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from the button and attac h it the back
side of your item. Then slide your belt
through your clip wit h the spring and
hole facing out. Nex t, push to cl ick and
push the clip slide off. Cos t is $9.95 plus
$3.95 S/H from Quick Draw Clip
Systems, Inc ., 4869 McGrath St.,
Ventura , CA 93003-7767; Phone: (805)
6440-6888; Fax: (805) 644 -7320.

Circle 104 on reader service card

proved print program allows for mult iple
entries to customize a mailing label or
logging format, giving contesters double
duty operation in recordin g callsigns and
automatically printin g customized fields
for labels or QSL addressing. Birth dates
are now available, and countri es are an
active part of the foreign program. Ver
sion 2 also contains a QSL manager data
base along with the existing bureau list.

Version 2 of the Radio Amateur Call
book on CD-ROM sells at the same price
as Version I (suggested retail , $49.95).
You can order through your local ham
radio dealer, or for more information,
contac t Radio Amateur Ca llbook, Inc.,
1695 Oak Street, Lakewood, NJ 0870 I ;
Phone: (908) 363-5679; Fax: (908) 363
0338; orders only: (800) 278-8477.

Circle 106 on reader service card

CIRCLE 60 ON READER SERVICE CARD

REVISED 1996 EDmONSOFTHE NORTH AMERICAN
ANDTHE INTERNATIONAL CALLBOOKS

Cill Stall" 7J p

If ordering bycheckor moneyorder: I have enclosed a check/moneyorder
for $~~_. (Please add sales lax ill CA. DC,n, ~IA. NJ. NY, 0 11. PA.TN.VA
an d Canada, and $5.00 per book for postage and han dling in US; $7 for all ship
men Is outside US.) Please include shipp ing:instructio ns. Prepaymentis required.

NUMBER PRta
58883 $35.00
58875 $35.00
RACD02 $49.95

Alliin's...

Signature

• Morse code sound output
10 PCspea ke r

• Windows icon driven hy mouse
& DOS via menu

• Data display by ca llsign, last
nam e, city, licen se class issue
& expiration dat e

• Search US stations by ca llsign,
last nam e, county, city & zip
code

• Windows/D OS platform for us
& International data retrieval

• Search International data by
callsign. Text sea rch by nam e,
stree t, city, province or region

• Texl search of clubs, then and
nows, military & silent keys

• usdata includes tim e zones,
latitu de, longitude listings
& area codes

Card It

Nailli'

ORDERING COUPON
Please send me:
QTY. ITEM

Nor th American Ca ll hook
In te rn a t ion a l Ca ll book
Ca ll book C IJ - R O ~ I

If ordering bycredit card: Card 1)p" '~~~~_ Exp. Date _

lIadio amateurs thr ough out th e wor ld rely on The Callhoo ks for
comple te up -to-dat e listin gs. The Nor th Ameri can Callhook lists
the ca lls, nam es and addresses of more than 700,000 licen sed
a mate urs . The Int ern a tional Ca llhook co ntai ns 600,000 licen sed
a mate urs outs ide of North Ame rica.

THE MOSTCOMPLETE CALL
BOOKS ON THE MARKET.
INTRODUCING...RADIO AMATEUR
CALLBOOK CD·ROM 1996
Nuw rad io amateurs can access
callsigns, names and ad dresses
of mor e than 1.3 mill ion listin gs
world-wide covering more than
250 countries, island s and
dep enden cies. Th e Hadio
Amateur Callhook/ CD-110 M
contains both North Ameri can
and Internationa l list ings!

T h e Rad io Am a te ur Ca llbook
CD-110 M otTers unmatch ed
cove rag e of th e world.

1-800-278-8477 ""11",,"',>

Radio Amateur Ca llbook
1695 Oak Street
Lakewood, N./ 08701

1-908-905-2961
Fax 1-908-363-0338
or jill out the coupon (It ril{ht.
I'ISA/,IfC/,IM E.X accepted.

ORDER TOLL FREE

all radio amateurs

haoe been

toaiting for:

Here it is!

Tile CD-flOM

Radio Amateur Callbook
CD-ROM, Version 2

Version 2 of the Radio Amateur Ca ll
book CD-ROM is now ava ilable. An im-

Shack Attack
License Plaques

Shack Atta ck offers ca llsign license
plaques that meet FCC license display
requirements. The plaques are hand
crafted and hand-finished from dark alder
wood, finished with a polyurethane gloss,
and measure 7 1/4 x 12 inches with 2-inch
callsign letters inset. They also include a
5 x 7-inch clear Plexiglas cover and
mounting hardware. The Call sign Li
cense Plaque is $2 1.95 plus $4.00 S/H.
Plaque upgrade packs (with letters for
your new call) are $3 .00 and may be
ordered by calling (80 I) 225-3340 .

Shack Attack also offe rs the "Handie
Sta tion" storage sys tem for handh eld
radios ($ 19.95), and the Desktop Callsign
($9.00). For information, contact Shack
Attack, 51 W. Center St., Box 325, Orem,
UT 84057-5903 ; e-mail <kb7vrd @aol.
com> or <WWW.VCNET.COM/SA>.

Circle 105 on reader service card
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Ham Radio Paging:
Putting "POC5AG" on Packet

Why pay mont hly f ees for non-business paging services when your
TNC can do the job for you?

By Phil Anderson, WRJXI*

The KPC-961 2 TNC is the cen terp iece of Kant roni cs ' packet paging system. with the latest
release of the 96 12 fi rmware supporting the mode. A pe rsonal computer ilia." also be used to

encode pager messages.

,"'.oJ",. '" ._

,I " ·.·!It'laolllliillllillilil..I "..iliiili..::a•.ll1 ., h O
•c£ OOA%*ft®§\",,1jt~,~~,, fA" " : ,:'... ~

,. "" " . . ., " . . , '-

_ o. ' . . 4i • f • . ' • . •. . ,

Table 1. Frequency Bands Used
by Pagers

Note that pager frequencies are inter
spersed among other services, including
our own 2-mete r and 70-centimeter band s.

Frequency Range .

33-5 0 MH z
138-175 MH z
40 6-422 MH z
435-5 12 MH z
929-932 MH z

Paging Band

VHF low band
VHF high band
UHF
UHF high
'900 ' band

tems work . So . let ' s examine how a typ
ical commercial system is struct ured and
then we can compare that wi th our pro
totype system and ima gi ne how amate ur
systems mig ht be constructed.

A typ ica l commerc ial paging sys tem
co nsists of the public te lep hone sys tem,
a local con tro l system (paging term inal),
several radio tran smitters, and many in
dividual pagers. The co ntrol systems and
tra nsmitter sites are strategically placed

Commercial Paging
Systems

I'm ass umi ng you' re famil iar with pag
ers but not with how complete pag ing sys-

the POCSAG code into our Kantro nics
KPC-96 12H 1 packet TNC. After some
debugging, we had proofofco ncept: pag
ing from bench to bench using a laptop
computer, the TNC as POCSAG encoder,
a Kenwood T M-25 1A with a dum my
load, and Motorola Bravo PlusH I pagers
recrystalled to 2 meters.

With the pro totype sys tem wo rkin g,
two exc iting ama teur paging applica tion s
came to mind: paging in emerge ncy sit
uations and pagin g co up led with our
pack et rad io sys tem .Two unplanned ben
efit s also emerged: the TNC as a pagi ng
encoder to test/recrystal pagers and the
real iza tion that inex pensive pager recei v
ers ca n be conve rted for other uses. We
hoped, too, that paging technology woul d
add some more exc itement to our hobby,
and would ge t a few folks back into tin
kering with the ir signal ge nerators and
osci lloscopes to "put those used pagers
on frequency."

* Phil A nderson, W@XI, is th e P res iden t
ofKantronics Co ., In c. He cu rren tly lives
in Lawren ce, Kansas.

Tie weather is bad and you know
yo ur emergency gro up may be
ca lled up at any time, but you can ' t

keep your HT turned on while you're at
work. Or you' re the repea ter trustee "on
ca ll" in case anything goes wro ng, but
yo ur job takes yo u fro m place to place.

In both of these scenarios, a pager
would be just the thin g to help you keep
in touch. But a pagi ng service is expen
sive, es pecially if yo u want to eq uip a
whole gro up with them. Unless, ofcourse,
you do your ow n paging...via ham radio .

Whil e attending the "Wireless World"
co nference last Decem ber in San
Francisco, I managed to take in the ses 
sions on pagin g. I was curio us abou t two
way paging and the future of paging, both
of which were advertised session top ics .

Onc e the discussions got under way , I
co uldn' t help thinking about the simi lar
ities bet ween paging and 9,600-baud
packet. Both use frequency shift keyi ng
(FSK) modul ation and a synchronous data
format with chec k bits for error detection.

Once home, I obtai ned a copy of the
Intern ation al Radio Co nsulta tive Co m
mittee' s (CCl R) Radiopaging Cod e No.
I Recommend at ion (R-584- 1), more
co mmo nly known as the Post Office
Code Stand ardizati on Advisory Group
(POCSAG) code . I examined that stan
dard , thought about how to implemen t it
in hardware, and outlined some experi
ment s to try POCSAG pag ing on the 2
meter band.

After check ing appropriate sec tio ns of
Part 97 and running the experime nts,
Mich ael Huslig, KB0 NYK, Karl Med
calf, WK5M, and I succeeded in por ting
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The forma t of the POCSA G paging code is similar to AX.25 packet. See text for
ex plana tion of what it all means.

Table 3. POCSAG Transmission Rates

Table 2. POCSAG Signal Format

Pagers: Four Types.
Five Bands

2. 1875

0.9330
0.4670

Total Duration

Finding Pagers for
Your Club

1.0625

0.4530
0.2270

You have three choices for obtaining
pagers: I) buy one already crystalled
for amateur use by an amateur compa
ny (see below); 2) buy a new commer
cial pager (without service) from a rep
utable dealer; or 3) buy a used
pager-either from a dealer or at a ham
fest-and convert it.

Buying a commercial pager, either
new or used. is a real option. Select one
that's already crystalled for 148.6-152
or 152-159 MHz for 2-meter use, or
450-465 MHz for 70-centimeter oper
ation, and recrystal it. Be cautious,
though; not all pagers will take a retune.

For the convenience of hams who
don't want to go the recrystalling route,
Kantronics will be selling refurbished
Motorola pagers already set up on one
of several amateur frequencies. Moto
rola Bravo Plus, Bravo Classic, and
Lifestyle Plus pagers will be available
through Kantronics, crystalled for any
one of the following frequencies:
145.070, 145.090, 145.630, 145.670,
145.730, 145.770, 149.895 (CAP),
441.000,441.075, and 446.150 MHz.
Crystals for these frequencies will also
be available separately, and other fre
quencies may be added if there is
demand for them.

ample, ass ume my pager' s capcode num
ber is 0 I I 1222 and your ca ll-back num
ber is 555- 1212, you' d enter (at the COld:
prompt) PAGE 0111222555-1212. Note
that the paging message doesn 't have to
be a phone numb er. It can be any string
of numb ers, such as a repeater frequen
cy , so you could type PAGE 011222
147060 if you wanted me to contact you
on 147 .060 MHz.

Our firmware upgrade also includes a
paging server (PS) , similar to a packet
mailbox, enabling paging to "callsigns"
with an entry in a page directory via a

One Message Batch

Batch 3 .
and so on .

1.125

0.480
0.240

Preamble (sec)

5 12

1,200

2,400

Baud Rate

Batch 2 Codewords
SC+ 16 codewords

Amateur Paging Systems
Like the commercial systems, an ama

teur system must consist of a paging sig
nal encode r, a transmitter , and pagers.
Encoding, of course, can be carr ied out
by a PC or a TNC, and we chose to port
our code into the KPC-9612. We did this
for several reasons: I ) becau se the TNC
is easi ly located remotely; 2) because a
pac ket connec tion (for paging) can be
easi ly accommodated; and 3) because,
unlik e typica l AFSK 1,200-baud or
9,600-baud G3R UH-type packet mo
dems, the integra ted circuit modem in the
KPC-9612' s port 2 can acco mmodate the
POCSAG signalling form at.

To make it as easy as possible for ama
teurs to experiment with packet paging,
our firmware upgrade vers ion 7.0 for the
KPC-9612 includes the functions of dig
ital paging transmission and monitoring
of 5 12-, 1,200-, 2,400-baud numeric and
alphanumer ic messages based on the
POCSAG standard. Pages are sent by en
tering an 10 (capcode) and message for a
pager, using the PAGE command. Forex-

for erro r detection and correction. A full
description of the POCSAG code can be
found in CC IR Recomm endation R-584
I or in the Pager Handbookfor the Radio
Amateur (see References).

The transmission rate for POCSAG is
either 5 12, 1,200 or 2,400 baud . These
rates and the defined format of the code
determine the shortest durations possible
for a page transmission at a given baud
rate. Exa mples for various baud rates
appear in Table 3. .

Batch 1 Codewords
SC+ 16 codewords

Preamble
10 10101010.....

Pagers developed since 1978 are one
of four types: tone, numeric, alphanume r
ic, or voice. The vast majori ty sold today
are numeric . Most are also crys tal-con 
trolled. Whil e synthesized pagers have
been developed in recent years, crystal
based pagers remain the favorite, perhaps
becau se of price and battery life. Pagers
are readily available for the VHF Low,
VHF High , UHF, UHF High and 900
MHz bands and have been produced in
the millions (see Table I).

The transmission format of the POC
SAG signal is similar to that of 9,600
baud packet radio: frequency shift key
ing (FSK ) modu lation at 4.5-kHz devia
tion . That fact led us to realize that pag
irig could be adapted for use with our
KPC-96 12 and "da ta ready" radio equip
ment alread y at hand.

The packet-like forma t of the dig ital
paging code is a preamble of 576 bits
altern ating I s and Os-followed by one
or more batch es of message codewords
(see Tab le 2). Each batch consists of a 32
bit synchronization codeword (SC) fol
lowed by eight frames of 64 bits each,
each frame con sistin g of two codewords.
Codewords are defined as synchroniza
tion, idle, address, and data . The format
for the data codeword differs slightly
from the rest, but all contain 10 check bits

so that the sys tem's operating area is
"covered" with an RF signal strong
enough to reach each pager.

When you purcha se a pager from a pag
ing provider , they 'll make sure your pag
er's receiver is set for their paging trans
mitter' s frequ ency and they ' ll assign an
10 (called a capcode) and phone number
to the pager. Then, when a page phone
number is dialed, the page con trol system
match es the phone number with the 10,
prompts the caller for a message (which
the call er enters using a Touc h-To ne®
phone), and sends the page message to
the transmitt er.
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OO! Amateur Radio
If you enjoy Amateur Radio,

YOU'll enjoy ca.

It 's a different kind of ham magazine.

Table 4. Bravo Plus Receiver Boards for VHF Operation

Frequency Ran ge (MHz) Motorola Model #
138-143 AARD4050A
138-143 NRD72IIA,B
143-148 .6 AARD4051A
143-148 .6 NRD7212A,B
148.6-152 AARD4052A
148.6-152 NRD7213A,B
152- 159 AARD4053A

Motorola Bravo Plus pagers use different rece iver boards for different band seg
ments, even within a particular band (VHF High , in this case). One of their
143-148.6-MHz board s is idea l for recrystalling to a 2-meter ham frequency . UHF
high-band boards may be recry stalled for use on 435-450 MHz.

Fun to read, interesting from cover to
cover, written so you can understand
it. That 's ca. Read and enjoyed by
over 90,000 people each month in 116
countries around the world.

It 's more than just a magazine.
It's an institution.

CO also sponsors these thirteen wo rld
famous awards proqrarns and contes ts:
The CO World W ide OX Phone and CW
Contests , the CO WAZ Award, the CO
World Wide W PX Phon e and CW
Con tests, the CO USA-CA Award, the
CO WP X Award, the CO World Wid e
160 Meter Phone and CW Contests , the
CO Five Band WA Z Award, the CO OX
Award , and the high ly acclaimed CO OX
Hall of Fam e.
Accep t the ch allenge. Join the fun.
Read CO .

Also available in the Spanish language
edition. Write for rates and details.

SUBSCRIBE TODAY!

CO The Radio Amateu r's Journal VHF 7/96

76 North Broadway
Hicksville, New York 11801

Please start my CO subscription with the
next available issue .
Enclose payment or charge information with
order . Term and rate (check one):

packet connec t to MYPAGE at either
1,200 or 9,600 baud.

Transmitting
As noted above, the POCS AG standard

calls for a paging transmission with 4.5
kHz FSK at 5 12-, 1,200- , or 2,400-baud.
To acco mplish this, a transmitt er capable
of handlin g audio with a frequency con
tent as low as 20 to 50 Hz is required.
Some of the "9,600 data ready" radios
.meet this specification.

Why is the frequency content so low?
The reason is two-fold : the FSK modu
lation and the absence of any bit-stu ffing
or data-scrambling defined for the POC
SAG code. If a string of Is is called for
in the data, the carrier is shifted up by 4.5
kHz and held there. In addition, if a nu
meric page is sent that contains a large
number of Os (in a phone number such as
842- 1000, for exa mple), then 15 "0" bits
will be sent in a row. The transmitt er sim
ply must be able to handle these strings .
(See the "Digital Data Link" column in
the March and April, 1996, issues ofCQ

VHF fo r discussion of 9,600-baud data
radios.-ed.)

Receiving
You have two choices for receiving

pages: use the TNC in monitor mode or
recrystal a pager for your club's chose n
pagin g frequ ency. Most pager s can be
recrystalled to another frequency, assum 
ing they were manufactured for the band
segment in which you wish to opera te. A
listing of Bravo Plus receiver boards for
VH F operation (Table 4) is typical. The
143-148.6-MH z boards are suitable for
a crys tal change to a frequency within the
2-meter band. We ' ve also co nve rted
some from the higher band seg ments,
such as 152-1 59 MHz.

Putting Packet Paging
to Work

Our club paging system consists of a
Kenwood TM-25 1, a KPC-9612 with ver
sion 7.0 firmware, a batch of Bravo Plus
pagers recrystalled for our local frequen-

"--

USA VElXE Foreign

1 Year 0 24.95 0 37.95 0 39.95

2 Years 0 44.95 0 70.95 0 74.95

3 Years 0 64.95 0 103.95 0 109.95

Name _

Address _

City _

Stale Zip _ _

( ) Check ( ) MIC ( )VISA ( ) AMEX () Discover

Card No. _

Expires 1

Signature _
(Signature Required onall charge orders)

Please allow6·8 weeks for delivery of first issue
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But Is It Legal'?

A careful reading of Part 97 of the FCC rules makes it clear that pagi ng is law- 1

ful for ama teur radio operators-even useful. See Part 97 sections 97.3(a)(l0),
97.1I l (b)(2), 97.305(c) and 97.307(f)(5).

Don ' t confuse one-way transmissions with "broadcast ing"-mea ning co mmer
cia l broadcasting. One-way transmissions are made every day by ama teurs to es tab- I
lish communication with other amateurs, ofte n using one mode to establish contact
in another mode. .

The rules also state that unspecified protocols/codes may be used for communi- I
cations on 50 MHz and above , as long as they are not transmitted for the purpose
of obscuring the meanin g of any communication.

Station identifi cation remains a requ irement ; therefore, we reco mmend that a CW .1

ID at 15 wpm be sent following each page or set of pages transmi tted. .
L...-- -----IJ
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cy, and a dual-band Diamond antenna on
• the roof at 30 feet. The system is housed

in the ce nter of a 20,000-square- foot
metal building. With a transmission
power of 5 watts, we can activate pagers
stored in a metal cabinet in the middl e
of the building. Plus, we can beep other
amateurs living five mile s away. Our
local co mmercial provider, located five
miles from us, uses a 100-watt tran smit
ter with an antenna at 100 feet. The ir sig
nal easi ly penetrates our metal struc
ture- even to the center of the
building- and has no troubl e activating
my com mercial pager.

So there you have it, a new mode to
experiment with. If you' re interested in
emergency communications or remot e
control of equipment, then digital paging
just might be for you. We can picture pag
ing messages reaching emergency work
ers via one, two, oreven three nodes when
the commercial phone and (hence) pag
ing systems are down.

The challenge now, it seems to us, is
to take this technology and make use of
it alongside existing systems, particular
ly packet radio. •

To Learn More
For more information on paging and paging standards, we recommend the

following :
"Digital Paging and the Paging Server," KPC-9612 Manual Addendum, version

7.0, Kantronics Inc., March 27, 1996
"Radiopaging Code No. I (POCSAG)," CCIR Recommendation R-584-1
Pager Handbookfor the Radio Amateur, Anderson, Phil, W0XI, Lawrence, KS

66046 , 1996
" 150 MHz Receivers," Ludvigson, David, Mobile Radio Technology (MRT),

September, 1994
"406-512 MHz Receivers," Ludvigson, David , MRT , August 1994
"Four Technologies Compete to Meet Pager Specifications," Sharpe, A.K., MRT ,

September, 1988
"Why RPCI (POCSAG) Is the International Standard," Tridgell, R.H., MRT,

January, 1988

Resources
Crystals may be ordered from any of several sources, including:

Crystronics, 2400 E. Commercial Blvd., Suite 360, Ft. Lauderdale, FL 33308;
Fax: (305) 776-0109

Pagecorp Industries, 366 San Miguel Dr., Suite 211, Newport Beach, CA 92660;
Fax: (714) 721-1030

KPC-9612 TNC: Kantronic s, 1202 E. 23rd si.,Lawrence, KS 66059 ; Phone : (913)
842-7745; Fax: (913) 842-2031; Internet: <http://www.kantronics.com>

Pagers (sec "Finding Pagers for Your Club")

MADE IN
THE U.S.A.

SEND FOR
FREE CATALOG
AND PRICE UST

If you have two different radios
YOU 'll only need one charger to
accommodate both radios. Now by
simply switching the switch to the
left or right, you can determine
which charging cup to activate.

MasterCharger® 1a+1 a
Electrically Identical to MasterCharger la

NYS residents add 8 1/2%
sales tax. Add $4.00 for
postage and handling . 800 South Broadway, Hicksville, N.V. 11801

WORLD WIDE DISTRIBUTORSHIPS AVAILABLE PLEASE INQUIRE.

In U.S. & Canada Call Toll Free (800) 221-0732 • In NYS (516) 942-0011 • FAX (516) 942-1944

By simply changing adaptor cups , the
MasterChargerwili charge any Yaesu ,
Motorola , Icom, Kenwood , Alinco , etc.

2-Way Radio Battery

\

CIRCLE 62 ON READER SERVICE CARD
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Predicting Sporadic-E Openings on
6 Meters

E-skip may be sporadic, but WB2AMU says t hat doesn't mean it
occurs at random. Ken shares his latest research with us here.

By Ken Neubeck, WB2AMU'"

(A) IONOSONDE STATION

(B) AMATEUR RADIO STATION

"...it 's helpful to draw on both the
experiences of radio amateurs
and actual scientific data...."

scattered activity on Iaand 6 during earl y
September and late October.

4) A major valley occurs during the
spring equinox, when there is very little
activity on Iaand none on 6 meters. In
fact, March is the worst month for Spor
adic- E activity on 6 meters for ham s in
North America, whereas September is the

Figure I. The difference between how an ionosonde station and an amateur radio station
detect Sporadic-E propagation. See text f or explanation.

United States, Mexico , and the lower half
of Canada, have observed the following
basic yea rly pattern for Sporadic-E on the
6- and Ia-meter bands:

I) Major ac tivity occ urs during the
summer months from May through earl y
August , with the peak occ urring around
the time of the June solstice .

2) There' s a minor season of winter
acti vit y, from November through Jan 
uary , with the peak occurring around the
time of the December so lstice.

3) A minor valley exists during the fall
equinox, when there may be some very

* Ken Ne ubeck, WB2AMU, is a regular
contributor to CQ VHF and authorof Si x
Meters: A Guide to the Magic Band .

A Basic Pattern
Ham s who live in the northern tem 

perate zone, whi ch includes all of the

For a number of years, Sporadic-E
propagation has been view ed by
so me ham s as a mysteri ou s, ran

doml y-occurring phenomenon . Whil e
most users of Iaand 6 meters know that
Sporadic-E. so metimes known as "s hort
skip" or "Es," occurs a lot during the
summer month s and occasionally during
the rest of the year, it ' s only in recent
yea rs that inform ation has been co llec t
ed on its basic annual patt ern .

Sporadic -E takes place in the E region
of the ion osph ere and is essentia lly
caused by a cloud of metallic particles of
suffic ient density to reflect radio signals.
Scienti sts believe that the metallic parti 
cles are of meteoric origin, alth ough oth er
so urces , such as the sun, cannot be ruled
out. Whil e its exact nature is still enig
matic, it' s not rea lly the rando m phe
nom enon that many ham s think it is!
Through the co llec tion of scientific iono
so nde data and amateur radi o obse rva
tions, we can see a basic pattern that re
peat s itself from yea r to year with mini
mal var iation. (An ionosonde is a radio
station used by scientists to study Spor
adic-E. See "Ha ms and Research ," be
low, for an ex planation of how it wo rks.)

What is parti cularly amazing about the
Sporadic-E phenomenon is that it follows
a uniqu e yearl y pattern for many loca
tion s in the mid-latitude ran ges of the
Earth where the temperat e zones are.
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