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Spring is not far away, In (el spring may afready be here from the fooks of the lawa and trees. Time w plan those
amlenna projects and pet donc much necded maintenance and repairs, Temember hwlp 15 just 4 phone call sy,
Dron’t wait until pext Fanusry 1o gef things done.

The Febmary mesting was Lhe annual Crving Towel meeting with mach weeping and wailing and goashing ol lecth.
It was an interesting mecting as always, but there did sgem (o be 2 theme that ran through nearly all the speakers
presentations: Procrastination. 1f you really think back about most of the storics, the woes were really broughl abol,
by extreme, world class procrastination.  Mavbe the Crving T'owel meeting is 1 mesting topic whose gme has come
and gome. Tho origin af the crying wowel meeting came about in the days ol home brew cquipment thal, was offen
sometling less ten extremely rehiable.  Those were the days when your powsr supply tansformer was frobably
sabvaged Mrom an old TV or radio and the tubss in your ttamsmitker ofien glowed red rom over-current and Slue from
pas. Things ran hot and cute Bitle muffin fins weren't around because computers had not been invented yel. Tiuwse
weare the days ol staries gol of procrastination. bat of often dramatic and sudden cquipment Edlures, Tubes just Onally
vy g o the middle of a Q80 hot cnough to bum the fioger prinls off your [inger tips. Power dmmslonners over
heated and smelled of burming tar, and [Thee capacitors aften exploded like the crack of a2 30-06, showering bits of
paper and other debns all over the shack! Transistors just whimper like hungry, prophetic Lintle puppies. Mo grand
and glocous pyrotechnic displays that left little doubt that - “Houston, we have a problem™. Those were the sights and
souncs that brougbt rrown men and wonnea to warg, Those were 1he davs when & crving owel had some meaning,

This months meeting is the annoal Home Brew sdolit. Don'L be bashfnl, bring atong anything ghat you have biilt over
the 1ast vear or so. 1t doesn’t have o be preily wnd it even doesn’t have Lo work, The poind of 1his masting 1s 1o show
that kams do stll build some of their own eqoipment Thig is an information exchange meeting. This is when we atl
goel Lo Mnetwork™ with others who share the thrll of building something and maybe even actually having t work!
There actuafly cven seems 19 be gentle, but observable, deift back toward building.  Afier a loag day of generaling
characters on g computer screce, many find that the pleasore derived from actually doing something thar has weighd
aned tukes up space, i8 more rewarding then just thinking about it.

Speaking of thinking, time to start thinking about the June contest. The club is once again going to Camelback
imountain to operats the ARRT. June Q80 pary. Al, WN3TTT, is the chaitman this year and would be more then happy
for a fow volunfeers. Notb too many now, we don't want o overwhebm the rookic.

73, Ron, WHRW

e

MEETINGS
Thitd Thursday each month at 8:00 PM
Southampton Free Library
947 E. Street Road
Southampton, PA 18966




Pack Rals’ CHEESE BITS is a monthly pubtication of he MONDAY NIGHT NETS

- ML AIRY VHF RADIO CLULR, INC. - TIME FREQ. NET CONTROL
Southampton, PA T30 PM SRU1A0 Mz KGEODAWASEHD

SUBSCRIPTION RATE: $10.00 PER YEAR (USA) 800 PM 144,150 M1z NIITT

BL2.00 PLER YEAR (CANADA) B340 P 222123 Mllz  W2SENIEXA

$15.00 PR YEAR (ELSEWHERT) §:30 PM 224 58K MHr WIGKBE
We operate on an exchange basis with other non-commercial 9:00 I'M 432,110 MHz  W3RIW
publications. Anything that is printed in CHEESE BITS QA0 PM 1294100 MHz  WAINUF/AAZITK
may be reprinted in a wot far profit publication, unless other- 10,00 P 903,100 MHr  NIADG
wise stated, provided proper credit is given,

COMMITTEE CHAIRMEN

DEADLINE FOR ARTICLES AND SWAP SHOP IS THE LADIES MIGIIT: NIADG  215-443.0065
MONTHLY MEETING DATLE. NON-COMMERCTAL SWAP JINE CONTLEST: NIITT  G10-B47-3490
SHOP ITEMS-FREE OF CITARGE. HAMARAMA: NIEXA 2152576303

VHF CONFEREMNCL: KBIXG  610-584-2440
Pack Rat WEB Site: brpfwww et/ packrary

SUBSCRIPTION/ADVERTISING MANAGER:; PACK RAT BEACONS - WICON/B Fvavaw
Eob Fischer, w25 S0.080 144284 322065 432 205 903,072 1294.251 M-z
7258 Wulnut Avenue 2304037 3436220 5TA0.200 10,368,200 MHz

Permsauken, WI 081 11
{609} AG5-8488

EDITOR:

Hurmy Browm, W3AIIT

3012 Potshop Road

Morristoat, PA 19403

(610) 584-4346

hbrowni@v Imms, lmeo.com

- hbrownigvoicenetTom v o - o -

THE AMERICAN AADIC AELAY LEAGLIE

KAY C. CRAIGIE, WT3P
DIRECTOR, ATLANTIC DIVISION

CLUB TREASURER: 5 Faggs Manor Lane
Dave Muscaro, WIKM Paoli, PA 18301-1905
1603 Mink Road {610) 993-0623 wit3p@arrl.org

Ottgville, PA 159492
(213) 795-2048
dmascaredgiv,zi.com

AWARDS CIIAIRMAN:
Bob lox, W3GXR
(510F) 346-869%

TRUSTEE OF CLUB CALL - W3CCX
Ron Whitsel, W3RIW
WIRIW ol com

THE AMERICAN RACIC RELAY LEAGLE

Bernie Fuller, N3EFN
VICE DIRECTOR, ATLANTIC DIVISION

(215} 355-5730) 153563 ,F;ri“ ?}?qa?ma
. agartown,
PAL KR&T 222 Mz REPEATER - W3 CCXR a1 #.%‘53_1 520 n3efn@arrl.arg
22298722458 MHx, Churchville, PA FN2LE
T ——
OFFICERS: 1997-1998
PRESIDENT: W3RIW  Ron Whitsel, W3ldW@ul com
VIO PRES:  WASEHD Jim Antonace], antonacufpacsthm, org
REC. SECR:  WASAOQA Walt Zumbach, waumbachi@hellatlantic ncr " STEVEN N, WHITE
TREASURLR W3KM  Dave Mascaro. dmascansiis.gi com Aficrney sl Law
COR. SECR: KB3XU  Dick Comly, dsur@eompuseree com
DIRECTORS: W28]T {2 Yrs) Bob Fischer, fustsTa@prodigy. com
AAION (2 Yrshdoc Landis, landis@nad.com
WAL {1 ¥RY Al Sheppard 2217 PALOMIND DRIVE TEL: {215) 3436902
N3ExXA {1 YR) Briaz Taylor WARRINGTON, PA 18976 FAX: {215) 33600
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CALENDAR OF COMING EVENTS - MARCH 1998

7 Shore Points ARC Springlest 98 at Holy Spirit Hieh School, Rie 9. 172 mile 5. of Rte 30 i Absccon, NETHon
146385/ 983 For information, contaci Jobn Barbar, KB2ZHZU at 609-633-1957.

7-H ARRL Inlernational DX Contest (phone). Ses page 102 of the Dec 97 Essue of Q5T for mles.

7-8 European EME Contest, 432 and 2304 MHz and up portion spansorad by DUBUS. Sse March OS5T. page 101
for rules.

I2 Fackrat Board of Dirgeiors Mesting at the QTH of Brian Taylor, N3EXA, in Perkasie, PA. All miersstag partics
welcome. Starls at 800 P, Calt 215-237-6303 far directions.

15 Yark Springfest at the York County V(-Tech School. East Berline PA. httpi/fmembers aol comfvarkivs), VE

EXANS.
L7 St Paprick's Dav
19 March mecting of the MIL Airy VHF Radio Club al §:00 P24, af the Smathamplon Free Library on Street Bd. The

program witl be the annus] HOME BREW Night. Bring vour suscesscs, [ailures and works in procoss 1o share
with 211, You do not have 1o be 2 member to enter. A)1 interested WHFers and microwave enthesiast ate wekcome.
Prizes will be awatded in several calcgories.

16 LEAP INTO _THE MICROWAVES with the Packeatst 903 and above. Every #th Thursday of the month
operate from 8 1o 10 PM locat time or any band 903 MHz and above. For cosrdination on thosc diflicutl long
haul comtacts 144 260 MHz is the sugeesied liaison frequency. 5o here's vour chance 10 fix what broke in the
contest and work all those stations you missed.

72.79  Timoniuwm Md, ARRL Marviand Stare Convention amld Greater Baltimore Hamboree and Compericrfes! @
the Marvland State Fairgrounds. VE exams given. Call [-800-HAM-FEST. T1 on 146.07- and 234 24-

TID BETS
2304 Antenna FYT the 2304 Miw beacon antenna was replaced today st 1230 Hrs with the new and anproved model.
The beacon is stll memming about 300 mW at the antenna, Pleasc sead your reports regarding the Improvemenl. no
change_ or degraded performance of this antaana vs. the original to movsell or Ron W3RIW. Tax, Jack Kanker RIDOE

Prefminary Janoary Contest Results: Mt Airy VHF Radic Club: 2,810,913 points, 56 cotries, North East Weak Signal
Groap, 1,579.1011 poinits, Rochester VHF Group: T.5-M with 38 ings.

EN2Z2 Nets: At 7:00pm local dme (00200 ule) thars iz a 6 meier net from 22 on 500230, At 8:00pm iocal time (01:00
) the nel oos 1o 2 meters from FR22 on 144,230, These are both Tuesday nite local or Wednesday UTC. Mt comrol
iz EP2ZVP and his usual mange 35 330-100 miles for afl that arc inlerested. The net is informal and {or the purpass of
reporting band conditions, hunting grid squares or just saying hi! Come onz, coane alb and check-in. It hae been guiet up
herz in WY, Especially looking {for statione from ¥R04-03. Thanks 73 hm KBE2Y WU

New Wark phone pumbers are: W30, 2135-323-7166. Fax: 2153232507, WASNUF, 215-323-2170G, Fax: 215-5325-
2A07, WAROMY 215-323-2275,

& Meter Folks bere in FN12 Some of 13 6 Moeter Folks hers in FM12 have statted a & mwoler 888 net on 50,130 at 01:00
TTC (%:00 Ph local). All are tovieed s2e vou there. 73, Carl KBISGE,

New Address As of Wadnesday, Febmuary 11 mw naw addreess snd phome mounber 150 E332 W Chesimur Avenue.
“ingiand NTO83606. FMWTOLL, KSEQD, Allen Bobfil

New Web Page Additons: www.ij.net/packrats
Bon J. Whilsel, WaEW

1 bave finafly screwed up coough cotmage to take over the Pack Rat woh page. Ow original web avthor is standing by in
asz | gol myvsclf in real oouble. As the saving poss " 4 linle bil of ktowledze is dangorows”. There have besn sems recent
changes and updates. If vou haven't looked in the lasi cosple of davs thers are some new things, TF von have #n idea of
what might bz added let me kmow. Cheesshits will continne to get first dibs at amything now. 1 wall esertain any oid
articles tat aroin electronic format Pore text Oles with no cmbedded graphics and separate GIF figures make Jife cusier,
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Me Airy VHF Radio Club, Inc.

Tula] fargx: 56

"T'he Pack Rals'

Januvary 1998 VHF Sweepstakes Contest

Total ub Score; Z.RI0L913

Conlucts and Grids per band Tortal

Call SO AMEEz B M0z 272 AMHz_ 432 MHr 903 MYz 130T 23GLUz 34 GHr 57 CHxtConiacts  Crids Senre

AATUK 146 36[ 309 43; 93 26| 11538} 3¥15 S 15| 15| 132 19 5| %06 176 ZE9.H72
WIRIW 137 30| 226 2d| 304 16) 128313] 4§ FE10] 64+ 14I| 19 E| V& Ilé HIL250
WOZEL 20 50| 274 42| 87 12| 534 3IR| &5 14| ! I [ 136 1ET.0H
WAINDF 131 29| 233 23| 7 11| 11317 304 J48 9| 17 4| ® oz 123 AEY iz LR PR
WRIKRW IS 2%| 253 36|  ®9 31| 11933 23461 41 9| I I | G4l 124 L2y.550
WRIMVO 12K 2| 1R6 26|  RI I5| D2 1T1 35 %1 46 K i6 4| 32 - 103 F1%AIGE
SNIEN A 176 IW! 4% 200 24 6! EIRET| O ®1 5| 43 5 3z I I 8 17512
E2TXE | 467 M| S0 21 12628 | AT 16| i | 5 3 B gl [us. k42
MEHYE  B6 T ORI IF| OTGO13| I1114| 35 & 3V 6 | | | i Ly [LEER-L
WITR 1M 18} ITH X6) 46 2| Bl 1%p 3 K| 43 7| 174, 53| &d| S8 0 HRAN
N3NCGE 138 35| 166 25| 51 1% 93 1B| 33 %] 41 K| T I I 530 100 S B
WIS G 1T 12D IX| T4 11 w110 A% 4| 46 S| 172 12 2] " a fid.572
WISK 65 9 14T 18 54 %5 | Tri1| 5| A5 132 Bl 71| A% £3 S84
WIKM S0 34| 176 17| S¥ 10T T3 Ar| M 3| 354| B 3| I | 452 &3 2414
AAGN 112 T ATE 2] 34 2| .. 75 1D IR U : i | 463 a3 46242
WASDRC 52 5] I9X 21| 40 2| 11R1%i 39 7| I | ; I Ha £5 Fa. 40
FRIXG 47 5| F7 6| 43 5| A 23I| ATE| 32 112} 23| 31 3 3nzas
KSMFL o4 137 143 9! B4 R 990|102 | 202 11 I % 5 | 44 K {TETEL
NEHL) 108 227 137 0P 3T 5| T8 1| I &1 I | ;o 3o 5¥ 24913
EEFEE 64 20| I3 1F| 42 H | Ty 173 xdA| 31| I : 73 Sih T TIN
RUST 4D 6| . 174 23| LT B i I ! 1 358 47 29.072
WIEKY [10 1% 101 B 39 4| £3 5 | b i | 33 I 1 1] | I 356 43 26253
NEADG S0 6] 7T M| 4% E | 37 ImI| ®T| 102 62 # 1 1% 30 25 GER
WAFACA &4 120 MR TII0| 51 6| 431 131 I I I 362 an AL
WASEHD AL IR| 143 18| &1 7 | I8 2 [T | | I 38 47 il Ry
KUY 66 %] 1% 11| 71 7| 1910 . o - I I I 352 3B I10H4
FEDMA 8% 11| 131 %] 47 5| 61 4 T S I I I 72 31 17815
WEIIT 80 12| 9T 1X| 45 €| 519 i | | | 171 274 3 14703
WICXKE 42 10| 71 1I| 13 6| I8 2| Ml 1T I | I 194 36 1274
KEZFK 533 3] 3 5| 4R 5| 36 5 | 1T2 23| 102 I I 195 135 11504
EILEZ %4 12 bR} 39| &6 | I I | I ; 350 24 1392
NIEMY | 145 34t I7 I |  E710| I I I I : 258 e GHE

WASHLT 68 5] 8% 11 I 49 ¥ | 51 4| I I : 216 31 97238
WAST 40 T 75 13| 20 7| 36 9| I I | I i 189 33 &.%00
EIDST  zT 3] 12 74 35 3| 17 2| 131 191 I i 1] 217 21 7307

NIEVWR 6 1] 111 ¥ 71 27! 311 162 I i 2 103 3 T2m

WASYTE 18 3| 51 8| 13 2| 17 3| mr|] 02| &2 ! I 124 22 5 A7H
WEHRVLA IS 340 47 M| 1% 3| 2R 12y : ' | I 174 A 5324
WIDFAM IT 6 36 T 13 5 17 & #3123, : I I 86 29 4495
WASTAL I I LI R RN ! i I I 153 15 3044
WILFY 24 5! 2§ T 21 4° 173 32 I I I 169 10 2,450
WIHMU 62 15 16 2| I1 2} ; i | ! | ; By 19 1,900
HILET i Tl x| 36 15 2 | : : : I o7 1 1560
NEDED | 112 11| 10 2! ! ! - I I 122 13 1.716
ET3A 9L 40 ST 1fE 1l & ) I I I I I 51 14 414
LT | TRl | 11] I I ! I ! T il 20

EDG 1 d4 2 I 21 : | I | 16 3 LY
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Call sAMIl 14$3THr TI2MEr  J32AH: 903 MAy 13GHr 23GIUr  34GHr 57 CiletContacts  Grids Sirpre

AINID | 12 1] i T 1 | ! [ | | 19 2 53

W3HK | 16 2| ! [ | i | | 16 2 32

AMudd- Ops Contacts and Grids per hamt Total

Call SO MHz 14 MEr M 432 MB: S0EWLr 13 GHr 23GH: JJAGMH: 57 Chrd Coplacty Grids Seare

WORS! 342 39| 350 34| §7 21| 10721 M T| 33&| 52| 13 [ e 134 152,776
wWIRS] WIPY BKIDRIR WRMOKA & NET :

F3IFOT 139 351 497 33 101 I3 12K 17| 14 5| a3 6 2! 1 I | Thel mT 147707
wi R RO K300 KT WASTAC WFIW

WIGR 190 52| 171 36| 66 21| 92 2% [ | [ [ [ 51y 134 w1718
wWIORW3IC0D

NEITT 145 18| 2SI 76 &2 7| 83 11| M4 31D ! ! : 576 £9 61,134
WINITTT N300 W50

WAZORMY 81 141 1T 20| 4D 5 ¢l 12| 183 23| % 2| L 32 358 61 L2710
wAYAZOMY WASYTE

| : [ | ! 352 =2 I1.336

WIGAD 13F I6| 1%8 1%| 56
WBGAD NIVOR & NFT

[ uz 13;
Hank Hamarman. N3NID, SHlent Koy
Bill Gorodatzer, K3MFT

Foliow Packrats, Here's a copy of a message I s2at to Warminster Amatear Radio Club members. If wou wish 10 express
vour simpathy to Hank's widow and family. please see the information holow

I want 1o take this oppormmity to give an updite on the observanee of the dearh of club Vice Presideni Hank Hamarman.
N3MID, on Tuesday, Feb. 10. Approximatsly |3 Hams (many of them WARC members) were among those who atsnded
Hank's fumeral service on Fridav, Feb, 13. We had an opportunity to hear those who eulogized him meation, among
Hank's major tnlerests, o strane connsction towards amateny radio.  Hank's widow Nina. their children (Sandra and
Jorgs) and fammily have acked me to pass afong their appreciation for the rany cxpressions of sympatiy thoy have alrzady
raczived foom Hank's amatzur radio friends, This is indecd 2 sad time for all of vs who knew Hanlo

Subject: Weai Signal Banguct
By Tom Whitead, WAIWEZG

To All VHEF Weak Signal Operawrs ... Ths VHF WEAK. SIGNAL GROUP that Mests Maondav aights at 0200 UTC on
3.543 MIiz, would like to imvite evervone that is coming 1o Dayion Hamvention to our annual banguet,, We have reserved
a tooza, (hat will seat 125, on Friday Might Mayv L3th. from 6:30 PM. amil 11:00 PA at the Holiday Inn Norh, Waggoner
Ford Road , Davign, Ohio. There will be a cash bar as well as pienty of seating 1o allow you to mix and mingle with other
VHFER'S from all over the country and the world, There will be over 30 prizes with vwa grand prizes wotth over 340
dolizars bring drawn starling at 5:00 PM. Also, thare will be a guest spouker, Josf Harrison, W3ZHN, who will provide a
shart talk on VHFE activity, There will also be g notse figure measiring table so bring your preamps o tweak.

The cost of a ticket to attend this fnction which incindss a 2 entres banguet dinner , is oalv $30 doliars par parson. and
they are limited 1o 125, You may order vour tckets by seading $30.00 plus an SASE (o gither Tony Emumucic, WASRIF,
136 Eorv Court, Concord Township, Ohio 44077 or Tom Whitled, WASWZG, 4641 Port Clinton East Bd., Port Clinten
Crio 43432, Website info is WWW_ WARWEZG COM. This one of the Jarzest gathering of Weak Signal cnthusiaers in the
7.5, 0 gof vour tizkets carty and join us for an enjovable cvening at the Iavion Hameentionl!

CHEESERBITS SITBSCRIPTIONS

Cheeseiits subsceiptions ars available o evetvone interssied in activinss aod information Tom the VHFE thoraugh the
miztowave frequencies, Subseriptions are for 1 vear of 12 issnes. For a subscription. send the fallowing inlonoatkon:
Same; Catl: L
Streel Address: _
Towm: State: Zip:
Subscroiprion Rare: $10.00 per vear (US43 $12 00 {Canada). $13.00 (Waorldwadz)
Miarch 199§ Send to; sUBSCRIPTION/ ADVERTISTNG WMANAGEER:

BEob Fischier, W2SI, 7238 Walont Avenus, Penpemieen, ™) 08110
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PACKRA'TS OFFER FREE VACATION
By Al N3IT

OF - Think back. ... What was ¥our last vacation like? Hours inn the car, highting (raflic, nagging wife, screaming kids? Or
dealing with surly hatcl stafl? Bet it costs BIG BUCKS ton! Well, if (his isn't vouwr idea of petting away {rom it atl and
having fun, read on.

Onee amain, the MU Airy YHF Radio Club is offering a FREF. 4 day, 3 night getaway to bomitifiel Camelback bMounlain in
the Poconos, home of several world class msortst Packape inchides ALL MEALS sand 3 niphis lodging in our beaunifuf
open alr Mowdaintop Lodge (vou provide the shelter).

WOW, Al sounds GREAT - What's \he catch ™7

Well. unless vou consider helping (o g2t up & fop class VHF contest siation, and operaung Irmn one of the best sites on the
casi coast & chose-—Thers isn't any! Simply contact me ASAP to reserve your spol now - Please call soon as rascrvations
arc unlirmiied.

The group will be depaniing from the QTH of Bob Fox, W3GXE, on Fridav. Junc 12 and raturning on Monday. June 13, [f
von: can onl¥ stay for part of the time, kel me know when vou plan to be up!

Sa. sign up now and be part of the Packrats as we again operate the Tune VHF Contes| frmo Cainelback Mouttizin,

Heps to hear from YOU =oon!

Currenl liss of Pask Jats up e Tacksais-3emhers' refl sctor,

WA depoio/@mOFFTO.COM o Heim] T

I @ K3z K3}z @ UISP PLF. COM
Wasays u.'y.um_hﬁ chir BELLATLANTIC NET K:: MET u";tujzril:-r;E:VOICEN E'I'.E‘CI'M
;—;{?}E '_:E“QER_C'I-U-CGM KA3MGB lauerGEARLY COM

Jredzioni@ ARL COM N3INGE n3nge@ i NETCOM. COM
NR&CA Fbynum@ TN NETCOM.COM WASNLE philauf@ AQL. COM
N3IDEQ mikeaiF@PO3 NET, CHO, GE.COM WASNTIE pmiguelezi@GLOOM
WIDFM dfmarin@FTDPROLOG NET WA ONY chitelinarati COM
EESM n3dgE@IUNG. COM W3I0OR erevan@ HOME DMV, COM

D o N30Z0 dsehwarzkopf@NE WPORT. COM
Ia}'mrJuhﬂ%pax:fa@hﬂLN_&WﬂﬁD.HARW.ME N3IOZ0 CESI:;;"E?VEE;?C%NET cond
NIDZ JaukerZVOICENET. COM WRSP rilexander@Gl COM
WAIDRC Ed Finn@USTC.VLSL.COM EBIED sickc_phillips#FDOL NET
I‘-‘:}g}; kldﬁ?fﬁluﬂi% ~ NESQ nk3QH AMSAT.ORG

DY CCTOME; ET.NET WIRTW rehitsel warm@ VED A, COM
;‘Jj;g iﬁl}'ﬁ%ﬂgg‘mmﬁﬁmm WORS] bBtmurphy @ATTMATL, COM
==t endigJUND. COM N2SE C176T3@EMAIL MCOT. COM
K3EST mrpackrat@ACL. COM W2sJ Insf57 AGPRODIGY.COM
WaGal dDEﬂ'@T‘fDlEENET_CDM WISE pmﬂ.’fi-v-{_}ICE"ﬂE'I‘ CEDM
AASGN landisj@NAD. COM KUST kesr@ VOICENET. COM
K3GNC fovtdk3gned WORLDNET ATT NET KITVE Kb B TINCC. COM
if;*—’f}r? 2ealfrey. h kraunss@l. MCO. COM WA43U e EDIUSYS, CMS. UDEL EDT
;ﬁff:":'i-: p ssellers@ GLEOM A2UK a2k ABELLATL ANTIC NET
o lAL wadiacd JTUNG.COM WILR WA BELLATLANTIC NET
i':'-_‘f_w!B kb3 i@ GENESGATE KT b T WATERW COM
: T rbrowni VOTCENET. COM WBIVLA dpower@ VOICENET. COM
e ooy P bTOW B MICO.COM KEIXG JohnKBIXG@AQL COM

kG =5 5ee0 @ADL, COM WAIYHO gdallas@HP ANVY, ANHP COM
ESTL soltoffi USRS CON, O WATYITE Bruce ].nEs-Ei:lWTSYS IS aLY|
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11.644 Gz BRANCH HYBRID
de: John Soror, KB3XG & Paul Drexler. WRITY O

INTRODUCTION:
When Paul and T staricd this 24 GHz job we divided up the tasks. Fanl tarkded the wun wave circaits and T did the ¢asy
low frequency things like the 12 GHz 90 degree hybrid. Notice T used the word casy in this sendence. Mg with any other BF
project T have worked o, there is always something that is nnexpected that Lurns inio a lcarning cxpericnce.
DESIGN ITERATIONS:

The design of the hyvbrid staried with a faxed copy of a texibook describing the circui tapaloy. {Sce Figure 1]
caloalaied the line widths and lengths using an old DOS based K2UYH  progrn. Within minotes 1 had all of the
mechanical dimensions for the micro strip lines and [ thought T was dons wigh the desizm.

Zo = 20 Ol BORED

o N
e I: T | Cramat ]
v o -
k— 174 waze — ——— o} i
HOTE: 14 wave | i
Zh = 5 Cheres drmersont e 1 } P 0= 50 Qs
Cmorer Tanel : I
152 waye !
|
Isolat=d | —
lsoat=a [l—\ 1 . | Courpars 2
| "
:;I:T 50 Clege Z9= 30 Cams/SCR(Z)

FIGURE 1: Geomerry of Branch Line Hybeid
L0 freq = (24,197 GHz - 903 MHZ) / 2 = 11644.5 MHz

DC board 2, = 2,17 valogity = LISQR{2 17 =0.679
PC board thick = G.010" copprer thick = O.G0033"
snent arm S0 Ohm = 00307 weries arm, 50 Ohm £ 3OR(2) = 3536 Ohm = 0.050"

1f4wave i@ 11.6 GHz = 300/11644 30z X 39.537in'm X 0679 X 25 wave=0.172"

I had access to 2 copy of Touchstone and just [or orine T enrered the mechanical dimicnsions into a program file, 1 told the
COmMPUICT 1o oplimize 1ha hybrid at the desired frequensy. The machine chnmed away fora minate or 50 and came up with
mizro strip Hnes that were 12 mils Jongzr than 1 had caloulated To makes things mose confusing, the conputar said that
lhe 50 Obm iine was slightly longer than e 33 Chm line. What's going on here? Bs the test book wropz? Did the
compnter make 2 mistake? The diffsrence wasn't that sreat but s this frequency T felt that it was imporani w wake sure
BLNTE WETe a5 acoUrRie a3 passiblo.

! 11.644 GHz W der Branch Line Byhrid

Dhd

FREC Giz

FES OH

IMND NH

CAPFF

LG ML
VAR

L1FI00 §83.12740 200 ¢ length of 35 Ohm line

1.2%100 18603200 200 | length of 50 Obm line
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CET

MELE ER=I117 H=10 T=0.7 RHG=08 RGH=0
BLIN 1 2 W50 L~LI 1 series arm

MLITW P 4 W=30 RALE Y inpud shont amme

RES 4 0 PR=30h I isplation load

MLIN 2 3 W=30 L*L2 ! gutpnl shunt arm
MLIN 3 4 w=3) L~L! ! series arm

TIEF3P ] 2 31HYE

ouT
HYB LB[S21j GRI ! port 1
IYE DB[S31] GR2 ! part 1
HYE DE|511] GREI | inpul match

FREG

SWEEP 11.144 12144 0.1
GRI

FAWNGE 11 12 (.1

GR1 -3003 0l

GR2 =30 o 5
CPT

RANGE 11.634 11654
HYE DBf521]=-3
HYE DBE|531]=-3
HYE DR[511]<-10

*«* Bottom of File ***

11.644 GHz 9% deg Braach Line Hybrid
FREOQ DB[Sa) DB{Sy] DB|S:]

{3t HYE HYE HYE
11.144 -1.098 3128 -71.835
ILZI4 3057 3129 33,741
1134 -3.024 3130 -26.156
11444  -3.001 3131 19,433
L5444 21086 -3.132 -34.3435
1164 -298] -3.132 -39.750
11.744 2984 5132 34531
11,844 -2.997 -3.132 -25.536
1154 -3.019 -3.132 216,244
12.044 5050 5132 33810
12144 -3.000 -3.132 -21.893

EFFECTIVE INELECTRIC CONSTANT:

I called Paul to ask sboul this discrepancy. Panl's first guastion was "Did you consider the effective dicleciric conszan?"
The effective what? Thad never heard of this term It turns out that the ratio of the widih of the ling 1o the thickmess of the
board affzctively chanpes the dizlscibe constant. The changs in dislectric constani aliers the width of the line but mors
irporiandly aliers ihe leneth, Pasnl faxcd me several pages of 3 MathCad file with lots of vely equations.

Exampie of ugiy equations:

er-1  er-1 1 o :
Effective Dislectric Conmant 21T 0= —  + - * | 10 EI0R* ] ~~*e™ = =fw/hi*e |
' 3 1 ISQRUIS]1 2166/ whi] )
{112

Freguency Effects: coff Geg=c=E 0 *
1-{e—=ff Wery*ic"2)
where operating fraquency = 1 {GHr} and £, = (0.00895*h* 6 Zhne
-March 1895 Packrats Cheesebits Pg. -



Characieristic Impedance: Z0

& {0089+ w/h =1 70 LB9AF{n/h 1 3 8)

Zi = -*In
SOR{e-efl )

fwih (w1269

The equanon canscs the diglectric constant 10 he lees than the advertised number in the cataleg. Table | lisis 5 cxamples
at 2304 MHz which show hews the effective diclectric constant changes nith 3 variation i width to height rann. Fahle 2
shows calcniated kine width resolts from 4 different sparees for my application at 11.6 GHz. This includes a caloulation
that ignores the copper thickness and effective dielectric constant

TAELE 2: MICRO STRIP LINE LENGTH CAFLCULATIONS
matarial: Tacowc TLY, thicknoss = 00107, & = 217

TABLE 1: EFFECTIVE & vs w/h VARIATION
materal: Rogers Durodd, thickness = 003" o, = 2.55

Freq el Z; W ldwme

THz e Ohm mils mils remarks

2304 194 120 133 0188 wh=iE
04 200 Hud L0 w39 wh= 1.0
M 208 618 920 887V wh- 20

214 478 930 8738 wh=31

X4 218 391 134 BAY.0 wh=410

SR SNy
[
=
E

Fren eff 20 W Llidwave
Gz g Otun mils mils

__...Lemarks

11644 477 300 3008 1722 irnorc oo & offcctive o

1164 277 3000 3037 1803 KIUYEH

PLodd BT S04 3110 18331 AppCUad

11644 70 500 3000 1841 TouchSicne

Je 3040 1723 ijumore cu & coffectve =
364986 IR3T KMYH

36 384 1818 AppCad

1164 277 35356 3000 1851 TonchStons

ITeqd 277 355
11644 297 3
11644 1,63 35

Tahtes of popular line impedances, widths, and board thickness, Nocs that the effsctive dielectriz constant increases
shghtly with frequency. The frequency term in the equalion is insignifcam at 3456 MHe and below, but at 3760 MHz and
above the foinzing offects around the edges of the Iine causes 2 slight increass in dislectds constant, line width. and line
iepgth. This rate of inoreasc is more prevalent oo PC board material thal fis 4 higher inidal diclesine constant such as

FE-dorc 100
material: Taconic TLY
thickneys = 0,010"
o =217
Lo =300 Ohms

Freq eff W 1idwmes
GHz ¢, mils  nils

(£222 186 331.10 974
G903 1he 3110 ZZ96
F2%a 086 3110 1689
S04 Lee ZED 93BT
2450 1.4 3R 00 8237
2960 LB SEEG 3753
10568 187 31.10 2083
241021 188 21.23 RR.9

ruaterial: Eogers Doroid
thickness = 0.03 1"
g =233

Zy = 30,0 Chins

Freq =fFf W lidwoen
GHz ¢ mils  milg

0,223 2112 8687 %130
0003 212 RGBT 2342
129G 212 3687 1352
2304 215 3687 8780
3456 2115 BG.ET 3B16
2760 214 EY.02 3304
19368 217 5782 1953
24192235 9402 ELI

- March 1998 Packrats Checschits Po. 9-

matcnat: G-10 7 FR-4
thickmess = 0.062"
R AL
g = 3.0 Ohms

freq efi W Lidwase

(FHx ©. 1mils  mils

0322 338 111.0 7020
0.903 360 1110 1723
L3596 361 1110 1180
2304 364 1111 o713
3430 368 Llla 3433
L7600 307 1158 2639

F36R 598 J22 % 427
4192443 1534 811



malerial: 3hM e 10
thickness = 0,03 1"

mateqal; G-10/ FR-4
thicknoss = 0.052"

muterial: Ropers Dureid
thickness = 0.051"

g =9.90 e = 180 e = 133

Zy = 50,0 Oluas g =230 0hms Zo = 1M Ohuns
Freq cff W lMdwwme Freq off W Iidwave freq =ff W Lidwave
GH: g mils  mils GH: e mils mils GHx o mifs  mils
.122 .62 29.80 5164 0223 395 3077 oG8R (222 197 2426 9456
0805 6.64 2079 1268 0903 3.97 3077 1040 0503 197 2426 2324
1,296 6.63 1978 8830 13% 398 307.7 1141 12956 197 24.26 1630
23H 568 2970 4954 2304 403 3084 6378 1503 198 24260 9111
3456 673 2978 3290 3436 4.0% 310.] 4221 3456 188 2420 6071
TG0 683 2986 1257 5760 420 316.1 2408 760 198 24530 3837

N33 713 31.00 1066
23142 B 11 3840 428

material: Tacome TLY

thickness = 0.0140"

10368 440 534.0 1356
24192160 53TEA 545

tnaterial: 3k e 14
thickness = 0 131"

1405368 2.00
24182 2.06

materialk G-

2450 2015
JAE LT R

10/ FR-4

thickness — (062"

& =217 -
S ¢ = 9.90 e, = .80

) Z%" i:,':' ?T;,s - Zo=25.0 Ohms Ze = 100 Obrns
Gr[jq E, N f.l .a " Freg =0 W ldwave Freqg =ff W Iiwmve
ot :.j ;..gﬂn;:gsg [;n;j_.j SHy e tmils mils GHe = _mils mils
hons 147 7590 2150 0222 746 96.20 4868 0903 3.36 24.35 1809
iy ,'9; 2890 163 0903 7.49 96.20 1194 1,296 3.7 24.35 1259
i‘:’éj a7 0 91”1 1296 7.51 96,20 3307 2304 328 2457 T06.9
156 197 1691 6087 2,304 7.38 9620 465.1 3156 330 24.60 4098
s men 197 7693 36e0 3456 7.67 96.20 308.3 5760 335 23.27 2798
(0265 1.08 7501 2005 5760 7.86 96.90 1827 10,368 3.52 28,15 152.3

e 10.368 £.24 99.80 99.10 24.192 £.05 4832 60.8

24,092 200 755 Be3

matenial: fogers Durmd
thicknezss = 003"

24192 209 1141 0.5

material: Taconic TLY
thickness = J.010"

matertal. 380 2 10
thickness = (LU31"

oo as - £= 090
2 =259 cr—_z_I? ) Z. = 100 Ohme
] Zg—z:z.ﬂ Ol £y, 7 400G Ohros Freq off W LMwae
Freq ef W Lidwave Freq ef W Hiume GHr = mils mis
GHz ¢ tils wmils GHz = mils mils 1377 605 £13 5189
0,223 236 223.4 BE32 0322 175 9.04 10048 Camn st 417 123
_ N 0,903 6.03 4.13 133)
{903 227 2234 2170 0903 1.75 904 2473 1906 604 §13 9267
1,296 227 2234 1512 1.295 1.75 9.04 1723 S
2304 227 223.5 8493 2304 1.75 9.04 960.1 3456 607 313 465
3456 23% 2237 3654 3436 175 9.4 6460 5760 613 415 W10
5760 230 2243 3381 5.760 175 9.04 3873 10368 6,97 431 115.7
10558 2.33 2268 18463 I 358 175 904 2153 j4_1g-; 6-;; 6;; 46,3
24193 2.42 1397 783 24.197 1.76 908 $2.0 R ) )
CONCLUALON:

T shought that the concepl of cficotive diclectric constant would ondv be sipnificant at 24 GHe. [ realies now that it shold be

part of vour calculations regardiess of frequancy. This was made clear by my branch hvbrid desizn exampls whers the length of

the 20 Ohm shunt atms were stichtdy Ipnger than the 35 Ohm se=7ics anns.

4z-a side not= T did go hack and play with K2UYH's basic program, Tt is not obyvious 1o the user but 41 did inzhude the effecuve

disl=ciric constant into his catenlations. To obtain the dimensions of the micro strip you must includs the thickness of the

copper and the: frequency of inlerest The copper thickness is 0.0007" par sids for 1 07 copper and 0.0014" par side for 2 oz

coppzr. The lengih of the micro sinp ling is calomlated as a fll wavelsmeth I'monot sure 8 Al's basic programs are stll in the

public domain. If not, T would be happy to eruail a copy to anyone that s intorested. Paul has aise offered 1o smail his MathCad

Hlz 10 any enginesring weanias out thare who woald ke a copy.

HErERENCES:

Foundalions for Microsirip Cirauit Design by Edwiards

T AppiCad V1.02 Hewler-Fackard Co., 1990

HF EESCF TonchStomic

email - JohnKB3 X Gl com email - pdrexler@hotinail cmm
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RICHARD E, SoOMLY
r302) 478-2757 Since 1977

ToOL, DIE B MACHIMNE GO [NGC.
ZDS5 BEMNETT RD. FPHILA,, P& 1218

AMATEUR & ADVANCED COMMUNICATIONS

Arnateur and Shortwave
Closed Sundey & Monday

GISELE 3208 Concend Pike  Rie. 209 {=1sh E7A-1 300
KawWal Wilmingtsr, Delawsre 19303 FAN B34-53a7

6008-541-0t 20

. . {21%) 745-6173
Fax BO%-%d].2546 f609) 265 3568
300} S-EALY-O)
Bob Fischer Company, Inc. COMPU-SIMPLE, INC.
AERIAL LADDERS - GRANLES - MANLIET FaauliFMENT COMPUTER AFPPLICATIONS FOR SMALL BUSINESS
- A ¥ .
BOB FISCHER 275 LINCOLN AvE. ELLIOT T WEISMAN WILMINGTON, u:&“‘&”lﬁ
+HREGIDENT CHMDEN, M. ), QB IDS
T E— ve— E—— T—

' = AUTHORIZED DEALER TEL 908-T76-2522
Dm' Ml R M e - FOMN TOWERS FAX 008-T752535
A FULL SERVICE TRAVEL AGEND Y

TELEX-HY-GAIN
ANTENMA SYETEMS
AQTATORS
HARRIKT S5OLYOFF TOWERS
TRAVEL CONSIALTANT
&14 SQUTH THIRD STREET {215 . f;D%ELFhECTHIG C0., INC.
PHILADELPHLA, P& 19147 ) RES. 947-4482 NEPTUNE, K.J, 07753 GEME PiLOT
P L A —
A {215} 288-0325
L3
THE R. F. CONNECTION L

=l W3 HK
R F Connectors and Coax”

GECRGE 5. VanDYKE, JR. PE.

Joal Knoblock Orifer Ling BOG-TA3-5666
301/840-547F7 Zudta 11, 213 N. Froderick Ave.
Fax 301/869-3880 Qaitharsburg, MU 20877 1737 Scattergood Street
Philadaiphia, PA 19124
Craphic Design Hlustration Prsductinn J {600} 2880738 RICHARD CONNOR
4 A"‘-.
= RECO ati
== Lynne D. Whitsel I IICATIONS
= = COMMLIHICA TIDHE TOWER Lt MTENANCE
= + aMNTEMMAS, FEEDLINES, TOWERK INSTALLED
e = 200 Frog Hollow Read LR SrETEm ThOUAL Eera ey TE-GUTING
« RF 75 L H
Churchyille, BA 16966 + LIGHTRIMG FASTECTIDN. GROUMND ETETEMS

25 A55-5740) 412 Carfansa Aoad

Emwrirancy Service Tabarnach, N4 G088
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00006000 A, -\, /) DOWNEAST MICROWAVE

Manufacturers and Distributors
&7 of VHF/UMF/SHF Equipment and Parts

* Microwave Loop Yagis

* VHF'UHF Yagis

* No-Tune Linear Transverlers

* Linear Power Amplifiers

* Low Noise Preamps

* (oax Relays, Coax Cable, Connectors

* Crystals, Chip Compenents, MMICs,
Transistcrs, BI" Modules

For All Equipment & Antennas:
Steve Kostro, N2CEI
954 Rt 519
Frenchtown, NJ 08825
Tel.. 908-996-3584

) af\} Fax. 908-996-3702
@% hitp:/Avvww.downeastmicrowave.comfindex.htmi



