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Improving and Using R-X
Noise Bridges

Here’s how to improve your noise bridge’s measurement accuracy and
capability, and some ways to put your modified noise bridge to work.

By John Grebenkemper, KIBWX
ARRL Technical Advisor
Tandem Computers, Inc
10501 N Tantau Ave
Cupertino, CA 95014

most useful pieces of test equipment

available to radio amateurs. Noise
bridges can be used to measure antenna
impedances, coaxial-cable losses and char-
acteristic impedances, and impedances of
components at different operating frequen-
cies. You can do all of this with commercial
R-X noise bridges that cost less than $60.

Impedance measurements are very im-
portant in design and comstruction of
antennas, Knowing the impedance of an
antenna can allow you to tune it for a more
optimal match than you could with only an
SWR bridge. Knowing how an antenna’s
impedance varies as a function of fre-
quency can allow you to design a matching
network that operates over the desired
frequency range.

Lnfortunately, the noise bridge has not
lived up to its potential. Many past and
current designs yield inaccurate measure-
ments. Furthermore, I’ve never seen a good
description of a procedure for accurately
calibrating the reactance scale of a noise
bridge. Finally, published articles on noise-
bridge use have stipulated that antenna-
impedance measurements must be made
gither at the antenna, or at the end of a
coaxial cable that is a multiple of a haif
wavelength at the antenna’s operating fre-
quency. Cutting such cables is difficult to
do, and even perfect-length cables can
introduce significant errors into the
measurement process. At best, using such
cables vields accurate resuits at only one
frequency.

In this article, I’ describe a few simple
changes that can be made to existing noise-
bridge designs to significantly increase their
accuracy. I’ll also describe a method for
calibrating noise-bridge resistance and re-
actance scales. In addition, I'll show how
to use a noise bridge to measure cable loss,
characteristic impedance and electrical
length, and to measure the impedance of
an antenna—even if it’s 100 feet in the air,

T he R-X noise bridge is one of the

at the end of an arbitrary length of coaxial
cable,

I modified and calibrated my noise
bridge, a Palomar Engineers unit, using the
procedures in this article.

Noise-Bridge Design

The block diagram of a noise bridge is
shown in Fig 1. It consists of a noise source
that may or may not be modulated, an
amplifier, and bridge. An unknown im-
pedance is measured by connecting it to the
UNKNOWN connector. A receiver attached
at the RECEIVER connector is used to detect
bridge balance.

The bridge is balanced when the reactance
in the bridge’s upper arm equals that in the

lower arm. Bridge balance is achieved by
adjusting the variable resistor (R,) and
capacitor (C,) until a null is detected in the
receiver. lmpedance measurements are
made at the frequency to which the receiver
is tuned. The receiver should be operated
in its AM-detection mode, but adequate
results can be achieved in CW or 88B .
modes if AM is not available,
Throughout this article, 1’1l use the series
impedance representation. lmpedance is a
complex guantity, of which the resistance
is the real part and the reactance is the
imaginary part. Both of these are given in
ohms; j denotes the imaginary part. The
impedance of a circuit that has a resistance
of R and a reactance of X is represented as

Medulator
{optional )

'

Noise
Source

Cs
AN it
[RY

UNKNOWN
12yy)

RECEIVER

Fig 1—Block diagram of an R-X noise bridge. R and G, are the variable resistor and capa-
citor used to balance the bridge. Z, is the unknown impedance, which has resistive (R )
and reactive (X ) components. R, and C, are in serigs with the unknown impedance.
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Zo= R+ jX (Eq 1)
The bridge is in balance when

R, = R, - R, (Eq 2)
and

Xy o~ Ky~ X, (Eq 3)
where

R, and X represent the resistive and
reactive parts, respectively, of the
unknown impedance

X, and X_ represent the reactances of
the bridge capacitors,

More information about impedances is
presented in The ARRL Handbook' and
The ARRL Extra Class License Manual 2

Checking Noise-Bridge Acenracy

To check the accuracy of a noise bridge,
you must use good calibration loads. Those
described here consist of a short-circuit
load, a 50-Q load, a 180-0 load, and 2
variable-resistance load. The short-circuit
and fixed-resistance loads are used to check
the accuracy of the noise bridge; the.
variable-resistance load is used in measur-
ing coaxial-cable loss.

Construction details of each of these
loads are shown in Fig 2. Bach load is
constructed inside the body of a UHF plug
{PL-259) connector, When building these
foads, keep leads as short as possible to
minimize parasitic effects. The resistors
must be noninductive (#ot wirewound).
Quarter-watt, carbon-composition resistors
should work fine. The potentiometer in the
variable-resistance Ioad is a miniature PC-

‘Notes appear on p 32.

- 20-100 0.
PC-mount
Polentiometer

|

ol

Fig 2--Construction details of the resistive
loads used to check and calibrate a noise
bridge. Each of the loads is constructed in-
side a PL-259 connector. (Views shown are
cross-sections of the PL-259 bodies only;
the sleeves are not shown.) Leads should
be kept as short as possible to minimize
parasitic inductance. (A) is a short circuit;
(B) depicts a 50-Q load; (C} is a 180-Q load:
(D) shows a variable-rasistance load used to
determine the loss in a coaxial cable.

28 o8

mount unit with a maximum resistance of
100 @ or less. The potentiometer’s wiper
and one of the end leads are connected to
the center pin of the P1.-259; the other lead
is connected to ground.

The first step in noise-bridge calibration
is making sure that the bridge’s measure-
ments do not vary with frequency. Connect
a receiver to the bridge’s RECEIVER con-
nector, and hook the short-circuit load to
the UNKNOWN connector. Tupe the
receiver to the lowest operating frequency
of the bridge, and null the bridge by
adjusting the variable resistor and capacitor
until a dip in signal strength occurs in the
rveceiver, In this state, a perfectly calibrated
bridge will indicate zero ohms on both the
resistance and reactance scales.

When a null is reached, increase the
receiver frequency by a few megahertz and
repeat the measurement. The resistance and
reactance readings shouidn’t change.
Repeat this procedure until you reach the
bridge’s highest operating frequency.

Check the bridge at a frequency a few
megahertz above the bridge’s minimum
frequency with the 50- and 180-Q loads.
With these loads, the bridge should indicate
the appropriate resistance (50 or 180 {2) and
zero reactance. Resistive loads may show
some negative reactance at higher frequen-
cies; this results from the capacitance
{about 5 pF) of the connector. At 30 MHz,
these reactances are about ~2 { for the
50-2 load and - 30 for the 180- load.

Reactance readings should remain con-
stant when frequency is varied with the

short-circuit load, as they should at low
frequencies with the fixed-resistance loads.
With the short-circuit load, resistance read-
ings should remain constant as frequency
is varied.

If the noise bridge passes these tests, the
design is gnod, and you can skip the section
on improvements. My experience with
several commercial noise bridges has
shown me that most are deficient; measured
resistances or reactances vary with fre-
quency—not a good thing. ‘The modifica-
tions described in the next section allow you
to vastly improve a suboptimal noise bridge.

Noise-Bridge Improvements

‘The improved bridge is shown in Fig 3.
| applied these modifications to my noise
bridge; these changes should work in other
noise bridges as well.

The main cause of frequency variation of
the bridge null is the design of the trans-
former (T1 in Fig 1}. The designs that I've
seen use a trifilar winding on a ferrite or
powdered-iron toroid core. This design in-
troduces phase shift across the transformer
secondaries at the higher frequencies, caus-
ing the reactance at bridge balance to vary
with frequency. Some transformers also
have insutficient perrneability in the toroidal
core; this causes resistance readings to vary
at lower frequencies.

Both of these problems can be cured by
using a ferrite binocular core wound as
shown in Fig 4. This binocular transformer
directly replaces the toroidal transformer
in the bridge. This design eliminates phase

[

1
to COMPENSATE

Noise T
Generator

RECEIVER

RANGE

’_-O/Q NC %, H
BV AVAVASS

51 T-xc: "
ok “ {_,5
w._______| F—“_ [ )

UNKNOWN ™

X
G2

G3

Fig 3—Detailed circuit diagram of the improved nolse bridge. This circuit was used to modi-
fy my noise bridge. The existing variable resistor {R2) and variable capacitor (C2) are used
in the modified circuit. The parasitic capacitance and inductance due primarily to R2 are

shown as Cp and Lp in the circuit diagram.
Parts List

C1—2- to 8pF variable; see text.

C2—15- to 150-pF variable.

C3—-20-pF mica.

C4—47-pF mica.

C5—82-pF mica.

L1—Wire loop; see text.

R1—10-0, % W.

R2--250-0, noninductive potentiometer.

$1—8PDT toggle, Radio Shack® 275-625.

T1—Each winding consists of 3 turns of
insulated, solld wire on an Amidon
BLN-43-2402 farrite core., See Fig 4 for
winding detail.
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shift, and the ferrite core has sufficient
permeability to eliminate low-frequency
resistance shift.

Stray Capacitance

After | installed the binocular trans-
former in my noise bridge, I discovered a
second problem that was due to stray
capacitance. Stray capacitance on the
variable-resistor side of the bridge tends to
be higher than that on the unknown side,
primarily because the parasitic capacitance
in the variable resistor, R, is comparatively
high. This capacitance is shown by Cp in
Fig 3.

The effect of C_ is most easily detected
using the 180-{! load. Connect this load to
the UNKNOWN connector, tute the receiver
to the lowest operating frequency of the
bridge, and null the bridge. Use an
ohmmeter 10 measure the de resistance of
the bridge’s variable resistor. If this
resistance is greater than the dc resistance
of the 180-Q load plus series resistor R,
the stray capacitance is greater on the
variable-resistor side of the bridge. The
magnittude of the stray capacitance can be
calculated by

J Ry
Cp ] C.\( —R—E'"':{':"""R";— o !) (Eq 4)

where

Ry, = load resistance (in this case, 180 )

R, = resistance of the variable resistor

C, = series capacitance

This stray capacitance can be compen-
sated for by placing a variable capacitor
{C1 in Fig 3) in the unknown side of
the bridge. If the required compensating
capacitance is only a few picofarads, you
can use a gimmick capacitor {made by
twisting two short pieces of insulated, solid
wire together), To adjust the value of this
compensating capacitor, set the de resistance
of the noise-bridge variable resistor, R,
equal to the dc resistance of the 180-Q load
plus the series resistor. Then, adjust the
compensating capacitor (by trimming its
length) and the bridge’s variable capacitor
until a null is obtained. Make this adjust-
ment at the bridge’s lowest operating fre-
quency. A capacitance of 7.5 pF was
required to balance my bridge.

Stray Inductance

A second undesirable parasitic effect
resuits from stray inductance in the variable
resistor, shown as Lp in Fig 3. You can
detect this stray inductance by placing the
short-circuit load on the UNKNOWN con-
nector and measuring the reactance at the
lowest and highest operating frequencies;
the reactance indicated should be the same
at both frequencies. [f the reactance read-
ing decreases as frequency is increased,
there is parasitic inductance in the variable-
resistor leg, and a compensating inductance
needs to be placed in the unknown leg. if
reactance increases with frequency, the extra
inductance is in the unknown leg, and the
compensating inductance mnust be placed in

Fig 4—Detail of nolse-bridge-transformer -
construction. At A, the circuit dlagram of the
transformer. B and C are the end and side
views, respectively. The transformer is con-
structed on an Amidon BLN 43-2402 ferrite
core. Each winding is three turns of no. 30
enameled wire. One turn is equal to the
wire passing once through both holes in the
ferrite core. The primary winding starts on
one side of the transformer, and the secon-
dary winding starts on the other side.

the variable-resistance leg.

The parasitic inductance, if present,
should be only a few tens of nanohenries.
This represents a few ohms of inductive
reactance at 30 MHz.

The stray inductance is compensated by
placing a single-turn ¢oil, made from a
- to 2-inch length of solid wire, in the
appropriate feg of the bridge. Adjust the size
of this coil until the reactance reading
remains constant from the lowest to the
highest operating frequency. A one-turn
loop made from a 1Y4-inch length of no. 26
wire, placed in the unknown leg, was re-
quired to balance my bridge.

Reactance-Measurement Range

The reactance range of a noise bridge is
dependent on several factors, including
operating frequency, value of the series
capacitor (C4/C5 in Fig 3), and the range
of the variable capacitor (C, in Fig 1). For
esample, at 10 MHz, the reactance range of
my unmodified bridge is from - 800 Q to
130 (1. This is clearly biased toward the
capacitance side. 1*ve measured similar reac-
tance ranges on other designs.’

You can determine the range of reac-
tances that your noige bridge should cover
from the magnitude of the SWR that you’ll
need t0 measure with the bridge. [ wanted
my bridge to be capable of measuring an
SWR of 5:1, referenced to 50 €2, at 30 MHz.
To do this, the bridge must cover z resis-

tance range of 5 to 250 & and a reactance
range of — 120 to 120 Q. At 10 MHz, this
is equivalent to covering reactances from
— 360 to 360 i}, This measurement range is
nearly achieved in the design shown in Fig
3. (The resistance and reactance ranges,
after modification, are 0 to 220 ¢ and
—400 to 230 {4, respectively, at 10 MHz.
Measurement error is estimated to be
+5 84 1+ 10% of impedance].)

A 20-pF capacitor in parallel with C2.
limits C2's range. | added a RANGE switch
to select reactance measurements weighted
toward either capacitance or inductance.
The zero-reactance point occurs when C2 is
either nearly fyully meshed or fully
unmeshed. The rANGE switch nearly
doubles the resolution of the reactance
readings.

I mounted the switch on the back panel
of my bridge, near the UNKNOWN con-
nector. | also added a larger front panel
and larger knobs to the bridge to achieve
better resolution for the resistance and
reactance readings. A template for the
front panel is available from me for an
SASE.

Calibration

Good calibration accuracy is necessary
for accurate noise-bridge measurements.
Calibration of the resistance scale is
straightforward. To do this, tune the
receiver to a frequency near the center of
the bridge’s range; generally, this is around
10 MHz. Attach the short-circuit load to
the UNKNOWN connector and null the
bridge. This is the rero-resistance point,
and should be marked on the front-panel
resistance scale, The rest of the resistance
range is calibrated, using an accurate
ohmmeter, by measuring the increase in
resistance as variable resistor R2 s
adjusted, and then marking these incre-
ments on the front panel; I marked the
scale at 104} increments.

How vou perform the reactance calibra-
tion depends on how you want to read reac-
tances on the bridge. Most of the published
calibration methods provide reactance
readings in terms of capacitance. My
method, however, provides calibration of
the reactance scale in ofms, at a reference
frequency of 10 MHz. The advantage of this
method is that it gives an answer in units
that are most relevant in impedance meas-
urement. The disadvantage of this method
is that the readings must he scaled if the
measurement frequency is something other
than 10 MHz, The equation for perform-
ing this scaling is:

” 10
Xufy = :\“IO T

(Eq 3)
where

f = frequency in MHz

Xujg = unknown reactance at 10 MHz

My reactance-calibration method
requires only a shorted piece of coaxial
cable to serve as a reactance source. (The
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reactance of a shorted, low-loss coaxial
cable is dependent only on the cable length,
the measurement frequency and the cable’s
characteristic impedance.) To calibrate my
bridge, 1 used Radio Shack® RG-8M
because it is readily available, has relatively
low loss, and has an almost purely resistive
characteristic impedance,

Follow these steps to calibrate the
reactance scale:

13 Cut a length of coaxial cable that is
slightly longer than 4 A (246 vy F fouz
about 20 feet for RG-8M). Attach a PL-259
connector to one end of the cable; leave the
other end open-circuited. This cable wil be
used as the calibration standard for the
reactance scale.

2) Coannect the short-circuit load to the-
noise bridge’s UNKNOWN connector and set
the receiver frequency to 10 MHz. Adjust
the noise bridge for a null. Do not adjust
the reactance control after the null is found.

3} Connect the calibration cable to the
bridge’s UNKNOWN terminal. Adjusting
only the variable resistor and the receiver
frequency, null the bridge. The receiver
frequency should be less than 10 MHz; if
it is above 10 MHz, the cable is too short,
and vou’ll need to prepare 4 new one.

4) Gradually cut short lengths from the
end of the coaxial cable until you obtain
a null at 10 MHz by adjusting only the
resistance controf. Then connect the cable’s
center and shield conductors at the far end
with a short length of braided cable. Yerify
that the bridge nulls with zero reactance at
20 MHz. My calibration cable turned out
to he 18 feet, 2 inches long.

5) The reactance scale is now ready for
calibration. The reactance of the coaxial
cable {normalized to 10 MHz) can be
calculated from:

f L, £
xilﬂ i RO Iﬁ tan (27{' 4'7))

where
Xio = cable reactance at 10 MHz
R, = characteristic resistance of the
coaxial cable
f = frequency in MHz
R, is 52.5 @ for Radio Shack RG-8M.
{Note: all trig functions are in radians.)

The results of Bg 6 have less than 5%
error for reactances less than 300 €1, as
long as the toss in the test cable is less than
(1.2 dB. This error becomes significantly less
at lower reactances (2% error at 300 2 for
a 0.2-dB-loss cable). The loss in 18 feet
of RG-8M is (.13 dB at 10 MHz. Data for
using Radio Shack RG-8M is given in
Table 1.

6) Tune the receiver to the appropriate
frequency for the desired reactance (given
in Table 1, or found using Eq 6). Adjust
the resistance and reactance controls to null
the bridge. Mark the reactance reading on
the front panel. Repeat this process until
all desired reactance values have been.
marked. The resistance values needed to
null the bridge during this calibration

{Eq 6)

30 Q5T

Table

Noise-Bridge Calibration Data:
Coaxial-Cable Method

This data Is for Radio Shack RG-8M cable
cut to exactly % A af 10 MHz; the
reactances (calcufated) correspond to this
frequency:,

X Frequency X,  Frequency
(10 MHz) (MHZ) (10 MHz) {MHz)
10 3.318 -10Q 19.376
20 4.484 - 20 18.722
20 5.262 -30 18.048
40 5.838 -40 17.368
50 6.286 - 50 16.701
B0 6.647 -~ G0 16.083
70 6.943 - 70 15.472
80 7.192 - 80 14.936
90 7.404 -g0 14.461
100 7.587 -~ 100 14.045
110 7.746 - 110 13.683
120 7.885 - 120 13.369
130 8.009 -130 13.097
140 8119 -140 12.861
150 8.217 ~15Q 12.654
160 8.306 ~ 160 12.473
170 8.387 - 170 12.313
180 8.460 -~ 180 12.172
180 8.527 - 190 12.045
200 8.588 - 200 11.832
210 8.845 -210 11.831
220 8.697 - 220 11.739
230 8,746 - 230 11,655
240 8,791 - 240 11.579
250 8.832 ~ 250 11.510
260 8.872 - 260 11.446
270 8.908 —- 270 11.387
280 8.942 - 280 11.333
290 8.8975 -290 11.283
300 9.005 -300 11.236
350 9.133 -~ 350 11.045
400 §9.232 - 400 10.905
480 9.311 - 450 10.798
500 9.375 - 500 10.713

procedure may be significant (more than
100 Q) at the higher reactances,

This calibration method is much more
accurate than using fixed capacitors across
the UNKNOWN comnector. You can cali-
brate a noise bridge in less than an hour
using this method.

Measuring Coaxial-Cable Parameters with
a Noise Bridge

Coaxial cables have a number of proper-
ties that affect the transmission of signals
through them. Generally, radio amateurs
are mainly concerned with cable attenuation
and characteristic impedance. However, if
you plan to use a noise bridge to make
antenna-impedance measurements, vou
need to accurately determine not just cable
impedance and attenuation, but also elec-
trical length. Fortunately, all of these
parameters are easy to measure with a thoise
bridge that’s been improved as discussed
earlier.

The first parameter that vou need to
measure is the cable’s electrical Iength.
There are a number of ways of expressing

_the electrical length of a cable, the most

cornmon of which is cable length in degrees
at a given frequency. We’ll express cable
length as the frequency at which a cable is
one wavelength long. This length will be
represented by fy. Follow these steps to
determine f, for a coaxial cable:

1} Tune the receiver to the frequency
range of interest. (f), varies slightly with
frequency, so tune as close as possible to
the frequency of interest.) Attach the short-
circuit load to the noise bridge’s UNKNOWN
connector and null the bridge.

2) Disconnect the far end of the coaxial
cable from its load (the antenna) and
connect the short-circuit load in place of
this load. Connect the near end of the cable
to the bridge’s UNKNOWN connector.

3} Adjust the receiver frequency and the
noise-bridge resistance control for a null.
Do not change the noise bridge’s reactance-
control setting during this procedure. Note
the frequency at which the null is found;
call this f, . The noise-bridge resistance at
the null should be reiatively small (less than
20 ).

4) Tune the receiver upward in frequency
antil the next null is found. Adjust the
resistance control, if necessary, to improve
the null; but do not adjust the reactance .
control. Note the frequency at which this
second null is found; this is {fy ; 2}

5) We can now find the value of n and
the electrical length of the cable. (Round n
to the nearest even integer after calculation.)

21,
I Eq )
fas2 — fn (Eq 7.
4 f
Rl (Eq 8
n

This procedure can aiso be followed
using an open circuit as the termination.
However, the end effects on the open-
circuit PL-259 increase the effective length
of the coaxial cable; this decreases its f;.
If you use an open-circuit cable following
this procedure, n will be an odd number,
not an even number.

The characteristic impedance of the
coaxial cable is found by measuring its in-
put impedance at two frequencies separated
by f,/4. This must be done when the cable
is terminated in a resistive load. Character-
istic impedance changes slowly as a func-
tion of frequency, so this measurement
must be done near the frequency of in-
terest. The measurement procedure is as
follows:

1) Place the 50-Q load on the far end of
the coaxial cable and connect the near end
to the UNKNOWN connector of the noise
bridge. {Measurement error is minimized
when the load resistance is close to the
characteristic impedance of the cable. This
is the reason for using the 50-Q load.)

2) Tune the receiver approximately f,/8
below the frequency of interest. Adjust the
bridge resistance and reactance controls to
obtain a null, and note their readings as
R(fy and X(f). Remember, the reactance
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measured on the front panel must be scaled
to the measurement frequency.

3) Increase the receiver frequency by ex-
actly f5/4. Again, null the bridge and note
the readings as R(f + f,/4) and X(f +
f,/4).

4) Calculate the characteristic impedance
of the coaxial cable using Eqs 9 through 14,
A scientific calculator-is helpful for this.

R = R() x R + £/4)

- X x X{f+1£,/4) (Eq 9
X = R(f}y = X(f + f{,/4) +

X(0) % R(f + f,/4) (Eq 10

Z = JRE ¥ X2 (Eq 11)

Ro = vZ cos (-,1,— tan-! [-}R‘:]) (Eq 12)
1, X

Xy = VZsin (7 tan-1 [E]) {(Eq 13)

Zo=Ro+Jj %X (Eq 14)

From taking measurements on a number
of types of coaxial cabie, 1 found that
nominal 50-Q cables have characteristic
resistances between 45 and 60 £, and
characteristic reactances between —2 and
~ 10 1.

Cable loss can be measured once the
cable’s electrical length and characteristic
resistance are known. The following proce-
dure allows you to measure the cable loss
every f3/4 in frequency. Loss between
measurement points can be interpolated
with reasonable accuracy. This procedure
employs a resistor-substitution method,
and provides much better measurement
accuracy than that achieved by directly
reading the resistance from the noige-bridge
scale.

I} Determine the approximate frequency
at which you want to make the loss measure-
ment by using

f=nx f/4 (Eq 15)

where n is any positive integer.

2 H n is odd, leave the far end of the
coaxial cable open circuited; if it is even,
connect the short-circuit load to the far end
of the cable. Attach the near end of the
cable to the UNKNOWN connector on the
noise bridge.

3) Set the noise bridge to zero reactance.
Tune the receiver frequency and the noise
bridge resistance to find the null.

4) Connect the variable-resistance ioad to
the UNENOWN terminal on the noise bridge.
Without changing the resistance setting on
the bridge, adjust the load resistor and the
bridge reactance to obtain a null.

5) Remove the variable-resistance load
from the bridge’s UNKNOWN terminal and
measure the load’s resistance using an
ohmmeter that’s accurate at low resistance
levels. Refer to this resistance as R;.

6) Calculate the cable loss in decibels
using

£ = 8.69
af = B.6Y -~
Ry

As an example of this method, let’s
calculate the parameters for a 74-foot
length of Columbia 1188 (an RG-58-
equivalent cable), We'll make these calcu-
Iations near the [0-meter band.

With a short-circuit load on the far end
of the cable, we measure nulls at 24.412 and
29.353 MHz. This corresponds to an n of
10, an £, of 9.765 MHz at 24,412 MHz,
and an f, of 9.784 MHz at 29.353 MHz.
With a 50- load on the far end of the cable,
we then make the following resistance
and reactance measurements, ceitered at
28 MHz:

f = 26.777 MHz
R(f) = 64 §
X({f) = ~-22 0
f + /4 = 29,223 MHz
R(f + f,/4) = 500
X(f+ /4= ~24Q
This corresponds to a characteristic
impedance of:

= 56.6 1}

Xy = ~8.30
Zy = 56.6 — ;8.3 8

(Eq 16)

The input resistance of the cable is 12.1 9
with a short-circuit load on the far end of
the cable at 29.353 MHz; this corresponds
to a loss of 1.85 dB.

Using 2 Noise Bridge to Measure the
Impedance of an Antenna

The impedance at the end of a transmis-
sion line can be easily measured using a
noise bridge. What we really want to
measure, though, is the impedance of the
antenna—that is, the impedance of the load
at the far end of the line. There are several
ways to handle this.

1) Measurements can be made with the
noise bridge at the antenna. This is usually
not practical because the antenna must be
in its final position for the measurement to
be accurate. Even if it can be done, making
such 2 measurement is certainly not very
convenient.

2) Measurements can be made at the end
of a ¢coaxial cable—if the cable length is an
exact integer multiple of Y A. This
effectively restricts measurements to a single
frequency. Measuring the impedance of an
antenna across an entire amateur band using
this method results in significant errors.

3) Measurements can be corrected using
a Smith chart, as described in The ARRL
Antenna Book.* This graphical method can
result in reasonable estimates of antenna
impedance—as long as the SWR is not too
high and the cable is not too lossy.
However, it doesn’t compensate for the
complex impedance characteristics of real-
world coaxial cables. Also, compensation,
for cable loss can be tricky to apply. These

problems, too, can lead to significant errors.

4) Lastly, measurements can be corrected
using the transmission-line equation, as dis-
cussed in the Appendix. The transmission-
line eguation can be solved using only a
scientific calculator, but this is rather
tedious to do if more than a few data points
are taken. A better method is to use a
programmable calculator or personal com-
puter to perform the calculations. (1 have
listings for a BASIC program and an
HP-41C calculator program to perform
these calculations. These listings are avail-
able from me for an SASE.) I feel that this
is the best method for calculating antenna
impedances from measured parameters.
But it has the disadvantage of requiring
that you measure some of the antenna’s
feed-line characteristics beforehand—
measurements for which you’ll need to
have access to both ends of the feed line.

The procedure for determining antenna
impedance is to first measure the electrical
fength, characteristic impedance, and at-
tenuation of the coaxial cable connected to
the antenna. After making these measure-
ments, connect the antenna to the coaxial
cable and measure the input impedance of
the cable at a number of frequencies in the
antenna’s operating-frequency baad. Then,
use these measurements in the transmission-
line equation to determine the actual an-

" (enna impedance at each frequency.

Table 2 and and Fig 5 give an example
of such a calculation. The antenna used for
this example is a 10-meter inverted V about
30 feet above the ground. The legs of the
antenna are separated by a 120° angle.
Each leg is exactly 8 feet long, and the
antenna is made of no. 14 wire. The feed
line is the 74-foot length of Columbia 1188
characterized earlier.

See Fig SA. From this plot of impedance
measurements, it is very difficult to
determine anything about the antenna.
Resistance and reactance vary substantially
over this frequency range, and the antenna
appears to be resonant at 27.7, 29.0 and
29.8 MHz.

The plot in Fig 5B shows the true antenna
impedance. This plot has been corrected for
the effects of the cable using the trans-
nission-line equation. This plot shows that
the antenna’s true resistance and reactance
both increase smoothly with frequency.
The antenna is resonant at 28.8 MHz, with
a radiation resistance at resonance of 47 {1
This is just about what you'd expect from
an inverted V.

When doing these conversions, you must
be careful not to make measurement errors.
Such errors introduce more errors into the
corrected data. This problem is most signifi-
cant when the transmission line is approxi-
mately an odd multiple of a guarter wave-
length long and the line SWR and/or attenu-
ation is high. Measurement errors are prob-
ably present if small changes in the input
impedance or transmission-line characteris-
tics appear as large changes in antenna
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'_I‘able 2 Unknown Impedance
Impedance Data for inverted-V Antenna 100 [ vy e )
Ereq X, @ifoMHz X, R, X a ’ HEJ
{MHz) (oﬁms) {ohms) {ohms} (ohms) (ohms) Fig 5—Impedance plot of 2 sl ® e
270 44 85 35 24 -85 an inverted-V antenna cut £ Pt i
272 60 a5 349 26 - 56 tor 29 MHz. At A, a piot of - s . «*e ’_i
274 73 85 3.0 0 - 51 impedances, measured A D VTS i
276 90 40 1485 32 -4 using the noise bridge, at g +
27.8 90 _o0 -T2 85 34 the end of a 74-foot length £ Lunl . }
280 75 ~ 58 ~207 38 -4 of Columbia 1188 coaxial F ]
282 65 65 -220 40 -19 cable. At B, the actual : ]
284 56 -52 -18.3 44 12 antenna-impedance plot 1wl - e I
288 50 - 40 ~140 44 -6 {found using the . o *
288 48 -20 69 47 1 transmission-line equation Frequency (Mtiz}
ég‘o 50 0 0‘0 52 8 to remove the effects of the )
29‘2 55 20 8.8 57 15 transmission line}. a Ressstance A
2 8 ! .r
204 64 30 102 63 21 Festanee
249.6 8 20 6.8 75 26 Antenna Impedonce
258 85 1] 0 78 30 00 ——s ey
300 90 - 50 ~187 89 33 L g S
[F3
@ 50 . P G_i 8
& - . * *
.
o - ot
bl *
impedance. If this effect is present, it can  solving the transmission-line equation than by 3 le* *
be minimized by making the measurements vsing the Smith chart. The impedance tra.nsfog- @ . M )
with a transmission line that is approxi- mation along a transmission line is given by” ’0:‘ 3 B
mately an integer multiple of % A long, 2, coshivf) + Zsinh(yf I :
7, 7y [ 2 :”r) Zofl (vt) (Bq 17) ~100} e L
Conclusions Zycosh (yE) + 2, sinhivf) 2 ! : k
N . Frequency (MHz}
In this article, I've showed how to sub- "
stantially increase the accuracy of an R-X ~ W07T€ input impedance of the transmission line =
. o . A edan
noise bridge and how to u'se.such a brld.ge Z, = characteristic impedance of the trans-
to measure the characteristics of coaxial mission fine
cable and to measure MF, HF and VHF = load impedance ai the end of the trans-  where

antenna impedances. A number of other
useful impedance measurements <an be
made with noise bridges, including com-
ponent impedances. For instance, the
improved noise-bridge I’ve presented here
is sensitive enough to measure the induc-
tance of a 1-inch length of wire at 30 MHz.
[ hope that others will use this informa-
tion to prepare hetter articles for (JS7. In
particular, it would be valuabie for antenna
designs published in future issues of QST
to include measured radiation-resistance and
reactance c¢urves. The improved noise-
bridge design discussed here makes that
possible—at refatively low cost.
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APPENDIX

The impedance transformation that occurs
when a signal propagates on a transmission line
can be soived either graphically (using a Smith
chart) or numerically, (using the transmission-
line equation). The transmission line may be
either open-wire line or coaxial cable. With the
advent of personal computers, calculating
impedance transformation in a transmission ling
is mare easily and accurately done by numerically

a2 05T=

‘mission line

! = length of the transmission line

v = complex propagation constant (y = « +
JB8}

o = aftenuation constant in nepers per unit

length (1 neper = .69 dB)

B = phase constant in radians per unit length
The impedances and the propagation constant
may be complex numbers. The complex hyper-
holic sine and cosine may be found hy

sini(af + jBE) = cos(@l) sinh(cf)

+ Jjsin(B¢) cosh{et) (Eq 18)

cushiof + 30 = cos(30) coshial)

+ fsinBe) sith(af) (Eq i%)
ref . oot

sinh(at) = S (Eq 20)
{a w-ud

coshiad) =20 (Eq 21)

F

For finding the load impedance {with a known
transmission-line input impedance), the
transmission-line equation i best written as

Zgosh(yl) — Zsinh{vd) y  (Eq 22)
( Z,coshiyf) — Zginh(yE)

Zl EN

Most antenna measurements are made through
a fixed length of coaxial cable, Therefore, we'll
assure that of is a single unit that we’ll call the
attenuation of the cable. This is commonly
measured in decibels, but must be converted to
nepers for use in the transmission-line equation.
‘The phase constant can be expressed as a function
of frequency and the length of the transmission
fine by:

gt =

2

(Eq 23}
f,

f = frequency of operation
f,, = frequency at which the transmission line
i5 1 electrical X long

A shorted transmission line is used to measure
fy. To do this, find a trequency at which the
transmission line has zero reactance and a low
resistance (less than the characteristic resistance
of the transmisston line). We'll call this frequency
f,. Increase the frequency uniil the next zero-
reactance, low-resistance point is found. We'll
call this f, , ,. (The n indicates the number of
quarter wavelengths that are present on the trans-
mission line; n is always an integer.)

2F
ne — 7 {Eq 24)
fn+2”‘ f1'|
where n= 2, 4, 6,.
4 f,
F)\ b 2 [.Eq 25)
V)

The value of f, calculated in Eq 25 assumes
that the transnuss:on fine has a nonreactive char-
acteristic impedance. This is generally not true,
hut Eq 25 is accurate nonetheless; it yields an error
of less than 2.5% for a transmission line with lass
than 3 dB loss and a reactive characteristic-
impedance component of less than 10 €.

Transmission-line characteristic impedance is
almost always complex. Good coaxial cable has
a very small reactive characteristic-impedance
component (on the vrder of a few ohms). Cable
characteristic impedance is most easily calculated
by placing a load at one end of the cable and
measuring the impedance at the other end at two
frequencies separated by i/ /4. The input
impedance of the cable is then

(Zy cosh{vf) + Zgsinh(y€))
Zocoshiyh + 2, sinh(yt)

{Eq 26}

240 = 7y

{continued on page 52)
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Product Review

{continued from page 36)

clude this fix. Modified as Chip suggests, the
review FT-747(iX produces crisp, communica-
tions-quality receive audio. Yaesu has released
a technical bulletin giving instructions for
removing the culprit capacitor; you can obtain
a copy of this bulletin by writing to Yaesu,

The selectivity improvement afforded by
the FT-747GX’s narrow (W filter is offset
somewhat by distortion somewhere in the
rig’s receive-audio chain. Because of this, it’s
sometimes easier for me to copy weak CW
signals in the "747°s **CW wide”” mode than
in *CW narrow."’

Overall lmpression

I like the FT-747GX. I don’t miss the
absence of RF-gain-control and IF-shift func-
tions, and 1 had no trouble getting used to
the rig’s detented tuning and tuning-speed
options. Its controls are well thought-out and
casy to use, and its compactness amazes me.
As an added attraction, the FT-747GX works
well as a geperal-coverage LF, MF and HF
receiver. If vou need solid tune-and-talk
communication on a budget, consider adding
an FT-747GX to vour station.

Price class: FT-7147GX, $700; FP-757GX
compact power supply, $220; FP-757THD
heavy duty power supply/speaker, $270;
MD-1B8 desk microphone, $110; FM-747 FM
unit, $45. Manufacturer: Yaesu USA, 17210
Edwards Rd, Cerritos, CA 90701, tel
213-404-2700.

Notes

1t put quotes around AF gain because the RF-gain
controis in most current transceivers actually
adjust /F gain. The receiva RF amplifiers {if
present) in most current MF/HF transceivers

e —

a;eﬂ fixed-gain {often switch-selectable) pream-

plifiars.

“n other words, a keyed TR relay with adjustable
hotd-in time.

MORE TO COME ON THE M¥FJ-1278

The MFJ}-1278 Multi-Mode Data Con-
troller reviewed in July was from an early
production run. There have been several
changes to both the unit’s hardware and firm-
ware. In order to present an accurate picture
of the capabilities and performance of cur-
rently available units, a review of a current
MEFEI-1278 will appear soon in (JST.

SOLICITATION FOR PRODUCT REVIEW
EQUIPMENT BIDS

[In order to present the most objective
reviews, ARRL purchases equipment off the
shelf from Amateur Radio dealers. ARRL
receives no remuneration for items presented
in the Product Review or New Products
columns.—Ed.]

The following ARRL-purchased Product
Review equipment is for sale to the highest
bidder. Prices quoted are minimum accepta-
ble bids and reflect a discount from the pur-
chase price.

Sealed bids must be submitted by mail and
be postmarked on or before August 27, 1989,
Bids postmarked after the closing date will
not be considered. Bids will be opened seven
days after the closing postmark date. In the
case of equal high bids, the high bid bearing
the earliest postmark will be declared the suc-
cessful bidder,

Please clearly identify the item you wish to
bid on, using the tnanufacturer’s name, model
number, or other identification number if
specified. Bach item requires a separate bid
and envelope. Shipping charges will be paid
by the successful bidder, FOB Newington.
The successful bidder will be advised by mail
of the successful bid. No other notifications
will be made, and no information wilt be
given by telephone to anyone regarding final
price or identity of the successful bidder.

Improving and Using R-X Noise Bridges

{continued from page 32}

Zi(f‘f"f)‘f"n ™
. ( 2, sinh(yf) + Zycoshi) } {Bq 27)
c .
"\ Zsinbyty + 7, coshiy)

Eqs 26 and 27 can be manipulated so that the
characteristic impedance can be found by

Zy = NZO TE+ 1/ {Eq 28)

The square root is complex, and may be
calculated with a sclentific caleulator using the
Eqs 29 through 33,

7o R+ JX = ZUDZE + 64 (Rq 29)
[z} = VB2 + X? (Eq 30)
= X i
Rg = ~f |Z| cos| % tan-i R {Eq 31)

;e o 7] e ; -1 X ’
Xy =  |Z] sin{ % tan T (Eq 32)

52 [F1 ¢

Zy = Ry + jX%g {Eq 33)

Transmission-line uattenuation can be
calculated after using this trapsmission-fine im-
pedance equation;

Zi = ZD
Zy [cos(BE) + jatsin (80)]
Zyleos(86) + jaksin (0]
+ Zyleefoost3ly + jsin (8]
+ 2y ledcos(BE) + jsin (8F)]

(Eq 34)

This equation yvields an error of less than
5% -—as long as the transmission-line loss is less
than 3 dB, If the transmission line is an odd
multiple of a guarter wavelength {n = 1, 3,
3,...) and is terminated by an open circuit, or
if the transmission line is an even multiple of a
quarter wavelength (n = 2, 4, 6,...) and is
terminated by a short circuit, the input
impedance is given by

Please send your bids to Kathy McCrath,
Product Bids, ARRL, 225 Main 5t, Newing-
ton, CT 06111,

Advanced Radio Devices model 230A
ME/HF linear amplifier, s/n 0126 (see
Product Review, May 1989 OS7T). Minimum
bid: 54700.

Uniden® President™ HR2510 10-meter trans-
ceiver, s/n 83000616 (see Product Review,
May 1989 QST). Minimum bid: $179.
Kantronics KAM® multimode communica-
tions processor, s/n 74146 (see Product
Review, June 1989 (3ST). Minimum bid:
$220. O]
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QEX: THE ARRL EXPERIMENTERS
EXCHANGE AND AMSAT SATELLITE
JOURNAL

The July issue of (QEX includes:

* “‘Practical Spread-Spectrum: An Experi-
raental Transmitted-Reference Data Modem,”
by Andre Kesteloot, N4AICK. A simple data link
using the transmitted reference approach. Included
is a bricf description of circuitry (most elements
have been described in previous articles}.

* “NET98.EXE: A Japanese Version of the
KA9Q Internet (TCP/IP) Package,”” by
Masahiro Yamada, JKINNT and Takayuki
Kushida, JGISLY. Modifications include the sup-
port of Kanji characters and support of the
PC-9801 series personal computer.

* “Correspondence,” clescribes an easy way to
calculate distance and bearing between two loca-
tions using USGS maps.

s 50" by Bill Olson, W3HQT gives an up-
date of solid-state RF receiving devices.

CFX is edited by Paul Rinaldo, W4RI, and is
published monthly. The spucial subscription rate
for ARRL/AMSAT members is $10 for 12 issues;
for nonmembers, $20. There are additional
postage surcharges for mailing ourside the US;
write to HQ for details,

AR A {Eq 35)
The attenuation of this transmission line can
be found by

R;
Ry

al = {Eq 36)

where R; and R, are the resistive parts of the in-
put impedance and the characteristic impedance,
respectively. The transmission-line attenuation
increases with frequency. An estimate for this
attenuation is given by

o A
allf) = altf,) (—;—) (€q 37
where
0.5 <5<l

This eguation can be used to interpolate between



