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PRACISI0ON FREQUENCY WRASUHEWENT
Il ThE WeDIUM«AVE ARD ThE
SHORTWAVE BROADCAST BANLS

By Charles A. Taylor

PHILOSUPEY Precision Frequency Measurement (PFM) has
already proven its value to those who use it exten—
sively. Scme typical uses for PFM are identifying new
{(previously unlogged) broadcast stations, identifying
old (previously logged) stations, and recognizing
facility chanpges (new transmitters). If the DXer has
a 1list of PFMs at hand, he can quickly determine if
the identity of that statlion thkat is heard alone or
mixed with others, is that of a station whieh he has
lor-ed before or one that he 1s seeking. While not a
certain identifier of the unidentifled, under the
proper circumstences it approeches 100% certainty.
TECHNIGQUES Having passed briefly on the value of PFM,
Tet us sadress ourselves to a method used to mcguire
them. In preparing this article, I limited myself to
techniques for PFM that are based on usage of the
digital frequency counter as the device that measures
the frequency indirectly. Specifically exclud=d sre
frequency meters (such as the Lampkin 150 or the mil—
itary BG—221 or LM) as being impractically expensive
or incapable of the required resolution, which 1s on
the order cne Hertz (one=thousandth of one kilohertz),
or sbout 0.0001%; or better.

The digital frequency counter (hereafter simply
"ecounter") is a versatile instrument which provides a
dirset, visual readout of whatever frequency is being
measurecd. Briefly, a counter uses an electronic gate
which is opened for predetermined, precise periods of
time (for our purposes, one second or ten seconds) «
The unknown frequency that 1s to be measured is made
to pass through this electronfc gate. Electronic
counting devices then count each and every cycle of
the unknown frequency that passes through the gate
during the respective perlod of time, and the count
at the end of that pericd is tlhien displayed on numer—
icnl devices =s a count readout which 1s the same as
the unknown frequency. The electronic gate is openad
and closed by a time base, termed s "cloock". This
clock is electronic in its operation and 1s con—
trolled by a very precise crystal oscillator of 1 MHgz,
10 MEz, or some other fresquency typically between 3
and 5 MHz.

A counter cannot be connected to the unmodified radio
receiver in any configuratlon that would yield freg—
uency measurements of a resclution required for PFM.
Assuming a receiver I-F bandpass of 4 kHz, connecticn
of a counter to the receiver IF would merely yleld
relatively invariable resding centered on 455 kEz—
meaningless for PFU.

Connection of a counter to the receiver local oscil—
lator would yleld s readout that would bear a rela—
tively constant and accurate relationship to the
signal frequency. The drawback is that in receivers
designed for mediumwave and shortwave reception, the
local oscillator usually "tracks" the signal freq—
uency with an offset equal to the I-F frequenoy. A
counter connected to the local oscillator would read
out (assuming an IF of 455 kHz) a frequency 455 kHz
above the signal frequency and so necessitate sub—
traction of 455 kHz from each snd every measurement
to derive the signal frequency. A further hinderance
is the lack of an indicator in the unmodified receiver
that 1t is tuned accurately so that the I=F fregquency
could be exactly centered in the I~F passband. is
would yileld a readout accuracy of only plus—or-minus
2 kHz or worse (after subtraction of 455 kHz from the
counter readout), depending on the width or shape of
the receiver passband.

A counter cannot simply be connected to a radio
antenna in order to measure specifié radio freg—
uencies, for two reascns: first, the typical counter
lacks the high sensitivity necessary to measure the
feeble radio signals that arrive after a transoceanic
voyage; second, the counter 1s inherently incapable
of distinguishing whioch of many radio frequencies

that are applied to its input is to be counted—and it
cannot count them all simultaneously.

The above hinderances to the construction of a work—
able PFM station by direct conneotion of the counter
to the radio receiver, plus the unwillingness of
DXers, even though technically competent, to perform
the necessary modifications upon thair receivers,have

inspired a relative simple solution—=tre b
Method.

Hetercdyne

Heterodyne Method of Freguency Messure fie
nearly universal solution to the problem of acqgulring
PFiis without verforming receiver modifications, hrs
been to use the heterodyne frequency measurerent sys—
tem, whose typlcal components are renresented in the
following block dimgram (the arrows indieste the
direction of signal or information fiow unon tie
interconnections between the components):

| 3 4 6
BT ,%’ o RS e

c 0

vk, Fhe

(~)§

Blocks, end their descriptions:

1. freguency counter

2. transfer oscillator (abbreviated TO) a varisble
radlo—frequency oscillator, chosen and designed for
its frequency stability (a critical quelity for PFM
applications¥

3. varlable attenuator a device which attenustes, or
reduces, the ouftpouf of the transfer ocscillator in a
controllable manner to overmit it to be adjusted so
that it 1s aporoximately equal in strength to that
of the unknown signal frequency

4., heterodyne detector a device which detects the
difference in frequency between the transfer oscill—
lator and the unknown signal freguency, and which
converts this difference to a form ussble by the
indicating device; while numercus devices will
serve as a heterodyne indicator, the single device
used by the DXer 1s a radio receiver

5. %ggicatigg device a device which accepts the

requency difference information from the heterc—
dyne detector, and converts it intc a audible or
visible indicetion; some indicating devieces used
are "S"-meters, loudspeakers, oscilloscopes, and
strip recorders

6. unknown rreguenoi the slgnal whose freguency is to
e measured, typleally as accepted from an antenns

In operation, the counter (block 1) continuously
measures the frequency of the transfer osclllator
(block 2); the transfer oscillator is made to zero—
beat with the unknown signal freguency by observing

‘the combined indications at the output of the

heterodyne detector (block 3). Since under conditions
of zero—beat, the transfer oscillator assumes a fre—
quency nearly identical to that of the unknown signal
frequency, the counter will measure a freguency which
1s essentially the same as the unknown signal fre—
quency.

Exclusive of the counter, already deseribed, we will
describe typical catagories of squipment used for

_eaoh block.

Iransfer oscillator Typically, a signal gensrator or
a modified frequency meter is used as a TO. A freg-
uency meter, as modified, 1s particularly suited for

. this application for two reasons: first, in consider-

ation of its original purpose as a frequency—
mesasuring device, it is designed for maximized freg—
uency stabillty; second, it will include a freguency
vernier in its complement of controls. Such a control
permits the monitor to adjust the frequency of the TO
in minute increments—essential for accurate zero—
beat (A frequency meter, when used as a TO, is not
used directly as a frequency-measuring device;
rather, the counter measures its freguency.

This eliminates the need for a calibration book and
interpolative readout, which is the source of inaccur-
acy in the use of freguency meters.).

Howsver, ready avaiiability has encouraged the use of
signal generators of varying manufacture as a TO. Most
signal generators of the oontinuously variasble—
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frequency variety are not optimized for this appli-
cation, but nevertheless are of almost universasl util-
ity ms—is for use as a TO. Few signal generstors
include a frequency vernier control for incremental
frequency ad justment, but the alert operator will dis—
cover that oneratlon of the varisble attenustor will
have a fmall effect on the signal generator freguency
output.” In my experience, even laboratory—grade
signal generators of the continuously—varisble fre—
guency veriety disolay thils unintentionsl, albeit
useful, quirk of behavior.

Ancther shortcoming assccliated with signal generators,
especlally those of consumer—grade gquality, 1s short—
term frequency instabllity whieh manifests itself as
difficulty in maintaining zero-beat with the signal of
unknown frequency. This shortcoming becomes progress—
sively mcre acute at 8SW frequencies, nerhaps render—
ing the signsl generator worthless at these freguen-
cies unless modified. A solution fer this problem
will be relaeted leoter in this article.

Fortunately, optimization of = signal generatcr for
use as & TO iz not 4ifficult for the DXer of medium
compatence to accomplish. What 13 required is the
addition of a frequency vernier control (a small, air-
veriable trimmer capacltor or a voltage—variasble—
capacitance diode and pctentiometer combinaticn) to
the frequency—determining elements of the signal gen—
erator, and addition of voltsge regulation to the sig-
nal generator power sunply.

Variable sttenuator A degree of attenuation is
necessary in introducing the 10 output into the heter-
odyne detector, when performing a PFM upon all but

the strongest local signals. This 1s necesaary
because, in order to achlieve a zero—best of maximum
clarity and definition, both the TO output and the
unknown signal must be of approximately equal inten—
sity. A serious unbslance of intensity betwasn the

two would allow the stronger to "swamp" the weaksr,
rendering the zesro—beat lnaudible. Plasecing an atten—
uator in the output of the TO i1s necessary because

s maximum output may well be one million times more
intense than the signal whose frequency is to be
measured,
The varisble attenuastor which is included as one of
the controls of a signal generator, has scme limita—
tions which must be tsken into account in PFl usage.
First, in the typicsl signal generstor, the wvarilable
attenuator intervenes between the Instrument's inter—
nal oscillator and its output jack. If the signal
generator were connected directly to the counter input
Jack, the wide range of adjustment of the variable
attenuator could not be used. This is the csse,
because in ad justing the variable attenuator in order
to reduce the signal generator output to an intensity
which would be equal to that of a relatively wesk slg-
ngl, it would probably be found that the output would
be so reduced a2 to fall below the sensitivity thresh-
0ld of the counter, which would then cease to count

the signal generator frequency. In order to aveid this

“difficulty, a logical solutlon would be to modify the
signal generator to permit connection of the counter
in the signal path before the variasble attenuator,
such that the counter would "see" the unattenuated
output of the signal generator internal coscillator,
uneffected by the variable attenuator.

An alternate solution would be to buy or construct an
outboard variable attenuator whose input would be con-
nected to the signal generator output jack, along witl
the counter input, and whose output would be connectec
to the heterodyne detector (the signal generator
internal attenustor would be set for maximum signal
ganerazgr g“tp?téﬁ Iniboth alternatives, manipulation
respectively o e
attgnuator gr of theso%%%gaggnzigigglgnternal verigne
attenuator would have relatively little affect upon
zhe %ntensity of the aignal applied to the counter
nput.

Unfortynately, while logically valid, both alter—
natives have related pitfalls. These will be dis—
cusased later.

Heterodyne detector As indicated earlier, the single
evice used as a heterodyne detector by the DXer, is
a radlio receiver. The DXer's own receiver is the log—

ical candidate for this funetion. Part of the ver—
2atility of the PFM technique depends on the receiver
used by the DXer. In order to measurs a signal's
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frequency, 1t must obvilously be audlbls on the
receiver that 1s used as a heterodyne detector,
indicating that sensitivity is an important fsc
Another important factor is selectivity, in o
separate the slgnal of Interest from otrer, unde
signsls on &djacent frequencies.

Generally, the more elaborate the recelver, the more
useful 1t will be in this function.

The output of block three, the variable attenuator,
may be connected to the entenns connection of block
four, the heterodyne detector (radile receliver),
through a medium—value resistor (1 kilchm), through

a small—value capacitor (10 picofarads), or it may
radiasted to the recelving antenne by a small radistor
antenna (such as a whip antenna of some 3 feat). The
glternatives have difficulties of likely encounter,
which will be discussed later.

OPERATION To illustrate the operaticn of a PFM sta—
on, and tc acqualint the reader with some of the

consider the measurement of an unknown freguency.

Assuming that the monitor hss tuned the receiver to

a slgnal whose frequency 1s to be measured, with the
recelver BFO off, the TO is tuned to the e freg—
uency. Since, by the process of locstling the unknown
signal frequency on the dlal of the recelver, =
coarse frequency me=zsurement has been performed;
tuning the TO would be a matter of anproaching tle
signal frequency until an audible heterodyne is noctsad
in the loudspeslker or headset (Unless s strong
nal has been tuned in on the receiver, the variable
attenustor should be set for a medlum—to-low Y0 gut-—
put in order to prevent the generation cf spurious
responses dus to overlioad of the receiver that may be
mistaken for the TC frequency 1tmelf.).

When the heterodyne 1s heard, the
is adjusted for maximum loudnes
{without disturbing the TO Ireguen
dition 1s achieved, the TO put
such that it 1s of sporoximately
unknown signal. (Alternstively, &
frequency has been adjusted such t
heterodyns (i.e. & carrier bezt)
with the unknown signal

pator for maximum "su

TCO output 1s approx tely equal In strength
of the unxnown signal.)

The next step is tc adjust the i0 f:
it to zero-beat with the unknown r
the entire procedure, this
ive atep to the anprantice
located at the midnoint wl

piteh and begina to riss agaln, as
1s adjusted.
Aporoximate zero—beat will be identifled whern th

frequency of the TO has been so adjusted ths
1s set up with the unknown frequency, ancé that by
minutely edjusting TC frequency vernier control, the
rapldity of the SAE can be varled and ccntrclled.
Assuming that approximaste zerc—beat has been acguired,
the TO frequency vernler control shouléd be minutely

ad justed such that the SAH, as evidenced by the
regular, pericdic swing of the receiver S-meter, slows
down and stecps. This condition should persist for at
least 5 seconds, before the TO frequency drifts to an
extent that 1t must be read justed for exact zero—beat.

Assuming that the SAH frequency has been brought to
essentially zero, such that the receiver S—iatar
Temalns in a relatively fixed position, the TO freg—
uency will be equal to that of the unknown sirnal.
The frequency read—out of the countsr, alons with the
date of measurement, can then be recorded. It would
be wise to make at least three conascutive freguency
measurements of this sort,sach time readjusting the
TO frequency vernier control for an exact zero—beat
before making the measurement, The several measure—
ments may then be averaged and any fraction of a
Hertz appearing in the average should be rounded off
to the nearest Hertz.

CAVEAT While the foregoing procedure may appear on’
s face to be simple of execution, it may well be
difficult until experience refines one's techniques.
Some of the pitfalls that may be encountered will be
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pointea out so that thie spprentice monites may avoia
a mnltitude of erroneous measurements,

Beware, in adjusting the TO frequency initially to
that of the unknown frequency, that the TO output has
not been adjusted to such a level that it generates
false, spurious responses in the receiver. If in
doubt, the outnut of the TO should be adjusted to near
minimum initially. The approximate frequency of the
unknown signal may be estimated by its position on the
receiver dial and in relation to the frequencies of
known, adjacent signals. Ths TO may be adjusted to
this approximate freguency by alternately observing
the TO frequency on the counter and the TO frequency
dial calibration. When satisfied that the TO frequency
i3 near the approximate signal frequency, the TO freg—
ueney may be "rocked", or swapt back and forth across
this approximate freqguency while simultaneously
inereasing the TO putput until a heterodyne 1s
observed.

Care is necessary in initially adjusting the TO outputy
as previously emphasized, to avold genersting snurious
responses by overloading in the receiver. A simpls
method that will assist in determination whkether or
not the heterodyne observed in the preceding steps, is
a true response or a spurious one, is to carefully

"rock" the recelver across the combined two signals.
If the heterodyne frequency between the pair changes,
the response is almost certeinly a spurious one. If,
however, the heterodyne frequency remains constant,
the response is more likely to be a true one.

A true response may be mimicked by a beat between the
T0 frequency and another strong MW or SW signal. In
this Instance, the heterodyne frequency between the
spparent TO signal and the unknown mey remain constant
when the receiver is rocked across the combination,
but the moduletion of the signal with which the TO
signal 1s comblnlng, may appear to ride in on the TO
slgnzl. A true response can also be mimicked by het—
erodyning a harmonic of the TO against the unknown.
While this is not strictly speaking a true response
(since & TO harmonic 1is classifiably a spuriocus
radlation), it has its uses. A harmoniec of the TO
frequency would be recognized when the counter and the
dizl of the TO dlsplay a frequency which is one—hslf,
one~third, one—fourth, et al., of the approximate un—
known freguency-

To gain valuable experlence, 1t would be of advantage
for the apprentice monitor to measure the frequency of
stations whose freguencles are known positively. Also,
mzasursment of such freguencles over a perlcd of time,
bssides providing experience, will allew the appren—
tice monitor to observe frequency fluctuastions of
these familliar frequenclies and to acquaint himself
with the limitations of his own equipment.

LIMITATIONS ANL DIFFICULTIES Some brief references
have been made to limitations and difficulties that
Telate to the 10 and its operation. We will now add—
Tress our sattention to scme other equipment limitations
and attendant difficulties of likely encounter.

Counter and TC direct radlation In attempting to per-—
form PFls on any but the strongest MW and SW signals,

it may be found that the signals of unknown freguency

are "swamned" by the TO cutput—even though the vari—

sble attenuator has been adjusted for minimal TO out—

put. This 1s a manifestation of direct radiation from

the TO or counter, situatiom in which radlo-frequency

energy is being radisted from the TO or counter power

line cords, Interconnecting cables, chassis, or chas—

sis openings, to the receiver antenna.

Iwo sclutions immediately present themselves. First,
efforts toward perfecting the shielding and filtering
of TO and counter chassis and leads; additional by-—
passing of power line cords, using ceramic dise or
mica cspacltors of moderate capacitance (about 1000
pF) plus series inductances of several microhenries,
inserted in esch lead of the power cords (this filter—
ing beling accompllished within the TO and counter
enclosures); and use of coaxial cable intercomnections
between the TU and the counter, will serve to reduce
the "floor" of direct radiation. Second, 1t would be
helpful to locate the monitor station at some mimimal
distance from the receiving antenna, using a cosxial
feedline to interconnect the two.

The first solution has been found to be of limited
effectivity in the author's own situation. It was
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found that the greater portion of the cdirect racdluetion
smanated from the resdout apnerture of the author's
counter (a Hesth IB-1101). Use of a shield fashioned
from copper screen and fastened within the readout
spperture and bonded to the counter clsssis, may be
effective. The suthor's deslre to avoid modaitication
of the gounter ruled out this alternative Lowever, sc
no experience can be related. Howsver, even the
Hewlett—Packard 5245L freguency counter has been
observed to rsdiste radio-freguency enerzy via the
readout anperture, so it is thought that suchk a sclu—
tion may only be partly effective (Likewise, lsbora—
tory grade signal generators have been found to be
"leaky" of radio—freguency ensrgy.)

The second sclution will probably be effective in
limiting the level cof stray radlation that reaches the
recelver, sssuming a senaration of several meters
between the monitor statlon and the receiving antenns.
In the suthor's own experience, this solutlicn vwas com—
pletely effective with a separation of thres msters
between the monitor statlion and receiving antenna. Tre
difficulty with this solution is thst it doas not
relate to the minimal distance likely to be erncourr=
tered between the monitor statlon and a loon &
A Space Magnet may be relatlively insenzitive
rediation, as it is designed to respcné only to
magnstic component of a passing redio wave wh
lgnoring the electrostatic fleld—mode by which the
stray radlation is probably rasdisted.

USES Other typical uses for the PPM monitor statdion
follow,

A grﬁguencx messurement It 1s simple to determine
the nown frequency of a test tone that is being
transmitted by a broasdeast statlion. This is accom—
plished by measuring first the station carrier freguen-
¢y, recording that quantity, and then meassuring the
frequency of either sideband. The difference in fre—
quency between either sideband and the carrier 1s equal
to the frequency of the test tone.

To meassure the frequency of either sideband, it is
possible to take one of three approaches. The first is
to zero-beat the TO with either sideband: After measur
ing the carrier frequency, and without altering the
varlable attenuator setting, carefully increase or de—
crease the T0 frequency until it 1s found to cause sn
SAH with either sideband. This will ocour when the TO
frequency is offset from the carrier freguency by an
amount equal to the test-tone freguency (typically

400, 500 or 1000 Hz). To 1llustrate, consider a typice:
case of a station operati on 2500 kHz, which is
tranamitting a test tone of 1000 Hz:

rig. 1

) fo fo

£y lower sideband (2499 kHz)
fo carrier (2500 kHz)
fo upper sideband (2501 kHz)

R
|
£ig,. 4 1
- e |

initial TO TO frequency

frequency f after offset

f1 lower sidebend (2499 kHz)
fe carrier (2500 kHz)
fo upper sideband (2501 kHz)
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Two sidebands, 2499 kHz and 2501 kHz, are generated by
the moduletion process and transmitted along with the
carrier, as i1llustrated in fig. 1. In fig. 2, the TO
is brought to zero—beat with EE& station carrier, as
shown. At this juncture, the counter should read out
£2500.000 kHz. Then the TO freguency is varied upwards
until it is approximately equal to the freguency of
the upper sideband, at which time there would appear
an SAH on the receilver carrier meter. The TO frequency
vernier would be minutely adjusted to bring this SAH
to zero, at which time the counter would reasd out
3%1.000 kHz. To determine the test—tone fregquency,
subtract the carrier frequency from the upper sideband
frequency, i.e. 2501.000— 2500.000=1.000 kHz, or the
test—=tone frequency.

The second approach 1s to measure the carrier freqguency
as in the first spproach, and then, while listening to
the frequency of the heterodyne that i1s introduced by
detuning the TO from zero—beat with the station car—
rier, adjust the TO frequency until the heterodyne
formed by the TO and the carrier 1s heard to be equal
in frequency (or piteh) to that of the test tone. At
this instant, an SAH will be produced which can be

be brought to zero—best by minutely adjusting the TO
frequency vernier. The TO frequency thereby becomes
equal to whichever sideband is zero-beat,

The third approach requires a highly selective receiver
for accomplishment. Invoking the receiver's maximum
selectivity, return the receiver to either sideband at
which time the test tone will become inaudible and the
sideband selected alone will be apparent. The sideband
may then be measured in frequency in the normel manner.
Then tune the receiver to the carrier and measure its
freguency. As before, the test—tons frequency is equal
to the difference in frequency between either sideband
end the caerrier.

All three approaches require recognition that sideband
frequencies that are generated in the A-H modulation
process are discrete r—f energles that are transmitted
simultaneously with the cerrier, and that each sideband
i1s individually measureable in freguency.

Freguency Check messurements With a cerefully call-—
bratea PFM station, the experienced MW monitor can

accurately measure the frequency of a MW station, as
can & frequency-monitoring service. Freguently, when
faced with with severe cochannel interference, a fre—
guency monitoring service will measure the frequencles
of both sidebands of & broadcasting station which 1is
modulating with test tone, and average the two to
determine the carrier freguency. Such an option is
available to the MW monitor. Correct measurement of
test—tone modulation freguency and of the carrler fre—
quency of a broasdcast statlon which 1s conducting a
frequency—check transmission, may be sufficilent evi—
dence for a cooperative chief engineer to lasue s
verification.

A similar opportunity may be available to both the MW
and the SW monitor in recording the frequenecy error
of a particular transmitter over a period of time (e.
g. several days), for submission as evidence of recep-
tion for correlation with the records avallable to a
chief engineer; for the issuance of a verification.
The author recently received an unsolicited (but very
much welcomed) verification for submission of a
record of several days' meassurements.

Heterodyne freguency messurement Measurement of the
frequency of a heterodyne is identlical to measurement
of a test=tone frequency, save that a heterodyne 1s
created by the beating of two radio freguencles while
test—tone modulation produces three frequencies (two
sidebands and a carrier). If the monitor's receiver
lacks sufficient selectivity to determine whether a
particular tone on a broadcast channel 1s the result
of modulation by some station or of an audible fre—
quency difference between two station carriers, it can
be determined by measuring frequencies that exists in
the immediste vieinity of the channel. A test—tone
broasdcast would yleld three related freguencies whlle
a2 heterodyne would yield only two freguencies.

Receiver fresguency spotting The PFM equipment can be

used as & most useful adjunct to & receiver with
medioere dial frequency calibration. In this applica—
tion, the TO i1s set at a frequency which the monitor

wishes to tune; and the receiver is tuned until the
T0 cutput is sudible, thua tuning the recelver to the
desired frequency exactly.

While using the PFM equipment in this function. 1t is
necessary for the monitor to become acqualinted some—
what with overload cherscteristics of the receiver
and the degrees of output produced by the TO at var—
ious settings of the TO variable attenuator. This is
necessary because in setting the TO variable atten—
netor for an excesslvely high output, spurious respon-
ses may be generated in the receliver which could be
mistaken for the TO output freguency; likewlse, an
insufficiently low setting of the TO variable ztten—
ustor may render the TO output obscure or inaudible.
Expsrience is of value in determining the optimum

TO varisble sttenuator setting for frequency—spotting
applications.

Some TOs have facilities for amplitude-modulating the
TO0 output with & test tone of some freguency, typi-
cally 400 Hz or 1000 Hz. So modulated, a TO output
frequency will becoms more consplcuous for freguency—
apotting purposes.

When modulating e TO for frequency spotting, increase
the percentage of modulstion of the TO incrementslly
to maximum while observing the counter reasdout; st
some high degree of modulation, it will probably be
found that the counter resdout will bescome erratic

and unstable. Note or record this degree of modulation
and sveid advencing the modulation control to this
setting. Avoid using the modulation function of t he

TO while making frequency measurements.

ERRORS INHERENT IN PFM There are certain sources of
error inherent in the PFM process. If the sources of
these errors are recognized and understoocd, they cen
be minimized.

Time—Base Error Reviewing the brief description of =
gite requency counter presented in the beginning

of this article, 1t will be remembered that the time

base determinea the perlod of time that the electrenic

gate 18 opened for a precise perlod of one second.
an input of exactly one megahertz (one megaeyele per
second) were applied to the imput of the counter, then
exactly one million oycles would transit the gate, to
be counted by the electronic counting devices, and
displayed on the counter readout as a count of
1,000,000 Hz (or 1,000.000 kHz, depending on ths
placement of the declmsl pointﬁ. If the gate perioc
18 changed to precisely 10 seconds, then exsotly s
million cycles would transit the gate to be coun
end displayed s 10,000,000. Depending on the plece-
ment of the decimal point, this would be resd =
1,000,000.0 Hz, or as 1,000.0000 kHz, with the least
significant digit (the digit to the extreme right,
ebbreviated L3D) representing tenths of & Hertz (the
L3D represents one-Hertz units in the case of s one-
second gate period). ]

If the gate period were not exactly one second in
duration, the number of eyocles passed to the counting
devices would not be exactly one million. Sinee tre
gate period 1s controlled by the time base, an error
in the time—base frequency will cause an error in the
number of ecycles counted. The error in the ecount (as
averaged over a number of counts) will be propor—
tional to the error in the time—base frequency.
Obviously then,the time—base frequency must be & very
closely controlled quantity. Generally it is, but
beware of the counter whose time base !s controlled
by the 60-Hz, power-mains frequeney; the short—terms
stabllity of which is much too poer for our purposes.
Counters to be reviewsd later in this article will
not possess this class of time base.

In order to be able to perform PFMs of an accuracy
approaching 1 Hertz in the mediumwave band, and 5
Hertz in the shortwave bands; the stability of the
time base must be about twice to ten times the
desired resdout accuracy. Since an average of 1 Hz st
1 MHz Iin the mediumwave band is the gosal (stated as
one part per million, or 1 p.p.m as abbreviated),
then & time—base stability of 0.1 p.p.m. (or restated
as one part in ten million) is indicated. Fortunstely,
such a stability 1s achieved by the time basss of
even some of the simplest counters. In order to
achieve spproximately l-Hz accuracy in the ll-meter
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shortwave band, a time—base stabllity of one part in
300 million (or 0.003 p.p.m.) is indicated. Unfortun—
ately, a counter whose time base cen achieve this
stabilfywould be expensive; the monitor would haveto
be contented with impaired accuraey at those frequen—
cles. An asoccuraecy of 50 Hertz in the 11 m.b. might be
considered a worst—case figure. Experisnce indicates
that an accuracy of about 10 Hertz is fessible in
that region.

Time~base error is minimized by eareful calibration
of the time base and by a counter warm—up period of

at least one—half hour before use. Since most coun—
ters either have a time base whose freguency is 1 MHg,
or have a calibration output of 1 MHz; cslibration is
facilitated by observing the beat freguency between
the harmonic of the time base and one of the frequen-
cles transmitted by WWV, WWVH, JJY, et al. In using a
time and frequenecy stanéqrd station for ealibration,
select the highest standard station frequency that is
audible consistently in your ares (usually 10 MEz dur—
ing the winter and 15 or 20 MHz during the summer) and
ad just the time base of the counter for slowest SAE
ageinst the standard station (when celibrating =
counter time base, a warmup period of at least one
hour prior to calibration is necessary).

D%gitalization Error Beside an error in time—base
equency which over several counts will ceuse a pro—
portional error in the counter readout, another source
of error inherent to digital counters 1s digitalization
error. Digital counters sre onfoff devices which only
respond to & specifiec point on an input waveform.
Since the counter gate may open at & random time in
relationship to the frequency that is to pass through
it (remember that the gate is only required to remain
en for a specific period of time), there i1s an uncer-
%ainty as to which portion of the waveform of the in—
coming frequency will firat appear when the gate 1s
first opened; and so whether or not the specific por—
tion of the waveform that triggers the counting
devices will have already passed.

To illustrate, assume that the counting devices only
respond to that portion of the incoming waveform (the
square waveform is the appearance that the TO waveform
will have after passing through the counter input pre—
conditioning eircuitry) that is marked "A" in the fol—
lowing figures 3 through 5:

gate opens gate opensa
at this time at this time
- -
e A ‘T
..... oo el o [odRGLld. . o0g
time { time time
Fig. 3 Pig. 4 Fig. 5

If, as in figure 4, point "A" of the first oycle of
the incoming waveform just passed by the gate, has yet
to arrive, the counting devices will be able to count
it as it passes. If, as in figure 5, point "A" has
already passed when the gate opens, the counting
devices will be unable to count it. The result is
that, to take the example of a 1-MHz input frequency,
the counting devices may count 999,999 Hertz;
1,000,000 Hertz; or 1,000,001 Hz. This uncertainty in
the LSD (the digit to the extreme right) is a manifes-
tation of the digitalization error. There will always
be this 4+ l—sount uncertainty inherent in any counter
that lacks a synchronized gate (the case with most of
the counters that the DXer 1s likely to acquire).
Since plus—or-minus one count out of a frequency of
100,000 Hz is a greater percentage of that freguency
(0.001%)than it is of 1,000,000 Hz (0.0001%),

or of 10,000,000 Hz (0.00001%); this error is of
greater consequence at a lower frequency than it 1is
at a higher frequency. In this respect, a counter's
acouracy increases with frequency (disregarding time—
bese error and assuming that we do not exceed the
counter's gut—off freguency, i.e. that freguency
above which the counter ceases to count). In order to
reduce the percentage of the digitalization error at

"they are on rroguenoias

lower frequencies, we can increase the gate period
(for exemple, from one second to ten seconds, or even
to one hundred seconds) and so minimize the digitali-—
gation error as a percentage of the total number of
cycles counted. Likewise, we can make a serles of
independent measurements and rely on

statistical probability to average out the error. For
mediumwave PFMs, unless a counter with a ten—second
gate (and a TO of correspondingly greater stability)
is avallable, we must rely on making several measure—
ments and averaging the individual results. For
shortwave PFMs, the digitalization error is about
proportionsl to the frequency to be measured; at 10
MHz, it becomes nearly negligible.

Synchronization Error Also termable zero—beat error,
his error is caused by the lack of a perfect zero—
beat between the TO frequenecy and the signal of
unknown frequency. While a perfect zero—best, 1.e. &
perfect synchronization in frequency between the TO
and the unknown frequency, is a practical impossibil—
ity; an error of 0.1 to 0.25Hz 1s an easily attalned
minimum at mediumwave frequencies. The error at short—
wave frequenscles is apt to be greater, perhaps 0.5-1.0
Hz without especial care. This is true because the
relatively rapid fade charscteristics of SW signals,
especially those that have been propasgated vis a polar
or near-polar path, tend to obscure the zero-beat.

Lacking an oscilloscope with long—term luminescent
phosphor or a strip recorder for use as an indieating
device (bloek 5 of the basiec heterodyne frequency
messurement system), one must depend on experience and
multiple measurements to reduce synchronlzation error
to e reasonable minimum (about 0.25 Hz, mediumwave;
0.75 Hz, shortwave).

Audio Imggigﬁ A possible source of error, especlally
or ® 1nexperienced monitor, is audlo Imaging.

Audio images are most likely to occur when attempting
to PFX the frequencies of two stations which are
heterodyning one snother with a resultant carrier besat
in the sudio—frequency range. This 1s best explalned
through the aid of illustrations:

1 kHz 1 kHz 1 kHz 1l kHz 1 kHz
RS TN A
£, 1o 2 Iy 4dn ch-)— 1o fl fg
sl 1752 1751 1753 1750 1762
1752 1751
Fig. 6 Fig. 7 Fig. 8

In figure 6, two stations, one on 1751 kHz, and the
other on 1752 kHz, are heterodyning one another. Since
1 kHz separated, the hetero—
dyne is 1 kHz. In figure 7, the TO fregquency (1753 kHz)
has been brought into the vicinity of the pasir. Since
the freguenecy of the TO (fpy) has been brought to 1 kHz
of 1752 kHz (f,), there Iifg also be set up a hetero—
dyne of 1 kHz Detween fpg and f,. In sddition, an aud—
ible beatnote will be generated by the diflerence in
frequency between the first 1-kHz heterodyne (between
f; and fp) and the second 1-kHz heterodyne (between
rg and f7g). In figure 8, the same situstion exists,
the only difference is that the additional 1-kHz
heterodyne is generated by frg (on 1750 kHz) and f,
(on 1751 kHz). Here asgain, the two l—kHz heterodynes
willl interact to generate a second beat. In sither
case, the audible beat between heterodynes can be
brought to gero; however, in both cases, the TO fre—
quency will be offset from elther station frequency by
an amount equal to the difference in freguency between
the two initial, heterodyning signals.

In this condition, the TO frequency forms a mirror

image of the alternste frequency (with respect to the

middle frequency, i1.e the frequency between the mirror=—

image frequencies). In figure 7, fgo is the image fre—

gge?oy of f1; in figure B, fqp 1s the imsge frequency
o-
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See those paragraphs entitled "TT frequency measure—
ments" and "heterodyne rroguency measurement® for
advice on avolding errors due to audio imaging. Also
refer to the following paragraph for further advice on
avoidance of errors. An additional aid in this circum
stance is to observe the indlcating device (bloeck 5).
It will be found that the lndicating device will regis-
ter an SAH when the TO is brought within asbout 10 Hz of
either 1751 kHz or 1752, but an SAH will be relatively
weak or lacking entirely when &an audio image ocours.

SAH Obgcurstion An additionasl problem in PFM is that
of SAH obscuration. In this situstion, an SAE or SAHs
already exist on a channel as the result of inter—
action between carriers. Attempting to zero—beat the
TO frequency with any of the interfering carriers will
be impeded by the pre—existing SAH(s).

At medimmwave frequencles, 1t 1s possible to separate
SAHing signals on a frequency by use of a directional
antenna, usually a loop antenna. Another approach is
to quicﬁly PFM one of the frequencies as the other
fades, and vice—versa. This approach i1s more feasible
at mediumwave frequencies where the fading perlod 1is
longer and the relatively lengthy fadeout of one of
the carriers facllitates PFMing the other.

TYPICAL EQUIFMENT

Counters There are several models of counter cur—
rently avallable new at intermediaste prices. It is=s
perhaps Heath that first offered counters in kit form
in a price range that made them feasible purchases
for the non-professional. While competitive models
have narrowed the price range, Heath counters are to
be reckoned with first. Used Heath counters are becom—
ing svailable at price reductions; nevertheless, the
apprentice monitor may consider construction of a new
kit in order to acquire some familiarity with the
Instrument.

The simplest Heath counter that hss been avsilable is
"the IB-101. The IB-101 has a cutoff freguency of 15
MHz, meaning that the counter will be unable to meas—
ure an input frequeney in excess of 15 MHz. This is
quite sufficlent for mediumwave PFM, but i1s too low
for direct shortwave PFM. At room temperature (efoc),
the IB=101 has been observed by Ronald F. Schatz! to
maintain a stability of 0.1 p.p.m. (or 1 Ez at 10 MEz!
or better. The author'as Heath IB=1101 (with a 100-MEg
cutoff frequency) has a time—base stability egual to
that of the IB-101. The Heath IB-1102 and IB-=1103 have
a temperature—compensated crystsl oscillator (TCXO)
time base, for somewhat greater stabillity. Both the
IB-101 and the IB-1101 have 5 readout digits (of the
gaseous discharge tube type, called "nixies"). The IB-
1102 and IB-1103 both have 8 readout nixies. The
Heath IM—4001, which 1s the third—generation version
of the IB-1100 and the elder IB-101, has 5 digits of
the newer light—emitting diode type resdout (abbrevi—
ated LED).
The Weston 1252 and the Spectronics SC=30 are listed
in the brief equipment review as they appear suitable
for PFM use; however, no experience has been had with
them.

Digitel Readouts and Scaler Switching Typical coun—

ers of lower price have 5 or 6—digit readouts, while
frequencies to be measured typically have 7 or 8 sig—-
nificant digits. Counters are capable of reasding out
such frequencies by utilizing different scalers, which
generate gate—time periodsngrom the time-base fre-
quen:g. If a gate—time period of 1 millisecond (abbre—
viated ms, meaning one—thousandth of one second) is

used, the gate wlll be opened for one millisecond. In
the case of a 1-MEz frequency which is to be measured,
one thousand cyoles would be passed and counted during
that period and the readout would be 01.000. This
would be interpreted as 1.000 MHz (and the scaler
selector switch would probably be labelled "Mliz" for
this gating period). In the case of a freguency of
exactly 1750 kHz, to measure this frequenscy the scaler
selector switoh would first be set to "1 ms" (or "MHz",
depending on the switch label). In this range, the
counter would read 01.750, to be interpreted as 1.750
MHz, Then, the scaler selector switoh would be set to
"1l sec” (or "kHz", depending on the switch label), and
the readout would change to 50.000 kHz; the two most
8ignificant digits (abbréviated MSD, the digits to the
extreme left7 17 heving been suppressed. On a eounter
with 8 digits Tsuch as the Heath IB=1102 or IB=1103),
the scaler selector switch ogould be set immediately to
"kHz", and this hypothetical 1750 kBz frequency would
read out as 01750.000 kHz, to be interpreted as
1750.000 kHz.
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Incidentally, some counters such as the Waston 1252
possess a feature known as Jleading gero blepking,
meaning that the redundant zeroc to the extreme lef

in the readout 01.750 would be blanked, leaving the
readout 1.750. None of the Heath counters possess thils
feature, and i1t is unnecessary onece the monitor
becomes accustomed to ignoring the redundant zerc.

Transfer Oscillator Only three specific signal gener—
ators have Deen sted in the brief equipment review.
Doubtless other types would serve, but theses are
types that are known definitely to be sultable for use
as a TO.

A signal generator, for use as a TO, must have suffiec—
lent output to drive the selected counter. A signsl
generator which has voltage regulation incorporated
into its power supply 1s inherently much more suit—
eble because 1t will possess improved frequency sta—
billity. Likewise, a slgnal generator which ineludes a
frequency vernler among its complement of controls is
much more sulteble for use as a TO because it will be
more easily zero—beat against the signal of unknown
frequency. If the prospective monitor decides to add
voltage regulation to a signal generator that lacks
it, sufficient tolsrance should be allowed for resul—
tant reduction In output. Otherwise, especially for
use at shortwave frequencies, a signal generator will
probably have to be optimized.

Acquisition of a BC—221 or IM frequency meter for use
as a TO is probably more desirable, especially when
the price of a new slgnal generator 1s weighed against
that of a surplus BC—221 or LM (ebout $35 to $50). The
BC—221 and the LM are bullt with r—f tight integrity
as their variable attenuator must be the only access
to the outside world, in order to maintain abaolute
control over the signal generated within. Once connec-
ted to a counter, however, a frequency meter's r—f
tight integrity can be destroyed because the gounter
mey unintentionally radiate the meter's signal uncon—
trollebly. No modificatlon thatocan be made to the
frequency meter will overcome this difficulty. A side—
step module (SSM), to be discussed in the next chap—
ter, will provide a satisfactory solution to the prob—
lem of counter radiation.

The following is a brief review of some equipment
that would be of interest to the prospective monitor:
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SIGNAL GENERATORS

anufactures maximum internal price (minus
Model output(mV) modulation shipping and
insurance)
EICO 330 300 400 Hz 63 kit
95 wired
Heath IG-102 100 400 Hz 45 kit
IG—42 100 n.s. $98 kit
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Add ses:
Elcgea Miida (via T.R.I. Corp.

283 Malta Street 505 West Olive Avenue
Brooklyn, NY 11207 Sunnyvale, CA 94086)

Heath Company Spectronics
Harbor, MI 49022 1491 East 28th
- - Signal Hill, CA 90806

H tt—Packard
lg%eragaallill Road Weston (via Newark Elec—
Palo Alto, CA 94304 tronies

500 North Pulaski Road
Chiocago, IL 60624)

Listing of equipment types does not constitute an
endorsement of any sort. It is suﬁgeated that a catas—
log be acquired from above companies to ascertaln
current price plus shipping information.

SIDESTEP MODULE

The Sidestep Module (SSM) was conceived ms a solution
to deteriorating TO stebility at shortwave freguencies
and to problems smssociated with leakage of r—f energy
from counter and TO epertures and interconnections.

The SSM amccepts two inputs, one from the TC and one
from a source of frequency—stable,l-liliz fundamental
and harmonics (called a 1-MEz spectrum). In the SSM,
the TO variable frequency Is mixed with the 1-lEz
spectrum to synthesize a virtual variable—frequency
170 signal which interpolates between the 1-MHz spec—
trum points. This virtual TO signal has essentially
the stability of the TU frequency, so that 1f a low—
band TO signal is amccepted as the TO0 input, the vir—
tual TO signal will have essentially that stabllity
to 30 MHz and beyond.

The SSM and its theory will be explained more fully
in the following paragraphs. See the following Figure
9 for the block disgram of the SSM:

[]

Counter i -
time—base i
oscillator '
] Rl ]
I 1750.000 I
Counter
To Heterodyne
Figure 9 Detector

Al radio—frequency amplifier for 1-MHz spectrum

A2 radio—freguency amplifier for TO output

CR1 S8M radio-frequency mixer

Rl S38M verisble attenuator (used in lieu of TO
varieble attenuastor, which is left at maximum)

81 1-¥Hz cutout switch (when off, output of SSM is
TO frequency onl

¥
S2 TO ocutout switch (when off, output of SSM i1s 1-—
MHz spectrum only, for calibration of time base)

SSK Blogk Diagram The SSM has two inputs, one from
the counter time—base oscillator, and one from the TO
(It should be understood that mccepting an output
from the counter time—base oscillator has no influence
on the operation of the counter. This frequency—stable
1-MHz source fortunately exists within the counter;
however, a 1-MHz output from any other frequency—
stable source could be used.). In the SSM, the 1-MHz
specstrum is amplified by radio—frequency amp. Al and
applied to mixer CR1l. Also, the output of the TO is
amplified by radio—frequency amplifier A2, after whigh
it 1s applied to mixer CR1l, along with the amplified
1-MHz spectrum. The 1-MHz spectrum possess harmonics
of 1 MHz up to and beyond 30 MHz. The output of CR1l is
a combination of frequencies: the original TO signsal,
the 1-MHz spectrum, and the sum—and-difference com—
binations of the TO fregquency and allthe harmonics of
the 1-MHz spectrum. For example, if the TO has been
set to 100 kHz, the output of CRl is the original
input freguencies, plus the sums and differences of
all these frequencies:
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(T0=100 kHz) 1000 kHz#* 100 kEz= 1100 kHz, 900 kHz
(1000-kHz speotrum fundamental, 100—kHz TO frequency)

2000 kHzE 100 kHz= 2100 kHz, 1900 kEz
( 2000—kHz harmoniec, 100-kHz TO frequency)

3000 kHzX 100 kHz= 3100 kHz, 2900 kHz
(3000-kHz harmoniec, etc.)

4000 kHz¥ 100 kHz= 4100 kHz, 3900 kEHz
(4000—kHz harmonie, etc.)

and so on;

(TO= 600 kHz) 1000 kHz} 600 kHz= 1600 kHz, 400 kEz
2000 kHz ¥ 600 kBz= 2600 kHz, 1400 kHz
3000 kHz ¥600 kHz= 3600 kEz, 2400 kPz
4000 kHz 600 xHz= 4600 kHz, 3400 kHz
5000 kHz * 600 kHz = 5600 kHz, 4400 kHz
and so on;

(T0=433.3 kHz)1000 kBz¥433.3 kHz=1433.3 kHz,566.7 kiz
2000 kHz*433.3 kHz=2433.3 kHz,1566.7Tkkz
3000 kHz*433.3 kHz=3433.3 kHz,2566.7kEz
4000 kHz*433.3 kHz=4433.3 kHz, 3566.7kFz
5000 kHz+433.3 kHz=5433.3 kHz,4566.7kHz
and so on-

In =2 typical situation, the sum frequencles (e.g.
4000 kHz+ 433.3 kHz = 4433.3 kEz) would more likely be
used ss the relation to the TO freguency would be the
most obvious.

Additionally, the SSM provides a sidestep function
(from which the module takes its name). En this fune—
tion, the wirtual TO frequency (which 1s zero—beat
with the signal of unknown frequency) "sidesteps™ thre
direct TO output, whose amplitude 1s relatively
uncontrollable, by a factor of 1 MHz or a multiple
thereof.

For example, if the monitor desires to measure a
frequency of 1575 khz; a TO frequency of 575 kHz or
2575 kHz may be used with the Sgﬂ to aynthesize this
1575 kHz frequency. In both cases, the unknown fre—
quency is sidestepped by the direct TO frequency, to
avoid difficulties of swamping. Since the virtual TO
freguency 1s synthesized solely within the SSM itself,
the degree of leakage 1s much more controllable.

TO Stebilit Suppose on a particular signsl genera—
Tor used as a TO, the first frequency band extends

from 100 to 300 kHz; the second from 300 to 1200 kHz:
the third from 1200 to 3500 kHz; the fourth from 3500
to 10000 kHz, and so on. Also suppose that five full
revolutions of the TO frequency control knob are
necessary to cover each of these bands. The total fre—
quency change per frequency control knob revolution
would be 40 kHz on band 1l; 180 kHz on band 2; 460 kHz
on band 3; and 1300 kHz on band 4. It can be seen that
the rate of frequency change per freguency control
revolution is lowest on the first two bands. Also, the
absolute frequency stabllity of the TO output would be
greatest on these first two bands. Consequently, these
asme first two bands would be the most useful for mak-
ing accurate PFMs because it would be easier to zero—
beat the TO output with the signal of unknown fre—
quency and to maintain that zero—beat using those two
bands.

SSM_OPEHATION Suppose that an unidentified stetion,
whose ?requency is about 11.5 MHz, 18 to be PFMed.
First, S1 1s turned off so that the 1-MHz spectrum
from the counter time base is removed, along with all
the sum—and-difference frequency products of the 1-
MHz spectrum and the TO frequency; leaving only the
TO frequency at the output of the SSM. The TO is
roughly zero—beat with the unknown frequency, and its
freguency readout on the counter is recorded (assume
11,560 kHz). The TO is then set to band 1 or 2, S1 1is
turned on, and some combination of TO frequency and
1-MHz spectrum is mentally calculated to reach that
frequency. Two options are immediately evident: the
TO can be set to 560 kHz where its output will sdd to
the 11th harmonic of the 1l-MHEz spectrum, to produce
11,560 kHz (11,000 kHz+ 560 kHz=11,560 kHz); or the
TO cen be set to 1560 kHz, where its output will add
to the 1l0th harmonic of the 1-MEz speectrum, to pro—
duce 11,560 kHz (10,000 kHz + 1,560 kHz =11,560 kHz).
The counter, which reads out the TO freguency onl*,
will read out 560 kHz and 1560 kHz reapectively. It
remains for the monitor to mentally or manually add
the TO frequency to the appropriate 1-MHz harmonie
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{Note that other combinations are possible, e.g. 2560
+ 9000 kHz: 3560+ BOOO kHz; 4560+ 7000 kHz; 12560—
1000 kHz; 13560=2000 kHz; et al. But the combinations
that use the lowest TO frequency are preferred.).
Continuing with the example, the TO 1s adjusted for
an accurate zero—beat with the frequency that 1s
being measured, and the exact frequency is read out.
Suppose that the counter reads out 560.056 kHz. This
1s mentally or manually added to 11,000.000 kEz (the
11th harmonic of 1 nHzg, for 11,560,056 kHz, the
exact frequency in question. This is recorded, along
with the date.

CONCLUSION More specifics and comments are available
concerning the circuitry and veristions thereupon of
an SSM, from the smuthor. It is expected that others
who ere interested in applications of PFM or in
assembling a PFM station, will have gquestions. Such
questions sre invited and are to be answered en masse
in a sequel to this article at the earliest possIble
date. For more specifics concerning the SSM, send 457
and an SASE; likewise, questions for the pro jected
sequel are to be sent to 939 Eastern Avenue, Indianas—
polis, IN 46201, U.S.A.

The suthor wishes to thank the IRCA's Seattle Publish-
ing Committee, and especlally Jerry Lineback of
NASWA's SWC, for seeing this article into print. It
i1s hoped thet this erticle will arouse interest in
PF¥ which is, after all, a tool that 1s useful only
when used.

Notes:

lprecision Fregquency Measurement by Ronalé F. Sechatz
{see Bibliography below)

Bibliography The following articles are recommended
for further reeding, especlially the article Yes, StH
by Glenn Esuser, which might be considered &s mini—
mal baslic reading:

A. Yes, SAH Glenn Hauser. Describes sub—audible
Feterodynes, how to detect them and how to use
them. (1 p.) IRCA Reprint No. T7

B. Precision Freguency Measurement Ronald F. Schatz.
escribes methods of determining the exact fre—
quency of a statlion with & Heathkit 1B-1101 fre—
guency counter (2 pp.) IRCA Reprint No. T8

c. Prgg:géon Freguengﬁ alysis for the Mediumwave
er onald F. Schatz. lescrlbes some methods of
performing Precision Frequency Measurements, and
analysing the results. (2 pp.) IRCA N¢ 727
& -

Items A and Byabove are available to non—IRCA members
at 10¢ ver page and an SASE, from IRCA Reprints, P.O.
Box 17088, Seattle, WA 98107, U.S.A. When ordering,
it 18 suggested that an additional 32¢ be enclosed
for IRCA Reprint List No. PM-5 (& pp.) which lists
many reprInts of specific or general interest to the
shortwave DXer.



