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ABSTRACT 

THIS IS A STUDY OF A L'NIQUE FEEC SYSTEM WHICH WAS 

DEVELOPED TO IMPROVE Tl-E PERFCRMNCE OF TYPICAL HALF-WAVE 

VERTICAL MOBILE COMMUNICATIONS ANTENNAS. POPULAR 

MISCONCEPTIONS CONCERNING THE ABSOLUTE GAIN OF SUCH 

RADIATORS ARE DISCUSSED. SINCE VEHICULAR ROCF-^IZEO GROUND 

PLANES LIMIT THE REALIZABLE GAIN CF CURRE^LY USED hALF-WAVE 

WHIPS, THE GOAL SELECTED WAS TC DECOUPLE THE RADIATOR FROM 

THESE UNDERSIZED GROUNC PLANES. MTHE ^1YPCLE,, ANTENNA WHICH 

EVOLVED IS DEMONSTRATED TO HAVE ADJUSTABLE INPUT IMPEDANCE 

WHICH IS EASILY MATCHED, TRUE HALF-WAVE CIPCLE PEPFCRMANCE, 

AND  MINIMUM   GAIN   AND   PATTERN   DEGPADAT1CN. 
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I- IhUULLllLti 

WHEN RADIO FREQUENCY ENERGY  IS FED TO AH   ANTENNA  ONE OF 

THREE   THINGS  OCCUR:   1)  TFE   ENERGY  IS   RACIATEO  AS 

ELECTROHAGWETIC WAVES. 2)      IT IS  REFLECTED BACK  TOWARD THE 

GENERATING SOURCE. 3) IT IS DISSIPATED AS     HEAT DUE TO OHMIC 

LOSSES IN THE ANTENNA.  THE LAST TWO EVENTS  ARE UNDESIRABLE 

AS THIS ENERGY  IS NOT  RADIATED. AND  REFLECTED ENERGY  CAN 

CAUSE PROBLEMS AT THE  GENERATING SOURCE. EVEN WHEN  MCST OF 

THE DELIVERED ENERGY IS RACIATEC BY THE ANTENNA. THE SPATIAL 

ORIENTATION CF WHERE IT  IS RADIATED IS VERY  IMPORTANT. THE 

RADIATION ANGLE OF THE MAIN  LCBE CF RADIATION SIGNIFICANTLY 

AFFECTS THE PERFORMANCE OF A MOBILE COMMUNICATION SYSTEM. 

AS A CASE IN POINT TAKE VERTICAL ^CNOPCLES COUNTED ON 

THE ROOF OF A CAR OR ON A SUP. HOW DO THESE ANTENNAS 

PERFORM? AT BEST. THEY ARE EOLIVALENT TO CNE HALF WAVELENGTH 

OIPOLES. THE THEORETICAL DEVELCPMENT OF WHICF CAN BE FOUND 

IN ALMOST ANY BASIC ANTENNA TEXT. THIS LEVEL OF PERFORMANCE 

IS ADEQUATE AND THE RADIAT ICN PATTERN OF A VERTICALLY 

PCLCRIZEC CIPOLE IS A GCCD COMPROMISE FOR A MOBILE PLATFORM. 

SINCE ITS LOCATION IN RESPECT TC CTHER STATIONS IS USUALLY 

UNKNOWN OR AT LEAST  LNPREOICT/ELE.  HOWEVER.  THE  OBSERVED 



PERFORMANCE OF THESE AMENNAS IS FAR BELCW THAT EXPERIENCED 

WHEN USING A DIPOLE FRCM THE Sm LOCATICN. PATTERNS TAKEN 

ON MAOITIME ANTENNA RANGES REVEAL THAT SHIPBOARD VERTICAL 

MONOPOLE ANTENNAS FREGUENTLY HAVE -2 D8 GAIN IN RESPECT TO A 

REFERENCE CIPOLE.(l) TMS IS OLE TO THE EFFECTS OF THE SHIPS 

HULL AND SUPERSTRUCTURE. MEASLPE^ENTS TAKEN CN SIMULATED 

VEHICLES ROOFS HAVE REVEALED THAT VERTICAL MCNOPCLES IN THIS 

APPLICATION AGAIN ARE CONSISTENTLY -5 TQ -10 DB WHEN 

REFERENCED TC A CIPOLE ANTENNA.(2) 

THE PROBLEM UNDERTAKEN IN THIS THESIS IS TC DEVISE AN 

UNBALANCED FEED SYSTEM WHICH IS FLEXIBLE ENOUGH TO MATCH 

VARIOUS LENGTHS OF MQNQPCLES AT VARIOUS HEIGHTS ABOVE A 

GROUND PLANE, AND TC USE THIS MATCHING SYSTEM WITH AN 

ANTENNA WHICH WILL PEPFCRM AS WELL AS A DIPOLE ANTENNA. 

CCMMESCIAL ANTENNA MANUF/CTUPERS CONTINUALLY INFER CNE 

QUARTER WAVELENGTH MCEILE ANTENNA "WHIPS" ARE EQUAL TO ONE 

HALF WAVELENGTH DIPQLES. AS SEEIV FROM TFE ABOVE MENTIONED 

MEASUREMENTS THIS IS FAR FRCM THE TRUTH. ANTENNA GAIN 

FIGURES ARE FREQUENTLY GIVEN WMCH ARE STATED SO THAT THE 

CUSTOMER WILL THINK THIS IS THE CASE. IN MANY LAND MOBILE 

ADVERTISEMENTS GAIN FIGURES APE FREQUENTLY GIVEN REFERENCED 

TO QUARTER-WAVE WHIPS. THE WRITTEN WCROS ARE TRUE, BUT THE 

REFERENCE ANTENNA CAN BE AS MUO AS -10 DE WITH RESPECT TC A 

REFERENCE DIPOLE. AGAIN IT IS FCPEO  THAT THE CUSTOMER WILL, 



DUE  TO   PPEVALENT   «ANTENNA   FOLKLCRE",   EQUATE     THE   WHIP   TO   THE 

HALF-WAVE   DIPOLE.   WHY     DOES   THIS     HAPPEN?  MAINLY     BECAtSE   IT 

HAS        BEEN     MATHEMATICALLY        DERIVED     THAT        A      CUAPTER-WAVE 

MONOPOLE,   IF   PLACED  ABCVE  A  FLAT,     INFINITE.   LOSSLESS   GROUND 

IS   EQUAL   IN   PERFOPMANCE   TO  A   HALF-WAVE   CIFCLE   IN   FREE   SPACE. 

(IN FACT   THE  GAIN  CAN   EVEN  BE   SHCW*.     TC   EE   3   DE   GREATER   THAN 

THE  DIPOLE   DUE     TC   THE   "PHILCSCFHCAL"   PACIATION      INTO   "ONLY 

HALF-SPACE«.)   IT   IS   POSSIBLE      TO   MAXIMIZE     THE   FLATNESS     AND 

MINIMIZE   THE   LOSS   OF     A   GROUND   PLANE,   BIT   HO*     BIG   IS   «LARGE 

ENOUGH"?   THIS   HAS   YET   TO   BE   AGREED   UPON.   HOWEVER,   CNE   CAN   BE 

CERTAIN      THAT     AT        MOST     FRECLENCIES        CCMMCNLY      LSED        FOR 

CCMMUNICATICNS   TODAY,   "LASGE      ENCUGH«   IS     GREATER   IN     EXTENT 

THAN   A   CAR   CR   TRUCK   RCCF. 

THERE   ARE   INHERENT      LIMITATIONS      IN     THIS      STUDY.      THE 

INAVAILIBILITY   QF   A   LARGE   GROUND   PLANE,AND     THE   INABILITY   TO 

CREATE   CTHER     INTERFERING     STRUCTURES     THAT     ARE      SO     COMMON 

ONBOARD   SHIPS.   THESE   LIMITATIONS   MAKE     THIS   STUDY   APPLICABLE 

FOR   USE    IN   CONJUNCTION   WITH   LAND   MCBILE   ANTENNA   SYSTEMS. 



II.  Ikl££fi£IILAL.£C££i££EiIICKS 

THE ANTENNA IS A CNE HALF MVELENGTh RAOIATCR ATOP A 

PARRLLEL LINE MATCHING SECTICN. IF A ONE HALF WAVELENGTH 

RADIATOR IS DRIVEN AGAINST A GPCLND PLANE A VERY UGH INPUT 

IMPEDANCE IS OBSERVED, THIS BEING DUE TC THE CURRENT AND 

VOLTAGE DISTRIBUTION CK A RESCNANT HALF-WAVE ANTENNA, SEE 

FIGURE   1   BELCW. 

FIGIPE   I 

VOLTAGE   AND   CURRENT   CISTPIBLTICN 
ON   A   HALF-WAVE   KNOPCLE 



AS THE ABOVE FIGURE SHOWS, THIS ANTENNA EXHIBITS HIGH 

VOLTAGE AND MINIMUM CUPPENT AT THE FEED POINT, THUS A VcPY 

HIGH INPUT IMPEDANCE. EXTENDING THIS CCNCEPT FUPThEP TO THE 

CASE OF T^E THE LONG ELEMENT CF A HYBRIC DIPOLE, WHICH IS 

THREE QUARTERS OF A WAVELENGTH LCNG, (ELECTRICAL LENGTH) ITS 

CURRENT AND VOLTAGE OISTRIBUTICN SHOULD APPEAR AS SHOWN IN 

FIGURE 2 BELCW. AGAIN THE ANTENNA IS CRIVEN OVER A GROUND 

PLANE. 
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FIGURE 2 

VOLTAGE ANC CURRENT C ISTR ISUT ION CN 
A THREE CUARTER-^VE MCNCPCLE 

THIS FIGURE SHCKS  A LOW VCLTAGE  AND HIGH CURRENT  AT 



THE FEED POINT ANC THEREFORE, A .LOW INPUT IMPEDANCE. 

MEASURED IMPEDANCES FCR THIS ANTENNA ARE BETWEEN A5 AND 50 

OHMS. (3) THIS WOULD BE A GOOD kCRKING IMPEDA^E HOWEVER, THE 

RADIATICN OF THIS ANTENNA IS UNDESIRABLE IN MOBILE 

COMMUNICATIONS. THE ELEVATION PADIATICN PATTERN OF THIS 

ANTENNA IS PRESENTED IN FIGURE 3. 

FIGL'PE   3 

ELEVATION   RADIATICN   PATTERN   CF   THE 
THREE   QUARTER-MVE   MONCPCLE 

IF IN AN ATTEMPT TO CANCEL THIS UNDESIRED LOBING EFFECTf(SEE 

FIGURE 3» ANOTHER RACIATCR IS PLACED IN CLOSE PROXIMITY TO 

THE 3/4 WAVE ANTENNA /»NO FED CLT-OF-PHASE WITH THE MAIN 

ELEMENT, WE CAN ACHIEVE NEAR CANCELLATICM OF THE FIELDS IN 

THE VOLUME SURROUNDING THE SPACE WHERE THESE ELEMENTS ARE 

PARALLEL.   BY   MAKING   THIS  CUT   CF   PHASE   SECTION   ONE   CUARTER   OF 

10 
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FIGURE   <' 

EXPECTED   CURRENT   DISTRIBL7ICN   ON   THE   HYBRID  CIRCLE 

CCNSIOERING THE CUARTER-MVE STUB TC BE AN EXTENSION 

OF THE SHIELD ON THE CCAXIAL FEECLINE, THIS DISTRIBUTION IS 

QUITE   FEASIBLE.   FIRST,   AT     THE     TCP     END     OF     THE     STUB     THE 

12 



CURRENT MUST GO TO 2ERC. THEREFCRE, A CURRENT MAXIMUM WILL 

EXIST ONE CUARTER OF A WAVELENGTH FROI^ THIS PCIKT, CR AT THE 

BASE OF THE STUB. THIS PRODUCES THE DESIRED PHASE CIFFERENCE 

BETWEEN THE CURRENTS CN THE SECTICNS CF THE ANTENNA WHERE 

THE LINES ARE PARALLEL, AND SHCULD RESULT IN THE DESIRED 

CANCELLATION OF RADIATED FIELDS OVER THE FIRST QUARTER 

WAVELENGTH CF THE ANTENNA. IF THE INPUT IMPEDANCE IS NOT 

SEVERELY  AFFECTED,   THE  ANTENNA   SHOULD   FUNCTION  AS  DESIRED. 

IGNORING     THE     PRECEDING       CLRRENT/PHASE     RELATICNSHIP 

THEORY,      ANOTHER     DEVELOPMENT     ALSC      PREDICTS     THE     ANTENNAS 

PERFORMANCE.   ASSUMING   THAT  THE   RADIATING   SECTION   CN   FIGURE   4 

HAS  A   HIGH   INPUT      IMPEDANCE,   A^C   LOCKING   AT   THE     TWO   ELEMENT 

SECTICN\AS   A     ONE   QUARTER     WAVELENGTH   TWC-HIRE     TRANSMISSION 

LINE   TRANSFCKMER,   WITH     CHARACTERISTIC   IMPEDANCE     DETERMINED 

BY  THE   ELEMENT   SIZE      AND  SPACING,   THE   HIGH   IMPEDANCE     CF   THE 

RADIATOR   WILL   BE   -TRANSFORMED      TO     A     MLCH     LOWER      IMPEDANCE. 

THESE   LINES   HAVE     EQUAL   AND  OPFCSITE   CURRENTS     AND   THEREFORE 

DO NOT   RADIATE.      IF      TFE     CHARACTERISTIC      IMPEDANCE     OF     THE 

TRANSFORMER   SECTION   IS  JUDICICLSLY     SELECTED     IT     SHOULD     BE 

POSSIBLE     TO     REALIZE     A     50     L>M     INPUT     IMPEDANCE     AT     THE 

TRANSFORMER   WHERE 

2-u»s *i 'K <i> 
IS THE GOVERNING  RELATICNSHIP. THUS 'NlTH ELEMENTS  OF FIXED 

SIZE, Z CAN BE  CHANGED 9Y  VAPING THE  SPACING BETWEEN  THE 

13 



V 

ELEMENTS.   HERE 

Z0«  276*L0G   (B/A) <2> 

IN THE EXPERIMENTAL STUDY THAT FCLLOWS MB* IS VARIED FROM 1 

TO 4 INCHESt CO.012 7C 0.050 LAMBDA) "A" IS FIXED AT 0.125 

INCHES, (0.0016 LAMBDA) WHICH PROVIDES A Z SPREAD CF 250 TO 

415 OHMS. THE VALUE CF Z IN ECLATION <1> SHCULD BE VARIABLE 

OVER A WIDE RANGE OF VALUES SIKFLY BY CHANGING THE SPACING 

BETWEEN   THE   TWO   ELEMENTS. 

14 
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in. flfmofüf£ji_o£_iLimA_£CitfjfiU£Aiiflti 

A.  THE BALANCED FEED hYBRIO CIFCLE 

EXPERIMENTS WERE FIRST  CCNCüCTEO KITF  A BALANCED  FEED 

ANTENNA.  THIS ANTENNA  APPROXIMATES AN  EXTENSION OF  A TWO 

WIRE TRANSMISSION LINE. IN THIS CASE ONE END CF THE TWC WIRE 

LINE IS TERMINATED IN  A FIELD SFOPT  CIRCUIT, WHILE AT  THE 

OTHER END ONE LINE IS EXTENDED  AS THE RACIATCR. CCNSIDERING 

TWC WIRE TRANSMISSION LINE  THECPY, THIS FORM OF  THE FYBPIO 

DIPOLE SHOULD HAVE ThE HIGHEST  FRCBAELITY CF PRCOLCING GOOD 

PERFORMANCE, SINCE THE  TWO WIPE SECTION  IS BALANCED .  THE 

QUESTION THAT APPEARS TIME AND AGAIN IS  "WHAT IS THE ACTUAL 

IMPEDANCE AT THE EKD     OF  THE  UO  WIRE  SECTION  WHERE THE 

RADIATOR BEGINS?" THIS  QUESTICN IS PERTINENT EECALSE  A TWO 

WIPE LINE SHOULD BE  TERMINATEC WITH A LCfiJ   ACROSS  THE ENDS 

CF THE TWO LINES, BUT  IN THIS CASE, ONE LINE IS  LEFT OPEN, 

WHILE THE OTHER IS CONNECTED TC AN EXTENSION CF ITSELF. THIS 

TYPE OF  "TERMINATION"  DOES  NCT  SEEM  TO  BE  ANALYZABLE. 

COINCIDING WITH THIS PROBLEM IS THE  PROBLEM OF DEFINING THE 

END POINT  IMPEDANCE  OF  A  DIPCLE  ANTENNA  FOR  THIS  TOO 

REQUIRES  TWO TERMINALS  IN CPCEP  TO DEFINE  IMPEDANCE. THE 

BALANCED VERSION OF  THE  HYBRID  DIPCLE  IS  CONSTRUCTED AS 

15 
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BRIEFLY DESCRIBED ABCVE  AND  IS  GRAPHICALLY  PRESENTED  IN 

FIGURE 5. 

Insulator / Spacer—. 

200 a Balanced Feed 
(4>l Balun) 

R. F. Shorting Plate 

FIGURE   5 

THE   BALANCED   HYBRID   DIPOLE 
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B.      IMPEDANCE   MEASUREMENTS   ANC   RADIATION   PATTERNS 

THE IMPEDANCE OF AN ANTENN* IS OF LITTLE IMPORTANCE WHEN 

CONSIDERED ALONE, FOR A OUMKY LOAD HAS FINE IMPEDANCE 

CHARACTERISTICS BUT DCtS NCT RADIATE. HCWEVER, UHEN TAKEN 

WITH RADIATION PATTERN AND GAIN MEASLPEMENTS, IMPEDANCE 

TAKES   ON   MORE   SIGNIFICANCE. 

THE BALANCED VERSION OF THE HYBRID OIPCLE HAS SEVERAL 

VARIABLE PARAMETEPS, kl-ICH MAY BE USED TO OBTAIN A GOOD 

IMPEDANCE MATCH TO THE FEED L^E. THESE ARE: 1) SPACING 

BETWEEN THE TWO WIRES CF THE MATCHING SECTION, 2) LOCATION 

OF THE FEED POINT, 3) LENGTH CF THE TWO WIRE SECTION, 4) 

LENGTH CF THE RADIATING SECTICN. THESE WERE ADJLSTED UNTIL 

THE TRANSMISSION LINE WAS MATCHED TO THE ANTENNA AND TESTS 

OF   IMPEDANCE   AND   RADIATION   PATTERNS   WERE   CCNCUCTED. 

MANY FACTORS APE PRESENT IN A SWEPT FRECUENCY 

IMPEDANCE        DETERMINATION, HCWEVER, PERHAPS        THE       MOST 

RESTRICTIVE FACTOR IN THIS CASE WAS THE NARROW-BAND LOW-LOSS 

COAXIAL ^:l BALUN. THIS BALUN IS NECESSARY TO BRING THE 

UNBALANCED 50 OHM FEEDLINE INTO BALANCE AND RAISE THE 

IMPEDANCE TO 200 OHMS. THIS VEPSICN OF LINE BALANCING DEVICE 

WAS CONSTRUCTED FCR CONVENIENCE AND TC ELEVATE THE FEED 

POINT   FROM   THE   PROXIMITY   CF   THE   SHCRTING   PLANE. 

17 



THE RADIATICN PATTERNS WERE TAKEN AT RESONANCE AND 

SUPERIMPOSED OVER A REFERENCE CIPOLE IN BOTH AZtflUTH AND 

ELEVATION. THESE FIRST MEASUREMENTS WERE CCNCUCIED IN A 

SIMULATED FREE SPACE ENVIRONMENT WITH A DISTANT ILLUMINATION 

SOURCE. THE TWO ANTENNAS WERE WITHIN TENTHS CF A CB IN BOTH 

PLANESt AS CAN OE SEEN IN FIGURES 6 6 7, THE ACCURACY CF 

WHICH IS APPROACHING THE MEASUREMENT SYSTEMS STATISTICAL 

ERROR. SEVERAL RUNS WERE MACE AND SIMILIAR RESULTS WERE 

OBTAINED   EACH  TIME. 

C.      DEVELOPMENT  OF   THE   UNBALANCEC   HYBRID   CIPOLE 

NEARLY ALL DESIGNS ARE CEVELCPED BECAUSE OF AN 

UNDERLYING NEED. THE UNBALANCED HYBRIC CIPOLE WAS NO 

EXCEPTION; A PRESSING NEED WAS PRESENT IN THE PROBLEMS 

CREATED BY THE COAXIAL BALUN AND ATTACHMENT TO THE ANTENNA 

ELEMENTS. NARROW BANDWIDTH AND LARGE SIZE WERE ELIMINATED BY 

USE OF A TORIDIAL FEPRITE BALUN KWEVER, THE FERRITE CCRE 

WAS SO FRAGILE THAT IT SHATTERED IN LABCPATCRY TESTS. THIS 

STRUCTURAL   WEAKNESS   CCLLD  NEVER   EE  TCiLCRATEO   IN   ACTUAL   USE. 

THE FEASIBILITY CF USING AN UNBALANCEC FEEC SYSTEM WAS 

0UESTICNA8LE DUE TO ANTICIPATED CURRENT UNBALANCE. IT WAS 

FELT HOWEVER, THAT A SLIGHT DEGRADATION IN PERFORMANCE 

CAUSED BY THIS UNBALANCE COULD BE TCLEPATED IF A SIGNIFICANT 

IMPROVEMENT     WAS     MADE        IN     THE        FEED     SYSTEM        MECHANICAL 

18 



FIGURE  6 

AZIMUTH   RADIATION   PATTERNS  OF   THE 
REFERENCE   DIPOLE   L   BALANCED   HYBPIO   CIPCLE 

SUPERIMPOSED 
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FIGURE   7 

ELEVATION   RAOIATICK   PATTERNS   OF   TKE 
REFERENCE   DIPOLE   ö   BALANCED   HYBRID   DIPOLE 

SUPER IVPCSED 

20 



RELIABILITY. THE UNBALANCEC-FEED HYBRID OIPCLE WAS 

CONSTRUCTED AS SHOWN IN FIGURE 8. ANC IS SEEN TO BE 

MECHANICALLY SUPERIOR TC THE BALANCED CCNFIGURATICN. 

Spacer /Insulator 

Strain Relief Block 

Chassis Mount 
Coaxial Connector 

FIGURE   8 

THE   UhBALANCEC   l-YBRTO   DIPCLE 
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A        SCHEMATIC     PEPRESENTAT ICh       CF     THIS       ANTENNA     IS 

PRESENTED   IN  FIGUPE   9. 

Stub | ► 

/ 
Extended Shield 

&* 

Extended 
Center 
Conductor 

Coaxial 
Cable 

FIGLPE 9 

SCHEMATIC REPPESEMATICN CF LNBALANCEC HYBRID CIPCLE 
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IV. £Ä£IBIil£CiI^L_££mx:£*m 

FIRST   A   ONE  HALF   WAVELENGTh   P40IAT0R     WAS   ATTACFEO   TO   THE 

COAXIAL   FITTING   AND   THE   IMPEDANCE   MEASURED.      AN   IfFEDANCE   OF 

APPROXIMATELY   2000  OHMS     WAS   CBSERVED     AT   RESONANCE.      A  HIGH 

IMPEDANCE   WAS   EXPECTED   AS   THIS   ANTENNA     RESEI-ELES   AN   END-FED 

HALF   WAVE   RADIATCR,   WHICH      IS   A   VCLTAGE-FEO   ANTENNA.      NEXT   A 

1/4      WAVELENGTH     STUB        WAS      PLACED     CN     THE        ANTENNA     BASE 

APPROXIMATELY   2   INCHES     FROM   TFE   ONE     HALF  WAVE   SECTION     AND 

THE   IMPEDANCE   WAS   AGAIN   MEASURED.   THIS   TIME   A   RESONANT   INPUT 

IMPEDANCE   OF   30  OHMS   WAS   OBSERVED.   THE   PLACEMENT   CF   THE   STUB 

RESULTED     IN   LOWERING     CF   THE      ir^FOT   IWPECANCE,      A   CCNDITION 

WHICH   MUST   BE   MET   IF     A     PROPER     IMPEDANCE     MATCH      IS     TO   BE 

OBTAINED   FOR   DIRECT   FEEDING   WITH   50   OFM   CABLE. 

THE NEXT STEPS IN THE DEVELOPMENT WLR£ ATTACHING A 

THREE QUARTER WAVELENGTH ELEMENT TO THE COAXIAL FITTING AND 

PLACING THE ONE QUARTER WAVE STUB APPROXIMATELY 2 INCHES 

<0.02A LAMBDA) FROM THIS ELEMENT. THE INPUT IMPEDANCE WAS 

AGAIN MEASURED. A RESCNANT IMFECANCE CF 30 OHMS WAS OBSERVED 

AND THE RESONANT FREOLENCY WAS FCLND TC BE 1.4? BELCW THE 

ESTIMATED   FREQUENCY   TF   RESONANCE. 

THE     TEST   ANTENNA     HAD   BEEN     DESIGNED   SO     THAT   VARIOUS 

25 



SPACINGS OF THE ONE CUARTER WAVELENGTH STUß WERE AVAILABLE, 

THEREFORE, THE EFFECT OF SPACING BETWEEN THE TWO ELEMENTS, 

HOLDING OTHER PARAMENTERS CONSTANT, COULD BE TESTED. 

IF THE SECTION CF  THE AMENKA WHERE THE  TWC ELEMENTS 

ARE PARALLEL IS ACTING AS A TWC hIPE TRANSMISSION LINE, THEN 

THE  SPACING  BETWEEN  THE   ELEMENTS   WILL  CHANGE   THE 

CHARACTEPISTIC   IMPEDANCE  OF   THE  LINE,   AS  PREVIOUSLY 

DISCUSSED. ASSUMING THAT THIS TWC WIRE  TRANSMISSION LINE IS 

ACTING  AS  A  QUARTER  WAVE   TRANSFCRMEP,  THE  CHANGE  OF 

CHARACTERISTIC   IMPEDANCE    WILL    DUELY    CHANGE    THE 

TRANSFORMATICN. MOVING  THE  TVC  ELEMENTS  CLOSER  TOGETHER 

SHOULD LOWER  THE  CHARACTERISTIC  IMFECANCE  CF  THE  LINE, 

INCREASING THE AMOUNT CF TRANSFCRMATION ANC THEREBY LOWERING 

THE INPUT IMPEDANCE. INCREASED  SPACING WOULD RESULT IN  THE 

OPPOSITE EFFECT. THIS WAS  INDEEC FOUND TO BE THE  CASE, FOR 

WHEN THE INPUT IMPEDANCE WAS MEASURED  AT ONE INCH SPACING , 

(0.012  LAMBDA) THE  RESONANT IMPEDANCE  WAS 16  CHMS. USING 

THESE TWO OBSERVATIONS IT  SEEMEC  REASONABLE  THAT  IF  THE 

DISTANCE WAS INCREASED  TO FOUR INCHES, (C.050  L/SMEDA) THIS 

CONFIGURATION SHOULD EXHIBIT A  HIGHER  IMPEC4NCE  THAN  WAS 

OBSERVED AT THE TWO  INCH SPACING. AGAIN THE  PREDICTION KAS 

CORRECT AS A  RESONANT IMPEDANCE  OF 55  OHMS WAS  MEASURED. 

FIGURES 10 THROUGH  13  ARE  Tl-E  MEASURED  VALUES  OF THESE 

TESTS. FIGURE 14  IS  A  LINEAR  PLOT  OF  THE  RELATIONSHIP 
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FIGURE   10 

■mimm°:m. 
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FIGURE   11 

INPUT   IMPECANCE   OF   THF 
UNBAUNCEÖ   J-YÖRIO   CIPÜLE 

INCH  ELtKtNT   SPACING AT   2 
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FIGURE   12 

INPUT   iMPeCflNCE   OF   THF 
.UNbALANCEO   f-VaRIO  01 POLE 

INCH  ELEMENT   SPACING AT   3 
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FIGURE   13 

INPUT   IMPEDANCE   OF   THE 
UNBALANCED   hYBRID   DIPOLE 

AT   4   INCH   ELENENT   SPACING 

28 



BETWEEN RESISTANCE AND SPACING. 

ANCTHER NOTEWORTHY CHANGE  Wf-ICH  TCOK  PLACE  AS  THE 

QUARTER WAVELENGTH STUE SPACING  V4RIEC.  WAS  A  CCNTINIOUS 

DROP IN RESCNANT FRECUENCY AS THE SPACING INCREASED. A TOTAL 

DECREASE  OF  0.5«  OF  CALCULATED  RESCNANT  FPEOLENCY  WAS 

OBSERVED IN CHANGING FROM  ONE  INCH  TC  FOUR  INCHES. THIS 

OBSERVATION INDICATES THAT  AS  THE  SPACING  INCREASED  THE 

ELECTRICAL LENGTH OF  THE  ANTENNA  ALSC  INCREASED  CUE  TO 

MUTUAL  COUPLING EFFECTS  BETWEEN THE  MIN ELEMENT  AND THE 

QUARTER WAVE STUB. THE SPACING WAS NOT INCREASED BEYOND FOUR 

INCHES FOR AT  THIS DISTANCE. TFE  CURRENT ON THE  STUB MUST 

FLCW AN ADDITICMAL IB CEGREES WITH RESPECT TO CURRENT ON THE 

MAIN ELEMENT. THIS  ADDITIONAL  PHASE  SHIFT.  DEGRADES  THE 

CANCELLATION OF FIELDS ENCOMPASSING THE TWO  LINE SECTION OF 

THE ANTENNA AND IT  WAS PREDICTED THAT ANY  FURTHER INCREASE 

IN PHASE DIFFERENCE  WOULD BE  DETRIMENTAL TO  THE RADIATION 

PATTERN PROCUCED BY TFE ANTENNA. 

IT WAS ANTICIPATED THAT TFE ANTENNA COULD EASILY BE 

ADJUSTED TO PRESENT A GOOD LOAD IMPEDANCE SO THE EFFECTS OF 

A FINITE GROUND PLANE WERE INVESTIGATED. 

A.  EFFECT OF A FINITE GROUND FUNE ON THE 

UNBALANCED HYBRID CIFOLE 

IN AS MUCH AS FREE SPACE MEASUREMENTS  ARE ONLY GOOD FOR 
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THEORETICAL COMPARISONS, THE h»BfHD OIPCLE WAS BRCUGHT"OCWN 

TO EARTH". A FOUR BY EIGHT FOCT ALUMINll» SHEET GRCUNO PLANE 

WAS USED TO SIMULATE A VEHICULAR POOF. ITS MEASUREMENTS IN 

TERMS OF WAVELENGTHS ARE 0.5S BY 1.19 RESPECTIVELY, AND 

LARGER   THAh   MANY   VEHICLE   ROOFS. 

THE FIRST SERIES OF EXPERIMENTS WERE DCNE WITH THE 

SAME UNBALANCED HYBRID DIPOLE USED IN THE FREE SPACE TESTS. 

THE ANTENNA   WAS   MOUNTED   AS   SHCWN   IN  FIGURE   15. 

Strain 
Relief 
Block 

FIGURE 15 

THE UNBALANCED HYEPID DIPCLE MCUNTED CN GROUND PLANE 

INPUT IMPEDANCE MEASUREMENTS WERE MACE ANC CHANGES 

FROM THE FREE SPACE VALUES NOTEC. FIRST THE INPUT IMPEDANCE 

INCREASED  SLIGHTLY IN  ALL CASES.  THE MCST  MARKED CHANGES 
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OCCURED AT THE THREE AND FOUR 

MITH THE STUB SET  AT  ThE  THREE  INCH  SPACING,  THE 

EFFECT  CF  LENGTHENING   AND   SHCRTENIMG   THE   STUB  WAS 

INVESTIGATED. THIS WAS EASILY  ACCOMPLISHED BY CHANGING  THE 

AMOUNT  THE  STUB   WAS  SCREWEC  INTC  ThE   6BCLK0  FLAKE. 

LENGTHENING THE STUB BY  ONE EIGI-Th  OF AN  INCH «0.00155  ) 

INCREASED THE IMPEDANCE  AT RESCNAKCE BY 5  CHMSCSEE FIGURES 

16,17). APPLYING TwC-WIPE TRANSHISSION  LINE  THEORY  IN  AN 

ATTEMPT TO PROVIDE A THEORETICAL  EXPLANATION OF THIS CHANGE 

RESULTED IN  PRECICTEC  CHANGES  CF  ONLY  O.025  CHMS.  THE 

CONCLUSION PEACHED FPCN  THIS  CESEPVATICN  WAS  THAT  CRCSS 

COUPLING *N0 MUTUAL  IMPEDANCE EFFECTS  PREDOMINATE IN  THIS 

INSTANCE, SINCE THE NEAP  FIELCS ARE STRCNG ANO  NCT TOTALLY 

CANCELLED. THUS, SMALL CHANGES IN THE ANTEIWA PARAMETERS CAN 

RESULT IN CONSIDERABLE IMPEDANCE VARIANCES. THIS OBSERVATION 

IN CONJUNCTION WITH THE  PREVICUS BEHAVIOR EXHIBITED BY  THE 

ANTENNA AS THE  SPACING  OF  THE  ELEMENTS  VARIEC  STRONGLY 

INDICATES THAT THE  TWO  ELEMENTS  ARE  NCT  BEHAVING  AS  A 

TWO-WIRE TRANSMISSION LINE. 

FOLLOWING THIS SERIES OF MEASUREMENTS, THE ANTENNA WAS 

RAISED TO SIX AMD TWELVE INCHES ABOVE THE GROUND PLANE. THE 

INPUT IMPEDANCE WAS MEASURED AT BOTH HEIGHTS. A NOTICEABLE 

DECREASE IN INPUT IMPEDANCE WAS APPARENT. FIGURE 18 SHOWS 

IMPEDANCE FOR THREE INCH  ELEMENT  SPACING,  ON  THE  GROUND 
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FIGURE   16 

INPUT   IMPFOANCE   OF   THE 
UNBALANCED   l-YESID   OIPOLc 

AT   3   INCH   F.LcNENT   SPACING 
STUB   LENGTH   NORMAL 
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FIGURE   17 

INPUT   IMPEDANCE   CF   THE 
UNBALANCED   HYBRID   DIPCLE 

AT   3   INCH   ELEVENT   SPACING 
STUB   LENGTHENED   1/8   INCH 
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PLANE   ,   SIX   INCHES      (0.07   I   AKC J^ELVE   INCHES      (0.14   )   ABCVE 

THE  GRGUNO  PLANE.   AT     SIX     ANC      *T    TKELVE      INCHES     AN   INPUT 

IMPEDANCE  PF  35     OHMS   WAS     MEASURED.   THE     DIFFERENCE   IN     THE 

IMPEDANCE     CURVES     AT     SIX     ANC     TWELVE      INCHES      APE     BARELY 

DISTINGUISHABLE.   INCREASING     THE     ELEMENT     SPACING     TO     FOUR 

INCHES   INCREASED  THE   IMPEDANCE   TC  40  CHMS  AND   DECREASING  THE 

SPACING   TO   ONE   INCH      LOWERED   THE   IMPEDANCE   TC   17     CHMS.   THIS 

SAME   TREND   IN   IMPEDANCE   CHANGE   WAS   OBSERVED   WHEN   THE  ANTENNA 

WAS   MEASURED   IN   SIMULATED     FREE   SPACE   ANC  ON   TFE      SURFACE  OF 

THE   GROUND   PLANE. 

THE SAME MEASUREMENTS AS ABOVE WERE TAKEN WITH THE 

ANTENNA MOUNTED OFF-CENTER (UNSYMMETR KALI ON ThE GROUND 

PLANE. THIS UNSYMMETRICAL PLACEMENT OF THE ANTENNA IN 

RESPECT T3 THE RECTANGULAR GRCLND PL*NE, PRCCUCEO NtGLIBLE 

IMPEDANCES DIFFERENCES. THIS ANC THE PREVIOUS GESERVATICNS 

INDICATE THAT THE UNBALANCED FVERID CIRCLE IS NOT GREATLY 

EFFECTED IN TERMS OF IMPEDANCE. BY TFE PROXIMITY CF THE 

GROUND   PLANE. 

B.      ANTENNA   PATTERNS 

RADIATICN PATTERNS WERE RUN TO DETERMINE .THE EFFECT OF 

THE GROUND PLANE ON THE PREVICLSLY OBSERVED SIMULATEC FREE 

SPACE MEASUREMENTS. THE UNBALANCED ANTENNA WAS MCUNTED 

DIRECTLY   ON   THE   GROUND   PLANE   AI^C   RADIATION   PATTERNS   TAKEN   IN 
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2) 

FIGURE   18 

A   iwrLcJ0
A^^LE:    l'    Cr>   GROUND   PLANE 6   INCHES   ABOVE   U.P.   3)    12   INCHES  ABO VE   G.P. 
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BOTH AZIMUTH AND ELEVATION . APPLYING RECIPRCCITY THE 

RECEIVE CHARACTERISTICS WERE PECCRCED WHILE USIMG A DISTANT 

ILLUMINATOR AS A SOURCE. 

THE AZIMUTH  PATTERN  DISPLAYED  BY  THE  ANTENNA  WAS 

CONSIDERABLELY DEGRADED IN RESPECT TO THE CIRCULAR ELEVATION 

PATTERN RECORDED IN FREE SPACE. A 4  CB NLLL WAS CESERVED AS 

THE MAIN RADIATOR FACEC  THE ILLUMINATCR.  THERE WERE  OTHER 

PATTERN OISTCRTIGNS BUT  NONE AS MARKED  AS IN THIS  ASPECT. 

«SEE FIGURE 19 ß  20). THE ELEVATION PATTERN NC  LCNGEP EVEN 

RESEMBLED THAT OF ' THE DIPOLE  BIT WAS  REDUCED IN  GAIN AND 

DISTORTED. WHILE THE VAIN LOBE WAS ONLY 0.5 CE OCWN FRCM THE 

REFERENCE DIPCLE THE REST  OF TM PATTERN FELL FAP  SHCRT OF 

EVEN APPROACHING THE CIRCLE. RACIATION DIRECTLY  CFF THE END 

OF THE ANTENNA WAS  - 20 DB FRC^ THE MAIN  LOBE. (SEE FIGURE 

21). 

WHEN THE ANTENNA WAS RAISED SIX INCHES AECVE THE 

GROUND PLANE THE PERFORMANCE INFROVEC CONSICERAELY. THE 

LARGEST NULL IN THE AZIMUTH PATTERN WAS -1.5 CB FRCM THE 

REFERENCE ANTENNA. LCEING WAS NCTEO WHICH CCRRESPCNDED TO 

THE SHAPE CF THE GRCUND PLANE. (SEE FIGURE 22). AS CAN BE 

PLAINLY SEEN IN THIS FIGURE THE GROUND PLANE IS CAUSING 

DETERIORATION IN THE RADIATICN PATTERN. NCTE ALSO THAT 

RADIATION IS STRONGER OFF THE SICES OF THE GRCLNO PLANE 

WHERE THERE IS Lt^.QBnum^EL&h^lQ^DgQE^i   THE  ANTENNAS 
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FIGURE   19 

AZIMUTH   RADIATICN   PATTERN   CF   THE 
UNBALANCED   HYBRID   DIPOLE   IN   FREE   SPACE 
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FIGURE 20 

AZIMUTH RADIATICN PATTERN OF 
UNBALANCED l-VB^ID DIPCLE 
MOUNTED ON GPCUND PLANE 

THE 
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FIGURE   21 

ELEVA.T1i^. ^APir
ATICN   PATTERN   OF   THE 

UNBALANCcD   t-VBfUD   OIPCLE 
MOUNTEO  ON   GRCUND   PLANE 
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FIGURE   22 

AZIMUTH  RADI&TICN   PATTERN   CF   THE 
UNEALANCEO   HYBRID   DIPOLE 

6   INCHES   ABOVE   GRCUND   PLANE 
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PERFORMANCE. THE AZIMUTH RADIA7ICN PATTERN HCUEVERt WAS MUCH 

IMPROVED AND RESEMBLEC THE REFEFENCE DIPCLE CNCE AGAIN. THE 

MAJOR LCEE IN THIS PLANE MAS APPRCXIMATELY 10 DEGREES ABOVE 

THE HORIZON. (SEE FIGURE 23). ThE RESULTS AT THE TWELVE INCH 

HEIGHT WERE WITHIN EXPERIMENTAL LIMITS OF BEING IDENTICAL TO 

THOSE OBTAINED AT SIX INCHES. THIS SIMILARITY WAS ALSC NOTED 

IN THE IMPEDANCE MEASUREMENTS. 

AZIMUTH AND ELEVATION  RADIATION  PATTERNS  WERE  NEXT 

TAKEN WITH THE ANTENNA ASSYMETRICALLY MOUNTED  CN THE GROUND 

PLANE. ELEVATION PATTERNS  WERE RECORDED FROM BCTF  SIDES OF 

THE GRCUND PLANE TO  EXAMINE THE EFFECT OF LOCKING  ACROSS A 

LONG DISTANCE OF METAL AS OPPCSED TO A SHCRT PIECE. WHEN THE 

ANTENNA LOOKED ACROSS THE LONG SIDE OF THE GRCUND PLANE, THE 

ELEVATION  PATTERN  WAS   SMOCTH  BUT  SHCWED   CCNSIOEPAELE 

RADIATICN AT HIGH ELEVATION ANGLES. WHEN THE ILLUMINATOR WAS 

VIEWED ACROSS THE SHORT SIDE CF THE GROUND PLANE TFE PATTERN 

WAS NOT AS SMOOTH AND ITS GAIN  CROPPED CFF RAPIDLY FROM THE 

MAIN LOBE VALUE. IT  ALSO  EXHIBITED  LESS  GAIN  THAN  WHEN 

VIEWED FPCM THE LONG SICE. THE A2IMUTHAL PATTERN HAD SEVERAL 

LOBES,  AND THE  GAIN ONLY  REACHED UNITY  IN ONE  15 DEGREE 

SECTOR. RAISING THE ANTENNA  ABCVE THE C-RCUND PLANE  AT THIS 

OFFSET LOCATION INCREASED  THE ANTENNAS  GAIN IN  RESPECT TO 

THE ELEVATICN PATTERN, BUT DID NCT  SIGNIFICANTLY CHANGE THE 

RESULTS IN AZIMUTH RACIATION. THE  DECOUPLING OF THE ANTENNA 
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FIGURE 23 

ELEVATION RADIATICN PATTERN CF THE 
UNBALANCED »-YBRID DIPOLE 

6 iNCHES ABOVE GkDUNO PLANE 
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FROM THE GROUND PLANE INCREASED THE ANTENNAS EFFECTIVENESS, 

HOWEVER. THE PERFORMANCE WAS CEGRADEO I* RESPECT TC THE 

SYMMETPICALLY MOUNTED CASE. THIS WOULD INDICATE THAT, 

DEPENDING CN LOCATICN, THE CLROEMTS FLCWING CN A SMALL 

GROUND PLANE COULD BE USED TC ADVANTAGE, IF THE CCRRECT 

PHASE RELATICNSHIPS ^EPE ESTABLISHED. 

AS A MATTER OF INTEREST, A BALANCED VERSION OF THE 

HYBRID DIPOLE WAS MOUNTED ON THE CENTER OF THE GRCLNO PLANE. 

THE RADIATION PATTERNS WERE NEARLY IDENTICAL IN BCTH AZIMUTH 

AND ELEVATICN TQ THOSE OBTAINED WHEN THE UNBALANCED HYBRID 

DIPOLE WAS MOUNTED IN THE CEMEP CF THE GROUND PLANE. (SEE 

FIGURES 24,25) 
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FIGURE   24 

AZIMUTH   RADIATICN   PATTEPN   CF   THE 
ÖALANCfcÜ   HYEBID   OIPrLe 

MOUNTED  OM   GPCLNO  PLANE 
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FIGURE   25 

BALANCED   HYBRID  DIPCL= HE 

ON   GRCUND  PLANE MOUMTED 
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FROM THE EXPERIMENTAL  RESULTS  IT  IS  OBVIOUS  THAT THE 

HYBRID DIPOLE EQUALS THE PERFCRMNCE OF  A HALF-WAVE DIPOLE. 

THE MATCHING SECTION CF THE UNBALANCED  HYBRID CIPCLE IS NOT 

A TKO-WIRE LINE  QUARTER-WAVE  TRANSFORMEP,  BUT  RATHER THE 

STUB FUNCTIONS AS A  PARASITIC  ELEMENT  WHICH  CANCELS  THE 

UNDESIPED RADIATION. WHILE MAIMAINING THE  IMPEDANCE CF THE 

ANTENNA. THIS  IS  SUPPGRTED  BY  THE  FACT  THAT  BY  USING 

TRANSFCRMER THEORY THE  IMPEDANCE SHOULD FAVE VARIED  OVER A 

WIDER RANGE OF VALUES,  THE LENGTH  OF THE  STUB SHDLLD  NOT 

HAVF HAD NEARLY THE EFFECT OBSERVED, AND THE CBVICLS CAROIOD 

PATTERN  OF  THE  GROUND  PLANE  MOUNTED  UNBALANCED  HYBRID 

DIPOLE,(REFER TO FIGURE  19» UHICH INDICATES THE  STUB AIDED 

BY THE GROUND PLANE IS ACTING AS A DIRECTCR. 

IT IS ALSO EVIDENT THAT TFE GROUND PLANE DEGRADES THE 

PERFORMANCE CF THE ANTENNA, ESPECIALLY WHEN THE ANTENNA IS 

PLACED DIRECTLY ON THE GROUND PLANE, HCMEVER, THIS CAN BE 

MINIMIZED EY RAISING THE ANTENNA A FEW INCHES ABCVETHE 

GROUND PLANE. THE AZIMUTH RADIATION PATTERNS CCNSISTANTLY 

SHOW STRONGER RADIATION ORTHCGCNAL TC THE GRCUND PLANE 

ORIENTATION. THIS IS  THE REVERSE CF  WHAT ONE WOULD  EXPECT 
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FROM ANTENNA FOLKLORE,  "THE  EICGER  THE  GRCUNC  PLANE THE 

BETTER THE PERFORMANCE".  HOWEVEF. THE  CLRRENTS FLChlKG  ON 

THE GROUND PLANE  ACTUALLY CANCEL  EACH OTHER  TO A  GREATER 

EXTENT OVER THE LONGER  SPAN CF METAL SURFACE.  RESULTING IN 

REDUCED ANTENNA PERFORMANCE ALCr.G THE LCNC  CIMENSICN CF THE 

GROUND PLANE, THE  POINT AT WHICh  THIS WILL NC  LCNGER HOLD 

TRUE IS  WHEN  CURRENT  FLOW  IS  UNIDIRECTIONAL.  THAT  IS. 

MINIMAL REFLECTED CURRENT IS BEING RETURNED FROM ThE EDGE OF 

THE GROUND PLANE. WHEN  THIS  PCINT  IS  REACHED  THE GROUND 

PLANE WILL /»PPR04CH TFE  PERFORM/NCE CF  AN INFINITE  GROUND 

PLANE FOR THAT  FREQUEMCY (ANC HIGHER FRECUENCIES)  AT WHICH 

THE MEASUREMENTS ARE BEING TAKEN. 

THE  BALANCED  FED   HYEFIC   OIPCLE   ALSC   PRODUCES 

PERFORMANCE EQUAL TO THAT OF  A 1/2 WAVE DIPOLE, IN  FACT IN 

SEVERAL  FREE  SPACE  TESTS  TFE   RADIATION  PATTERNS  WERE 

COINCIDENT. THIS PERFORMANCE  IS 0.3 TO  0.5 CB BETTER  THAN 

THE  UNBALANCED  HYBRID   DIPOLE,  WHICH  CONSISTANTLY   HAD 

SLIGHTLY  LESS  GAIN  TFAN  THE  REFERENCE  DIPCLE.  VARIOUS 

BALANCED  ANTENNAS HAVE  BEEN CCNSTRUCTEC  FCR USE  CVER THE 

FREQUENCY RANGE OF 28  TO 450 »-HZ. ALL HAVE  GIVEN EXCELLENT 

PERFORMANCE. BOTH ON THE ANTENNA RANGE AND IN FIELD USE. THE 

SLIGHTLY GREATER PERFCRMANCE  CF  THIS  ANTENNA  IS PROBABLY 

BECAUSE CURRENTS FLOWING ON THE MTCHING  SECTION ARE BETTER 

PHASED AND OF EQUAL MAGNITUDE. THE  MATCHING SECTICN OF THIS 
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ANTENNA IS MUCH CLOSER TO BEING A TUO WIPE-L^E ClARTEP 

WAVELENGTH TRANSFORMER THAN THE LNBALANCEC VERSION. IN FACT, 

THE SECTION GF THE ANTENNA FRCM THE SFCPTING PLANE TO THE 

FEED PCINT IS A PARALLEL WIRE-LINE. THE BETTER BALANCE AND 

PHASING RESULT IN MORE NEARLY PERFECT FIELD CANCELLATION AND 

A SLIGFTLY HIGHER PERFORMANCE. 

EXPERIMENTAL RECCMMENöATICNS ARE TH^T A CURRENT PROBE 

BE CONSTRUCTED AND THE MAGNITICE AND PHASE RELATICNSHIPS OF 

CURRENT ON THE ELEMENTS OF THE HYBRID DIPOLE BE MEASURED. 

FOLLOWING THIS INVESTIGATION A GRCUND PLANE SIMULATING A 

SHIPS HULL AND SUPERSTRUCTURE WCULD GIVE RESULTS UHICH ARE 

MORE MEANINGFUL FOR NAVAL APPLICATIONS CF THE HYBRID DIPOLE. 

ALSO OF INTEREST IS TFE EFFECTS CF CURVED GROUND PLANES AND 

OTHER SHAPES SIMULATING DIFFERENT VEHICLE RCCFS. 

THEORETICAL INSIGHT CAN FURTHER BE CEVELCPED BY 

APPLYING WIRE ANTENNA THEORY TC THE HYBRID DIPCLE. IF CNE OF 

THE MANY AVAILABLE ANTENNA NLMERICAL MODELING COMPUTER 

PROGRAMS WERE ADAPTEC TO HANDLE THIS GECMETRY, MANY 

CONFIGURATIONS COULC BE TRIED BEFORE EXPERIMENTAL 

VERIFICATION. 
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A.  THE BALANCED HYBRIC 

FOR  VHF  AND UhF  FREQUENCIES   THE  ANTENNA  IS  SELF 

SUPPORTlNGt AND RELATIVELY EASY TO CONSTBLCT. 

THE FIRST POINT TO CONSIDER THEREFCPE IS THE SHCRTING 

PLATE, WHICH SERVES TC SUPPORT THE ELEMENTS, AS HELL AS, 

PROVIDE A ZERO AC IMPEDANCE TC RF ENERGY FLChING BETWEEN THE 

ANTENNA ELEMENTS. THE WIDTH CF THIS PLATE SKCULC BE ABOUT 

0.05 TO 0.15 WAVELENC-TFS. SINCE THIS PLATE IS A ZERO 

POTENTIAL PCINT, NO INSULATORS APE NECESSARY WHEN KCUNTING. 

NEXT THE SPACING BETWEEN THE ELEMENTS IS CALCULATED BY 

THE RATIO B/A, WHERE B= THE RADIUS AND A= THE DISTANCE 

BETWEEN THE ELEMENTS. B AND A MLST BE EXFRESSEC IN THE SAME 

UNITS. A VALUE OF 16 HAS BEEN FCLND A SATISFACTORY VALUE FOR 

THIS RATIO. 

THE LENGTH OF THE LONG ELEMENT IS APPROXIMATELY ECUAL 

TO 0.71 LAMBDA AND THE SHORTER ELEMENT LENGTH APPROXIMATELY 

ECUALS 0.24 LAMBDA. 

THE ANTENNA DESCRIBED ABOVE AND SHCfcN  IN FIGURE 25 IS 
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DESIGNED TO BE FED WITH A 200 CHM BALANCED LINE, WHICH IS 

EASILY CCNSTRUCTED FRC* AN ELECTRICAL 1/2 WAVELENGTH OF 50 

OHM COAXIAL CABLE. TC MATCH THE ANTENNA TO THE FEEDLINE 

SLIDE THE FEEDPCINTS UNTIL A LCW SWR IS OBTAINED. FINAL 

FEEDPQINT LOCATION SHOULD BE BETWEEN 0.C24 AND 0.C48 

WAVELENGTHS   FROM   THE   SHORTING   PLATE. 
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Figure   26 

BALANCED HYBRID DIPOLE 
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B.     THE   UNBALANCED     hYBRIO 

THIS     «NTENN*    lEN0S     .TSELF     TO     VHF       ANO     LHF     MOBILE 

"PiIC*TI0N.   4ND  TEST    ÄNT£NN4$     CCNSTRUTeo    ^     IM   INCH 

STAINLESS   STEEL   RODS  Hi«  PROVEN   VIRTUALLY  IKCESmxTAELE. 

THE BASE OF THE ANTENNA ACCEPTS THE CCAXIAL CHASSIS 

HOUO CONNECTOR. AND THE SANE HCUNTINC SCRE.S WHICH ATTACH 

THE CONNECTOR   ALSO SECCRE  THE  STRAIN  RELIEVER. 

IN THIS MOOE OF CPERATICN THE HIOTH CF THE ANTENNA 

"SE IS NOT CRITICAL. IT MUST CF COURSE BE WI0E EN0UGHTC 

PROPERLY  MOUNT   THE  CONNECTOR. 

ELEMENT  SPAC.NG   IS  OETER.INEC  BY   WAVELENGTH.   AND,   FROM 

EXPERIMENTAL     OATA.     SHOULO     BE     SETNEEN       0.025     AND    0.031 

NAVELENGTHS.   THIS   MA.NT.INS   THE   PHASE   RELATICNSH.P  NECESSARY 

fOR CANCELLATION  OF  UNWANTED     RACIATICN     „HUE    KEEPING     THE 

IMPEDANCE   CLOSE   TO   50  CHHS. 

ELEMENT  LENGTH  HAS  PROVEN   TO     BE   APPROXIMATELY  C.T  AND 

0.23     WAVELENGTHS     FOP       THE       LONG       AND       SHORT       ELEMENTS 

«SPECTIVELY.     THESE       LENGTHS       HAVE        BEEN       CERIVEC       FDR 

INSTALLATIONS   IN   WHICH  THE  ANTENNA   IS   TO     BE   PGUNTEO   ABOVE   A 

VEHICLE   POCF. 

EXTRA   STRENGTH   MAY  BE   OPTA.NED   BY   PLACING  A   STRONG   ROD 

H*DE   OF   INSULAT.NG     MATERIAL   BETWEEN     THE   ELEMENTS.     THROUGH 

53 



THE INSULATING SPACERS AND SECtRING IT IN THE ANTENNA BASE. 

THIS INCREASES THE CCMPLEXITY CF THE ANTENNA BUT WITH 

FLEXIBLE   ELEMENTS   MAY   PROVE   INVALUABLE. 
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Radiating Element 

Stub r^ 

Strain Relief 
Block 

Tapped Hole for Standard 
Antenna Base Mount 

Chassis Mount Coaxial 
Connector 

Figure   27 

CONSTRUCTION DETAILS UNBALANCED 
HYBRID DIPOLE. 
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