0+ j20 ohms ; Length = 0.25) ; Zo = 50 ohms,

(b) Xv =0 - j50 ohms  Length = 0.1x ; Zo = 50 ohms.

(e) Xr = 0 - j400 ohms ; Length = 0.2x ; Zo = 600 ohms.

(d) Xv =0 + j330 ohms ; Length = 0.56A ; Zo = 300 ohms.

(e) Xv =0 - j440 ohms ; Length = 0.432) ; Zo = 200 ohms.
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EXERCISES

1. What is the shortest electrical length for an open circuited transmission line

(Zc = 300 ohms) which has an input impedance of 0 + j75 ohms?

2. 4 transmission line (Zo = 600 ohms) is terminated in an inductive reactance of 300 ohms.

What is the shortest electrical length of this line which has an input impedance
equivalent to -

(a) an open cirecuit, (b) a short circuit, (e) 0 - 300 ohms?
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5. STANDING WAVE RATIO CIRCLES.

5.1 Standing Wave Ratio (SWR) circles are not printed on the Chdrt but may be added with
a drawing compass during the process of solving problems. They are centred on prime
centre and appear as concentric circles inside the reactance axis. Just as the
outer circle around the reactance axis gives the values of Zin for various line
lengths for the extreme conditions (short circuit or open circuit), SWR circles give
the values of Zin for various lengths of lines with other terminations.

An SWR circle indicates the maximum and minimum impedance variations along a line,
which are related to the maximum and minimum voltage values, that is, VSWR. 1In
practice, the VSWR value for a given circle is determined dirsctly from the Chart, by
reading the resistance value at the point where the circle crosses the resistance
axis, below prime centre. (The reading where the circle crosses the resistance axis
above prime centre, indicates the inverse ratio).

5.2 For example, assume that a load mismatch in a length of line causes a VSWR of 3 : 1.
When line losses are negligible, the VSWR remains constant throughout the entire
length of this line. This is represented on the Chart by drawing a 3 : 1 constant
SWR circle (a circle with a radius of 3 on the resistence axis) as in Fig. 9. It is
of interest to note that the outer circle {(reactance axis) of the Chart, represents
an SWR circle with a value of infinity.

5.3 SWR circles are drawn to determine the Zin of a transmission line terminated in either
a pure resistance not equal to the Zo of the line or a complex impedance (R t jX).
The procedure is as follows:-

(i) Normalize the load impedance and plot the normslized value on the Chart.

(ii) Draw a constant SWR circle passing through the plotted point., The standing
wave ratio is indicated by the reading on the resistance axis below prime
centre, at the point of intersection with the SWR circle.

(iii) Draw a straight line from prime centre through the plotted point to intersect
the "Wavelengths toward Generator" scale, and read the value from the scale.

(iv) Using the value obtained in (iii) as the reference point, proceed in a
clockwise direction around the wavelength scale, a distance equal to the
length of the line., Draw a straight line from prime centre to this point.

(v) Read the normalized value of impedance atthe point where this line intersects
the SWR circle., Multiply this value by Zo to determine Zin.

5.4 A similar procedure is used to determine the load impedance when the Zin, Zo and
length of line are known; except that we plot the normalized Zin as the starting
point and use the anti-clockwise "Wavelengths toward Load" scale.

5.5 Load Resistance less than Zo. Fig. 9 shows how to use the Chart to find the Zin of a
600 ohm line 0.35)A long, which is terminsted in a load resistance of 200 ohms.
Using the steps listed in para. 5.3 -

(1) Plot the normalized value of load resistance {0.33 +.30) on the Chart.
(ii) Draw a constant SWR circle through this plotted point and note that the VSWR
reading is 3 : 1.
(iii) Draw a straight line from prime centre through the plotted point, to intersect
P 1Y P >
the "Wavelengths toward Generator'" scale at OX.

(iv) From Ox, proceed around the clockwise wavelength scale a distance of 0.35i,
and draw a straight line from prime centre to this point.

(v) This straight line intersects the SWR circle at 0.8_— J1.0. Multiplying
this normalized value by 600 ohms, gives a Zin of 480 - j600 ohms for the
line.
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Similarly, when a 6C0 ohm line 0.25h long is terminated in a load resistance of 200
ohms (one third of Zo), the value of Zin is 1800 ohms (three times Zo) and it is
purely resistive. A line which is an odd number of quarter wavelengths long,
inverts the load.

Conversely, when the length of this line is increased to 0.5k, the input resistance
ig the seme as the load resistance (200 chms). A line which is an even number of
uarter wavelengths long, repeats the load.

Tor tengt

afy greater than 0.54, subtract a whole number of half wavelengths from the
langoh to give a value between Ox and 0,5A. Thus, for 0.85X, subtract 0.5) and
read the value of input impedancs as for 0,35X.

(iii) OA

Y
b way
549 o.OfLE”GT

. S 1o

3 Cly,

0B, & Y .—’—._“-’o‘».‘g?“‘\-. Oe05 TARp sy

A1 002 _ypRD LOADE— %43 0. 5Rg

“‘ﬁ/ gxne TN e REFLECTION SOEFFICIENT 1y oo TN

I )ﬁ‘i’:&/‘fﬁ—-&—w o3y N

B IR Ny o
< : o )

=gy
{iv) 035\

FIG. 9.




THE SMITH CHART FOR R.F. TRANSMISSION LINES.
PAGE 16.

‘EXERCISES

1. Use the method shown in Fig. 9 (refer para. 6.3) to determine the Zin of the following
transmission lines terminated in a pure resistance (R+) less than the Zo of the line.
In each case, express Zin in the form R * jX.

(a) Rv = 100 ohms; Length = 0,35\ ; Zo = 300 ohms.

(b) Rt = 200 ohms; Length = 0.605x ; Zo = 600 ohms.

(¢) Rv = 10 ohme; Length = 0.1n ; Zo = 50 ohms.

(d) Rr = 40 ohms; Length = 0,25% ; Zo = 200 ohms.

(e} Rt = 120 ohms; Length = 0.6) ; Zo = 600 ohms.
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5.6 Load Resistance greater than Zo. Fig. 10 refers to a 600 ohm transmission line 0.35x
long and terminated in a load resistance of 1,800 ohms. Note that the straight line
drawn from prime centre through the plotted point (3 + 30) corresponding to the
normalized value of load resistance, intersects the "Wavelengths toward Generator"
scale at 0.254, from which the length of line is measured. This line has a VSWR of
3 : 1, a normalized Zin of 0.49 + j0.62, and an actual Zin of 294 + 3372 ohms.

When this line is 0.25) long, Zin = 200 ohms and is purely resistive; and for 0.5,
Zin = 1,800 chms and is purely resistive,
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(iii) OA + 0.25A

FIiG. 10, DETERMINING Zin OF LINES TERMINATED IN PURE RESISTANCE GREATER THAN Zo.
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"EXERCISES

1. Use the method shown in Fig. 10 (refer para. 5.3) to determine the Zin of the following
transmission lines terminated in a pure resistance (Rx) greater than the Zo of the line,
In each case, express Zin_in the form R + jX,

(a) Rr = 600 ohms. Length = 0.16) ; Zo = 200 chms.
(b) Rv = 300 ohms. Length = 0,09\ ; Zo = 100 ohms,
(e) Rt = 400 ohms. Length = 0,39\ ; Zo = 200 ohms.
{d) Rt = 600 ohms. Length = 1.1\ ; Zo = 300 ohms.
(e) Rt = 840 ohms, Length = 0.26) ; Zo = 200 ohms.
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5.7 Line Terminated in Complex Impedance. Fig. 11 applies to a 50 ohm transmission line
terminated in a complex impedance of 25 + j25 ohms. The SWR circle indicates that

this line has a VSWR of 2.67 : 1. For a length of 0.3\, the normslized Zin is
0.6 - j0.65 and the actual Zin is 30 - j32.5 ochms.

From this Chart , we can determine that the Zin is purely resistive and equal to
50 x 2.67 = 133.5 ohms when the length is 0.162A (that is, 0.25\ on the scale).

Also, Zin is purely resistive and equal to 50 x 0.375 = 18.75 ohms when the length is
0.412x (that is, 0.5\ on the scale).
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FIG. 11. DETERMINING Zin OF LINES TERMINATED IN COMPLEX IMPEDANCE.




THE SMITH CHART FOR R.F. TRANSMISSION LINES.
PAGE 20.

EXERCISES

1. Use the method shown in Fig. 11 (refer para. 5.3) to determine the Zin (in the form
Rt jX) and VSWR of each of the following lines terminated in a complex impedance (Zr)

(a) Zr = 300 - j300 ohme ; Length = 0.338\ ; Zo = 600 ohms.
(b} Zr = 40 + j100 ohms ; Length = 0,26 ; Zo = 100 ohms,
(¢) Zr = 240 - j600 ohms ; Length = 0.25% ; Zo = 600 ohms.
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EXERCISES

1. The input impedance of a 300 ohm transmission line which is 2.15) long at the applied
frequency, is measured at 500 - j600 ohms. Determine:-

(a) the VSWR on the line;
(b) the value of load impedance (in the form R + jX).
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6. REFLECTION COEFFICIENT SCALES,

6.1 In addition to the line input impedance {or load impedance) and the VSWR, the Chart
reveals several other operating characteristics of a transmissiocn line system., For
example, the ang}e of reflection cocefficient for a particular load is given. This
indicates the angle by which the reflected voltage lags the incident voltage wave at
the load. The value in degrees is read from the line drawn from prime centre through
the plot of the load impedance where the line intersects the "Angle of Reflection
Coefficient" scale, which is included just inside the wavelengbths scales. Note that
angles on the left half, or capacitive reactance side, of the Chart are negative
angles, a "negative lag" indicating that the reflected voltage wave leads the
incident wave.

For short circuited lines {(Fig. 6) or lines terminated 1n a load resistance less than
Zo {Fig. 9), Ehe anglp of reflection ccefficient is 180 , that is, the reflected
voltage is 180° out of phase with the incident voltage at the load.

For open circuited lines (Fig. 7) or lines terminated in s Load resistance greal
than Zo (Fig. 10), the angle of reflection coefficient is 0°, that is, the refl
voltage is in phase with the incident voltage at the load.

(Dcl“

For purely inductive loads or for lines terminated in a complex impedance which is
predominantly inductive, the reflected voltage lags the incident voltage by an angle
between 0° and 180°. For example, in Fig. 8, this angle of lag is about 126.7%; in
Fig. 11, it is about 116.5°,

Conversely, for purely capacitive loads or for lines terminated in & complex
impedance which is predominantly capacitive, the reflected voltage leads the
incident voltage by an angle betwesn 0° and 180°, and is read on the left

of the Chart.

6.2 Also, on some versions of the Chart, the values of reflection coefficient, reflection
loss, and the 4B equivalent of the VSWR on the line, etc., mey be read from either
external scales at the side of the Chart or a cursor pivoted at prime centre,

T. EXPANDED SMITH CHART.

7.1 Fig. 12 shows an expansion of the centre portion of the Smith Chart which is used For
greater accuracy with small values of VSWR. The use of this Chart is similar to thst
shown in previous examples.

7.2 Efamgle. The Zin of a A00 ohm 1

ransmission line terminated in an impedance {Zr} is
measured at 570 - j60 ohmsg ., Ass

uming the length of the line is 0.25\ determine -
{a) the value of load impedance;

(b) the VSWR on the line,

fe 0.25) I
° i
i
i
Zin = 570 - j60 OHMS Zo = 600 OHMS Z7 { LOAD IMPEDANCE = 7
—_—
o

VIWR = ?
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Solution, The procedure is gimilar to that outlined in para. 5.4. The results of

the steps are plotted in Fig. 12.

(1) The normalized Zin s 0,95 -~ jO.1.
(i1) The comstant SWR circle indicates that the VSWR is 1,118 : 1.
{111} The siraight line from primez centre through the plotted point inmtersects the
"Wave lengths toword Load” scale at 0,082,
(iv) From this point, procesd in an anti-clockwise direciion, a distance 0.25x
around the scale. (This corvesponds to a scale reading of 0.342x).
; ntre to this point intersects the SWR circle
of 1.04 + 50.11, which gives a load

7))

1w normalized 1

impedanee of 82
Answers: fa) 24 + j66 ohms; (b) VSWR = 1.118 : 1.
)

7
Gin) OX + 90927 i3 :
77 e

ININOAVIO2

(%)

FIG. 12. USING THE EXPANDED SMITH CHART.
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8. TEST QUESTIONS.

1. A 600 ohm transmission line is terminated in a load impedance of 200/0° ohms.

What is
the shortest electrical length (in wavelengths) of this line which has a Zin = R - jX
where R = 300 ohms?

) inaloawod 3o8vISISaY

o7y
u
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2. When a 600 ohm transmission line is terminated in a load resistance, a VSWR of 2 : 1
exists on the line and a current node occurs at the load.

Determine -

(a) the line impedance at a point 0.2Xx back from the termination;
(b) the angle of reflection coefficient of voltage at the load.
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ANSWERS

Page 5. Page 16.

2. (a) 20 - j50 ohms. 1. (a) 240 - G300 ohms.
(b) 40 + j600 ohms. (b) 315 + j390 ohms.
(c) 90 + j630 ohms. (c) 15 + j35 ohms.
(d) 0 + Jo ohms. (d) 1,000 + jO ohms.

Pace 8. (e) 180 + j420 ohms.

1. (a) X[ = 1,200 ohms. Page 18.

(b) Xgc = 114 ohms. 1. (a) 92 - j110 ohms.
(c) Xc = 170 ohms. (b) 92 - 4110 ohms.
(d) Open Circuit. (e) 180 + j135 ohms.
(e) Xc = 52 ohms. (d) 230 - j210 ohms.

2. 0.324) (e) 47.6 + jO ohms.

Page 10, Page 20.

_ 1, (a) 1,560 + jO ohms.

1. (a) Xg = 300 ohms. VSWE = 2.67 : 1.
(b) X1, = 3,160 ohms.

(b) 35 - j87.5 ohms.
VSWE = 6.8 : 1.
(e¢) 210 - j525 ohms.
VSWR = 6.3 : 1.

(¢) Xr, = 15 ohms.
(d) Short Circuit.
(e) Xr, = 100 ohms.

Page 12. Page 21.

B ?Zj i({g: ffihféﬁ'."s’ L. ;Zj ;‘;g T
(e¢) X[, = 480 ohms, J oM «
(d) X1, = 660 ohms. Pages 24 - 27,

(e) Open Circuit. 7 0. 390,
Page 13. 2. (a) 330 - j150 ohms.
(b) 0°.

L. fa) 0.2691. 3. (a) VSWR = 2.67 : 1.

2. (a) 0.177x. (b) 116.5° leading.
(b) 0.427x. (c) 0.176Ax.

(c) 0.354x. 4. (a) VSWR = 1.142 : 1,

(b) 270 - j24 ohms.

END OF PAPER.



