‘how to use the

A discussion of

~ the Smith chart
with examples
of its use in
transmissipn-line
| problems

Although articles on the Smith chart have ap-
peared in the amateur magazines from time to time,
amateurs have made little use of this handy trans-
mission-line calculator — probably because it has
been difficult to measure complex impedances with
simple homebuilt equipment. However, this problem
has been solved with the simple impedance bridge
described by W2CTK — at least for the high-fre-
quency range.! With careful attention to lead dress
and component layout this instrument should be
usable on six and two meters as well.

A quick glance at the Smith chart suggests a for-
midable array of curved lines and circles that would
cause the most hardened technician to go into fits of
despair. On the other hand, if you spend a little time
with the chart and look at each of its component
parts, it's not really very complicated. Perhaps the
one thing that scares many prospective users is its
unfamiliar circular shape; it's not at all like the
straight-line graphs you’re accustomed to. However,

Smlth Chart

transmission-line problems much easier and faster
than ever before.

layout of the chart

The Smith chart is basically a circle which contains
various circular scales. The horizontal line through
the center marked resistance component is the only
straight line on the chart and is called the “axis of
reals’” (see fig. 1). Constant resistance circles are
centered on the axis of reals, tangent to the rim of
the chart at the infinite resistance point. All the
points along a constant-resistance circle have the
same resistive value as the pomt where it crosses the
axis of reals.

Superimposed over the resistance-circle pattern
are portions of other circles tangent to the axis of
reals at the infinite resistance point, but centered off
the edge of the chart (fig. 2). The large outer rim of
the chart is calibrated in relative reactance and is
called the ‘‘reactance axis.” Any point along the
same constant-reactance circle has the same reactive
value as the. point where it intersects the reactance
axis on the rim of the chart. All points on the Smith
chart above the axis of reals contain an inductive-re-
active component and those below the axis of reals
contain a capacitive-reactive component. Since the
calibration points go from zero to infinity, any com-
plex impedance can be plotted on the chart.

The impedance coordinates on the Smith chart
would be of little use without the accompanying per-
ipheral scales (fig. 3). These scales relate to-quan-
tities which change with position along a transmis-
sion line. Two scales are calibrated in terms of wave-
length along the transmission line: one, in a clock-
wise direction, is ‘‘wavelengths toward generator,’’
and the other, counter-clockwise, is ‘‘wavelengths
toward load.” The entire length of the circumference
of the chart represents one-half wavelength.

when you understand the chart and have mastered By James R. Fisk, W1HR, (reprinted from the
its use you'll be able to solve complex impedanceand ~ November, 1970, issue -of ham radio)
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normalized numbers

Normalized values must be used when plotting
impedances on the Smith chart.* Normalized imped-
ance is defined as the actual impedance divided by
the characteristic impedance of the transmission line.

Normalizing is done to make the chart applicable
to transmission lines of any and all possible values of
characteristic impedance. For example, a 50-ohm
coaxial transmission has a normalized value of 50/50
or 1. On this basis an impedance of 120 ohms would
have a normalized value of 120/50=2.4 ohms.
Similarly, z=0.8 ohms (the lower case indicates a
normalized value) would correspond to a value of 0.8
times the characteristic impedance of the Ime or
0.8 X 50 =40 ohms.

What has been said about coaxial cable “with

regard to normalized impedance applies equally to
waveguide, where a characteristic impedance of 400
ohms at a specific frequency would be considered
unity in normalized form. All other values would be
related to this value, so that a 560-ohm component
would have the value 560/400=1.4 ohms in nor-
malized terminology, while z= 0.9 in normalized form
would actually be 0.9 x 400=360 ohms

plottmg values on the chart

Any complex impedance, regardless of value, may

be plotted on the Smith chart. For example, assume
the load on a 50-ohm transmission line is 42.5—j31.5
ohms. This is equal to 0.85—j0.63 when normalized.
To plot this point on the chart, locate 0.85 on the axis
of reals and note the corresponding constant-resis-
tance circle (fig. 4). Next locate 0.63 on the peri-
phery of the chart. The quantity () indicates a ca-
pacitive-reactive component so the value 0.63 is on
the lower half of the chart. Note the constant-reac-
tance circle representing —j0.63. The complex im-
pedance 0.85—j0.63 is at the intersection of the con-
stant-resistance and constant-reactance circles.

CONSTANT RESISTANCE.
CIRCLES

fig. 1. Smith chart resistance scales.

Draw a line from the center of the chart through
this pdint to the outer rim. With the point 1.0 on the
axis of reals as the center, scribe a circle that inter-
sects the impedance point. This circle is known as
the “‘constant-gamma circle,” and its radius is equal
to the coefficient of reflection. The constant-gamma
circle crosses the axis of reals at two points; the point

B \;
X G
OMRongr [

REAGTANCE AXIS

' fig. 2. Smith chart reactance scales. - .

’iof"mtersection to the right of center is the standing
- wave ratio (2.0 in this case).

If the voltage were measured at thlS point on the
transmission line, it would be found to be a maxi-
mum. Conversely, the point of intersection one-quar-
ter wavelength away on the left-hand axis of reals is a
point of voltage minimum (this point is also equal
mathematically to the reciprocal of the swr).

The point at the intersection of the radial line and
the angle of reflection coefficient scale represents
the phase of the coefficient of reflection. This is the
angle by which the reflected wave leads or lags the
incident wave. When these two waves add in phase
to give maximum voltage, the impedance is resistive
and greater than the characteristic impedance of the
line and the angle of the coefficient of reflection
is zero.

As you move away from the zero-phase-angle
point in a clockwise direction toward the generator,
the reflected voltage lags the incident voltage, and
the phase angle is negative for the first quarter wave-
length. The reactive component of the impedance in
this region is negative or capacitive.

At the quarter-wavelength (90°) point the incident
and reflected waves are out of phase and the angle of
the coefficient of reflection is +180°. As you con-
tinue in a clockwise direction the two waves become

*Since 50-ohm systems are standard for military and industrial use, 50-ohm

Smith charts are available. On a 50-ohm Smith chart the center point has a
value of 50 ohms.
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fig. 3. Smith chart peripherat scales.

increasingly more in phase and between:one-quarter
and one-half wavelength from the voltage maximum
the reactive component is inductive, the reflected
wave leads the incident wave, and the reflection co-
efficient has a positive angle.

A number of parameters are uniquely related to
one another as well as to-the magnitude- of reflec-
tions from the load and are conveniently plotted as
scales at the bottom of the Smith chart. These para-
meters are.vswr, coefficient of reflection, vswr in dB,
reflection loss in dB, and attenuation in 1-dB steps.

using the smith chart

The general utility of the Smith chart is best illus-
trated by showing examples of its more common
uses. Use of the radially-scaled parameters will be
shown in the same way.

Example 1. Finding standing-wave ratio. A 75-ohm
transmission line is terminated with a load impedance
Z; =30—390 ohms. What is the swr? (See fig. 5.)

1. Normalize the:load impedance by dividing by 75
30-590 —p4- 51.2
75
2. Locate this point on.the chart..

3.. Construct a constant-gamma circle so its cir-
cumference passes through this point..

4. The swr is defined by the point where the con-
stant-gamma circle crosses the axis of reals on the
right-hand side. In this case swr=6.4.

5. The swr may also be determined with the radial
nomograph. This is simply accomplished by marking
a distance equal to the radius of the constant-gamma
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circle on the radial scale labeled ‘““standing wave
voltage ratio.”” The value of swr in dB may also be

- determined from this scale.

swrgg=16.1dB

Example 2. Finding the reflection coefficient () and
angle of.the reflection coefficient () for voltage and
current. A 50-ohm transmission line is' terminated
with a load impedance 65— ;75 ohms. What is the re-
flection coefficient and angle of reflection coeffi-
cient? (See fig. 6).

1. Normalize the load impedance
65—375
50

=1.3-j51.5

2. Locate this point on the chart and draw a line

from the center of the chart through it to the outer
scale.. :

3. Construct a constant-gamma circle.

4. The reflection coefficient may be calculated by
measuring the radii of the constant-gamma circle and
the Smith chart to its first periphery and by comput-
ing their ratio. Smith-chart radius =57/16 inch; con-
stant-gamma radius =32/16 inch. '

32 57

= +==0.56
16 16

p =
5. The coefficient of reflection may also be found
on the radial nomograph. Simply mark the radius. of
the constant-gamma circle on the scale labeled
“reflection coefficient of voltage.” The constant-
gamma radius intersects the radial scale at 0.56. The
“reflection coefficient of power’” may also be deter-
mined from this same scale at 0.314.

ANGLE OF REFLECTION COEFFICIENT IN DEGREES

fig. 4. Plotting impedance coordinates on the Smith chart.



6. The angle of the reflection coefficient is defined
by the intersection of the radial line plotted in step 2
and the "‘angle of reflection coefficient in degrees’’
scale on the rim of the chart.

p=—46°

Example 3. Finding input impedance. A 50-ohm
transmission line 20 feet long is terminated with
Z; =50—750 ohms. What is the input impedance at
the sending end of the line at 14.1 MHz? (See fig. 7.)

1. Normalize the load impedance
50450
50

2. Find the length of the transmission line in meters
by multiplying by 0.3048.*

20 feet X .3048 = 6.096 meters

=1-j1

3. Find the electrical length of the transmission line
at 14.1 MHz. First, determine the wavelength at 14.1
MHz. Free-space wavelength is found by dividing the
speed of light by frequency

_ 3 x 108 meters per second
14.1 x 106 cycles per second

=21.276 m
Calculate the electrical length of the transmission line

6=360° (25_1'02_97%) = 102°=0.28 wavelength
. m

4. Plot the impedance coordinates from step 1 on
the chart and draw a line from the center of the chart
through this point to the outer scale.
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fig. 5. Using the Smith chart to find swr (example 1).
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fig. 6. Finding reflection coefficient with the Smith chart
(example 2).

5. Draw another line from the chart center to the
outer scale at a point 0.28 wavelength clockwise
(toward the generator) from the line drawn in step 3.
Swing an arc from the center of the chart through z,.
to this line. The intersection is at z; = 0.62 +30.7, the
normalized input impedance. To find the actual im-
pedance this value must be multiplied by the line’s
characteristic impedance

Z;=50(0.62+30.7)=31+335

~ Example 4. Calculating load admittance. The imped-

ance of a load terminating a 50-ohm transmission line
is 75 + j82 ohms. What is the admittance of the load?
(See fig. 8.)

1. Normalize the load impedance
z1=(75+782)/50=1.5+1.64

2. Plot this point and draw a line through the
center to the outer scale on the opposite side of the
chart.

3. Swing an arc through z, to the line on the oppo-
site side of the chart. The point of intersection
denotes the normalized admittance

yL=0.305—70.33

4. Calculate the actual admittance by multiplying
the characteristic admittance of the system times the
normalized admittance. The characteristic admit-
tance (Y,) is equal to the reciprocal of the character-

*Although all the computations may be made in feet (or inches) the metric

equivalents are easier to work with. To convert from inches to centimeters,
multiply by 2.54.

march 1978 95



istic impedance

aﬂmMA

=)

L
5

Therefore, the admittance is

KL
BN
SN

&4

G
&

%

~0.33)

0.02 (0.305

Yy

b

i

7

[

.0061 I 0066 mho

- i .v@mm
A ,;M»W»m
&

HHTH

Y
]
8 °c
S 0o
© ‘0
£ .9
[3}
5
- C
S g
..mwt
,mm
c
® O
0 S
£ 0
o <
£ .
[
.mg
E 5
P
m‘...h
% O
O o
; &
i
2T
a3
EE
G =
X o
w s

Ww
AR
AR

TS
%»Wnnﬂnnnnnvﬂvv*%

haceas

oo ..s..mﬁ

=
|
o
o
—
L
b=
4
O
Q
=
@®
£
E
—
)
+—
L2
)
c
L
L
=
o2
o
Q2
[
3
s
Lo
—
o

aljttis

%

ohm line.

H
%%%..

ohms. The 50-ohm line is fed from a 72-
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What is the vswr in the 72-ohm line? (See f

fig. 8. Calculating load admittance (example 4).

34—j24 ohms. Normalize this

is 50(0.68—70.48)
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5. Plot this point on the chart (fig. 9B) and draw a
circle through z4 to the "axis of reals.” The vswr in

the 72-ohm line is 2.5:1. The vswr can also be found
with the radial nomograph as outlined in example 1.

In the upper vhf region ordinary capacitors and

inductors cannot be relied upon to act as pure reac-

fig. 7. Using the Smith chart to find input impedance (ex-

ample 3).

and sections of transmission line are often
used in their place since any input reactance may be

obtained with the proper length of open

tances
cuited line.

r

or short-cir-

1. Normalize the load impedance

(100—30)/50 =2~ 0

LZL=

2. Determine the input impedance at the point

where the two transmission lines are connected, 0.15

PR

\s

wavelength from the load. Plot the normalized load

impedance on the chart and draw a line from the cen-

L7

E

0

ter of the chart through this point. Note that the line

crosses the

wavelengths toward generator’’ scale at

the 0.25 wavelength mark (fig. 9A).

3. Move 0.15 wavelength in a clockwise direction

scale to

the 0.40 wavelength mark. Draw a line from this

’r

14,

along the “wavelengths toward generator

N
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through z;. The intersection of the arc and the radial

line denote the input impedance to the 50
mission line 0.15 wavelength from the load
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fig. 10. Using a transmission line as a circuit element (ex-

ample 6).

4. Find the impedance at point X (fig. 9C) and nor-

malize to the 72-

ohm line. The impedance at point X
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fig. 9. Determining the effect of a characteristic impedance
change (example 5).

Example 6. Transmission lines as circuit elements. It
is desired to obtain +j100 ohms reactance with a 50-
ohm short-circuited transmission line as the circuit
element. What length is required? (See fig. 10.)

1. Normalize the desired reactance
g z=(+7100)/50= +;2
2. Since the line is short-circuited,
Z;=0+30, and zp =0 ohms.

3. Plot these two points on the chart and draw
lines from the center of the chart through each of
them. On the ‘‘wavelengths toward generator’’ scale
there is a distance of 0.176 wavelength between the
two lines. Therefore, a transmission line 0.176 wave-
length long is required for a reactance of +j100. (At
144 MHz, +j100 represents an inductance of
0.11 uH.)

Example 7. Finding matching stub length and loca-
tion. A 50-ohm transmission line is terminated with a
load impedance of 32 +j20 ohms. A matching stub is
to be used to provide a match to the line. Both the
length of the stub (lg) and its distance from the load
(14) are variable; find isand 4. (See fig. 11.)

1. Normalize the load impedance
zp=(32+520)/50=0.64+70.4

2. Locate this point on the chart and draw a line
through it and the chart center, extending the line
through the peripheral scales in the negative, or bot-
tom, portion at 0.336\(0= —62°)

3. Construct a constant-gamma circle through zy,
on through the admittance point y;, and intersecting
the unity conductance circle (G= 1) at point A.

4. Draw a line from the chart center through point
A to the outer scale at 0.348\(or 6= —71°). I;, the
distance from the load to stub, is the distance from
0.336 to 0.348.

lg=(0.348—0.336)=0.012\
6=71°—62°=9° (4.5 electrical degrees)

5. To find the length of the stub, determine the
amount of susceptance necessary to match out the
load. The required susceptance is the difference be-
tween the susceptance at point A and the suscep-
tance at the center of the chart. The susceptance at
point A is —j0.67. The required stub susceptance is

B= +0.67

6. Determine the equivalent stub reactance by tak-
ing the reciprocal of the susceptance (as described in
example 4).

X=—j1.49

7. Locate the reactance —j1.49 on the rim of the
chart (point B). Determine the distance between the
short-circuit point and the required reactance (point
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B) along the “wavelengths toward generator’’ scale.
I;=0.344\. (0=248°, 124 electrical degrees).

For practical reasons it may not be possible to
place a shunt stub only 4.5° from the load. It may be
necessary to increase the distance lp to the next
point where G=1 (not R=1), represented by point
C, fig. 11A. In this case I/p would be measured,
clockwise from 0.336 through 0.50 to 0.151. Using
the reflection coefficient scale, from 8= —62° to
180° plus 180° to +71°, which totals 227°R, or 113.5
electrical degrees. This represents 0.316)\. This will
require a +jX stub, length shown as I, (C), of the
same numerical reactance value as before.

lossy lines
All the examples shown so far have assumed no

attenuation in the transmission line. Since all lines

have some loss, this must be considered to find the
actual case. However, at many amateur frequencies
loss is low enough to be neglected. Nevertheless, at
144 MHz and above, line loss should be considered
when using the Smith chart.

Attenuation along a uniform transmission line
causes the impedance point to spiral inward toward
the center of the chart when moving toward the gen-
erator; when moving toward the load the impedance
point spirals outward toward the rim of the chart.
The rate at which the spiral approaches the center (or
the rim) depends upon the attenuation as well as the
starting point. Impedance points near the rim are af-
fected more per dB of attenuation than points near
the center. :

The attenuation effect is easily determined with
the scale at the bottom of the Smith chart labeled
““transmission loss, 1-dB steps.”” Since the intial
point on this scale must apply to any point on the
chart, it is laid out without numerical calibration. The
opposite attenuation effects of moving toward the
load as opposed to moving toward the generator are

indicated by arrows on the scale which show the pro-

per direction to move the corrected impedance point.
Thus, to determine the effect of 2-dB attenuation,
simply mark off two 1-dB intervals in the proper di-
rection along the scale from the initial starting point
before reading the actual impedance coordinates.

Example 8. Impedance transformation through a
lossy line. A 50-ohm transmission line 24 centimeters
long is terminated with 10—j10 ohms. What is the in-
put impedance to the line at 250 MHz if the attenua-
tion of the line is 2 dB? (See fig. 12.)

1. Normalize the load impedance

2p=(10-710)/50=0.2— ;0.2
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2. Find the electrical length of the line at 250 MHz.
= 300% 108

=__—"""" _=]20cm
250 % 106

The electrical length of the line is

24cm

8= 360°(
120cm

)=172°=0.2 wavelength

3. Plot the impedance from step 1 on the chart
and draw a line from the center of the chart through
this point to the outer scale.

4. Draw another line from the chart center to the
outer scale at a point 0.2 wavelength clock-wise
(toward the generator)-from the line passing through
z7. Swing an arc through z; to this line. The intersec-
tion point denotes z;=0.71+;1.52 ohms. This is the
normalized solution for the lossless case. The rf
energy from the generator-is attenuated 2.0 dB on
reaching z;, and the voltage reflection coefficient is
lower than the lossless case. Since the voltage reflec-
tion coefficent varies directly with the power ratio of
one-way line-attenuation, the reflection coefficient is
reduced to

antilog 2.0(dB) _ 0.631
10
‘5. The reflection coefficient (p,) for the lossless
case is 0.68 (found on the scale at the-bottom of the
chart). ‘The actual coefficient of reflection may be
calculated by multiplying the lossless coefficient of
reflection by the power ratio from step 4.

0.631P,=0.631 (0.68) =0.429

6. Swing an arc equal to the ratio 0;=0.429 so it
intersects the line drawn through z;; the radius of this

o
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fig. 12. Impedance transformation through a lossy trans-
mission line (example 8).
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fig. 13. Using the Smith chart to find load impedance from
vswr and position of the first voltage minimum on a slotted

Jine (example 9).

arc can be found on the “‘voltage reflection
coefficient’” scale on the bottom of the chart. The
normalized impedance for the lossy case is
1.08+71.05. The actual input impedance is

Z;=50(1.08+j1.05) = 54+ 52.5 ohms

slotted lines

At frequencies above 300 MHz conventional im-
pedance-measuring instruments give way to the slot-
ted line. A slotted line is essentially a section of trans-
mission line with a small opening so you can use a
probe to measure the voltage along the'line. Vswr is
easy to determine with the slotted line since-it's the
ratio of the maximum voltage along the line to the
minimum. With the known vswr and -position of the
first voltage minimum, the impedance of the load can
be quickly found with the Smith chart.

Example 9. Calculate the load impedance from the
vswr and position of the first voltage minimum. A 50-
ohm transmission line has a vswr of 2.5; the first
voltage minimum is 0.1 wavelength from the load.
What is the impedance of theload? (See fig. 13.)

1. Draw a radial line from the center of 'the chart
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easier to work with.

through the 0.1 wavelength mark on the “‘wave-
lengths toward load” scale.

2. Find the 2.5 point on the axis of reals and draw a
constant-gamma circuit through this point to inter-
sect with the 0.1-wavelength line.

3. Read the coordinates of this intersection to ob-
tain the normalized impedance of the load

z1=0.56—50.57
Z;=50(0.56—70.57)=28—28.5 ohms

If you use twin-lead or open-wire feedline this tech-
nique could be used to determine the impedance of
your antenna. However, the voltage probe must be

The Smith chart rubber stamp is 10cm (4 in) in diameter.
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held a uniform distance away from the line for all
measurements, and must not be so close that it dis-
turbs the electric field around the conductors.

expahded smith charts

“The more closely an antenna is matched to a trans-
mission line, the closer the impedance points are to
the center of the Smith chart. In a well-designed
system the impedance points may be so close to the
center of the chart that it's difficult to work with
them. When this happens it's best to use an expand-
ed Smith chart. Two versions are commonly avail-
able: one with a maximum swr of 1.59, the other with
a maximum swr of 1.12.

The use of the expanded Smith chart is shown in
fig. 14. In fig. 14A the impedance plot of -a well-
matched 10-meter beam over the low end of the
phone band falls very close to the center of the chart.
When these same impedance points are plotted on
the expanded Smith chart in fig. 14B they are much
easier to read and work with.

where to buy them

Smith charts can' usually be purchased at college
bookstores in small quantities, or in larger quantities
from Analog Instruments Company or General

*Smith charts from Analog Instruments come in packages of 100 sheets,
$4.75 the package. For standard charts order 82-BSPR; expanded charts
(maximum swr=1.59), order 82-SPR; highly expanded (maximum
~swr=1.12), order 82-ASPR. Analog Instruments Company, Post Office
Box 808, New Providence, New Jersey 07974.

Smith charts from General Radio are available in pads of 50 sheets, $2.00
per pad. For standard charts, normalized coordinates, order 5301-7560; 50-
ohm coordinates, order 5301-7569; normalized, expanded coordinates,
.order 5301-7561. General Radio, West Concord, Massachusetts 01781.



Radio.* If you buy directly from the manufacturer,
there’s a minimum order quantity, so it might be a
good idea to get your radio club to sponsor the pur-
chase.

Another solution is the Smith-chart rubber stamp
shown in the photo. This stamp is 10 cm (about 4
inches) in diameter and presents an adequately de-
tailed grid structure for most engineering problems.
The rubber surface of these stamps is cast from
metal dies, and is dimensionally compensated for
rocker-mount ellipticity and shrinkage. The capacity
is well over a million impressions so you should never
be able to wear it out. The stamps are available in
standard (vswr= o) or expanded form (vswr=1.59

fig. 15. Smith chart calculator provides rapid answers to
complex impedance problems.

or 1.12) from the Analog Instruments Company.
Costis $14.75 each.

If you don’t need a permanent record of your
Smith chart calculations, the calculator shown in fig.
15 provides rapid answers to complex impedance
problems. This calculator is constructed from two
laminated plastic discs and a radial arm pivoted at the
center with a sliding cursor. This calculator, which is
9-1/2 inches (24 cm) in diameter, is priced at $9.95
and is available from the Ham Radio’s Communica-
tions Bookstore, Greenville, New Hampshire 03048.
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FREQUENCY COUNTERS

BY POPULAR DEMAND — we are continuing to offer
with any purchase of $99 or more from ad or
flyer, a Fairchild clock module FCS-8100A

(suggested retail price $20).

COMPLETE KITS: CONSISTING OF EVERY ESSENTIAL PART
NEEDED TO MAKE YOUR COUNTER COMPLETE. HAL-600A
7-DIGIT COUNTER WITH FREQUENCY RANGE OF ZERO TO
600 MHz. FEATURES TWO INPUTS: ONE FOR LOW FRE-
QUENCY AND ONE FOR HIGH FREQUENCY; AUTOMATIC
ZERO SUPPRESSION. TIME BASE IS 1.0 SEC OR .1 SEC
GATE WITH OPTIONAL 10 SEC GATE AVAILABLE. ACCURACY
=+.001%, UTILIZES 10-MHz CRYSTAL 5 PPM. I
COMPLETE KIT $149.00

HAL-300A 7-DIGIT COUNTER WITH FREQUENCY RANGE OF
ZERO TO 300 MHz. FEATURES TWO INPUTS: ONE FOR LOW
FREQUENCY AND ONE FOR HIGH FREQUENCY; AUTOMATIC
ZERO SUPPRESSION. TIME BASE IS 1.0 SEC OR .1 SEC
GATE WITH OPTIONAL 10 SEC GATE AVAILABLE. ACCURACY
+.001%, UTILIZES 10-MHz CRYSTAL 5 PPM.

COMPLETE KIT $124.00
HAL-50A 8-DIGIT COUNTER WITH FREQUENCY RANGE OF
ZERO TO 50 MHz OR BETTER. AUTOMATIC DECIMAL POINT,
ZERO SUPPRESSION UPON DEMAND. FEATURES TWO IN-
PUTS: ONE FOR LOW FREQUENCY INPUT, AND ONE ON
PANEL FOR USE WITH ANY INTERNALLY MOUNTED HAL-
TRONIX PRE-SCALER FOR WHICH PROVISIONS HAVE AL-
READY BEEN MADE. 1.0 SEC AND .1 SEC TIME GATES.
ACCURACY =.001%. UTILIZES 10-MHz CRYSTAL 5 PPM.
COMPLETE KIT $124.00

HAL-TRONIX BASIC COUNTER KITS

STILL AVAILABLE -
THE FOLLOWING MATERIAL DOES NOT COME WITH
THE BASIC KIT: THE CABINET, TRANSFORMER,
SWITCHES, COAX FITTINGS, FILTER LENS, FUSE
HOLDER, T-03 SOCKET, POWER CORD AND MOUNT-
ING HARDWARE.

HAL-600X (Same Specifications as HAL-600A)

HAL-300X (Same Specifications as HAL-300A)
HAL-50X (Same Specifications as HAL-50A) ..

PRE-SCALER KITS

HAL-0-300PRE (Pre-drilled G10 board and all com-

ponents) $19.95

HAL-0-300P/A (Same as above but with preamp)
$29.95

HAL-0-600PRE (Pre-drilled G10- board and all com-

ponents) $39.95

. $124.00
$99.00
$99.00

PRE-BUILT COUNTERS AVAILABLE

(HAL-600A — $229.00) (HAL-300A — $199.00) (HAL-
50A — $199.00). ALLOW 4- TO 6WEEK DELIVERY
ON PRE-BUILT UNITS.

HAL-TRONIX
P. 0. BOX 1101
SOUTHGATE, MICH. 48195

“HAL" HAROLD C. NOWLAND

WBZXH PHONE (313) 285-1782
ORDERS OVER $15.00° WILL BE SHIPPED POSTPAID
SHIPPING  EXCEPT ON ITEMS WHERE ADDITIONAL CHARGES

REQUESTED. ON ORDERS LESS THAN $15.00

ARE
INFORMATION: PLEASE INCLUDE ADDITIONAL $1.00 FOR HANDLING

AND MAILING CHARGES.
SEND SASE FOR FREE FLYER
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