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| ABSTRAGT

Th:.s thesis is a stuéy @f a 1@g pem@dl@ an’sezma @f‘ the freqaen@y N
range’ 9 two. t@ elgh:t KI\H@/ So Th@ @‘bject of the thesis was t@ devel@p a |
satisfact@‘ry fe@d f@f th@ ant@xma fmm an 1mpedance stanép@into Two
types of feed were- wrieds ;g”; e s L
The first me was. @@aﬁtial, cable @@ﬁne}éﬁed directly o t_hef _‘

.antenna?o' Since tests showed a léfgé"impedan@@ mismat@ka betﬁv@éﬁ the

@abl@ and the @ntennag 1‘@ was @@ncluded that c@ax:.al @abl@ al@ne 18 !

rmt a satlsfac‘@@ry f’eed@ Whﬂe testing the c@a}:ial cable feeeis 9 hmvw .' |
everg 1'b was f@xmd that the inmput 1mpedamee @f the antenna varled per=
| 'mdically W:L‘bh the 1@w ef the frequen@yo |

The second type @f feed was a balun’ ‘transf@rmerg ‘i’es%s of thé
@mglnal antenna fed With the belun . transf@rmer displayed VS‘&‘?R,g as
f@ll@ws, Fr®m 8,0 dawn t@ 6.6 KM@/SQ the VSWR. remaimed belew 2613
} betmr@en 6@ and .h.@l KM@/SQ the VSWR was lass 'hhan 305"1 5 below b |

_‘KM@/S s ‘the impsdance mateh d@t@r,.,@mted en-twelye Iy m@dlfl@a‘tlon

@f the antenna was devel@peé. Whl@h extended th@ useful fr@qu@n@y rang@ . o

fr@m hol d@m o 207 KM@/ 8o VS@ER a’@ fmq&zem@ies above hel KM@/S re=

main@d essentmally un@hang@de
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© CHAPTER 1
_Immowc'rmm‘ -
The l@g parledi@ @@ﬁ@@pt of amtenna design Was dlsccwered

‘recently by R@ H@ DnHamel and hls aSS@ciatesol The @@ncspt has drawn

cen51derable 1nterest due t@ 1%3 p@tentlal t@ preduce antennas w1th

am@pm@nany 1arg@ bandmdthse A bandw:,d‘th of 1051 is madlly

achieved w1th log perlodlc an’eennas9 whlle unlimitea bandw1dth is

‘the@retmcally p@SSlbl@ag The l@g perlodlc d351gn deserlbed by DuHamel;”> 

. @@mbines hiq log periedic @@ncept w1th anoth@r cencapt of. antanna dew

-,sign devel@ped by RumseyOB 'Thls @@ncept is that the chara@teristi@s

"-:‘ef antennas dsscribed cempletely'by angles are 1ndepandent of fr@quenm

Yo _If infinite antennas dsserlbed;emtlrely by anglesywer@ posgsible,
::thgy¥&®ﬁié:b§ fregueneyQindéygndént;‘.wae§er§'in‘géner§lg éhd effects ;4
.‘limiﬁ“ﬁhe uséfﬁlﬁeéS‘of‘this @@neéﬁtnalanee An excellent exammle ia .
the ¢1n1t39 bl@@nlcal antennap the bandwidth of Whl@h is llmited by

-.‘reflectlons from the ends of the cenasm It is the addltlon of 1@g

o periodic varlatlansnal@ng_agflmlteﬁ angular antenna thatgellmlnates

L Gonve Rﬁcmg ‘part 19 pp@ lleQIB

the end effects within'thé passeband. Hence, ‘the addition of log

1R0Ho DaHamel and DeEe Isbellg "Broadband Legarlthmlcally

- Periodie. Antenna Structuresgﬂ 1957 IRE Nato C@nvs Recog part 1, ppo
: 119‘”‘1283 . BN .

S ZRQHO DuHam@l and.FoR@ Oreg "L@garmthmically Periodiec Antenna
Designs9" 1958 IRE Nato Convo Reeo, part 1. ppo 139a1513

BVeHe Rumsey9 "Frequen@y Independent Antennas@“ 1957 IRE Nate



' pefiodic variations t@ the angular desigglallaws‘pra@ticalgAbroad~ﬁ

‘banded antennas t@ be deval@pedm

) ThlS tn331s 1nvm1veo a l@g perlodlc antenna of . the tvapa201dalj ;l;‘”iff

| 5‘t®oth varlety w1th a 15.m®hm input 1mn@dan@e and a h 1 bandwmdﬁh over -

‘,lfrequen@1es from 2 to 8 KNc/s@ The design of this an@emnazls the same;.ﬁ_3 ff3

as. an anteﬁnaLdeveleped for the frequéney'fangeg'agéjt@‘6 KM@Ys'ayfi
Duliamel aﬁd Orééhﬁ Héweverg the antenna-studied hére'is 5@a1ed‘bo;higher_
’ frequenciés than DuHamsi and Ore?? or any @%hef log peri@dic antenné'rew‘
p@fted in ﬁhe.pasto, The hlvher the frequencyg the smaller the antennagu
and‘W1th decreasing 51289 the antenna bec@mes ln@reasingky diffleult t0o
feedg | o ) h
Both the radlatlan pathurn and the input lmpedance are e senm :

 \31a1ly constant @ver the antennaﬂs frequeney rangem» The feed to tha

o antenna must pr@v1da a @onstant impedance matah to tne input impedanca

over the antennaﬂs entire frequency rangea Twe meth@ds of . feedlng log
perlodlc antennas have al%eady been developede

| One methoed. of feedlng is by a direetlyrconnectedg coaxial -
f@abﬁees ThlS type of feed has be@n used successfully on’ antennas f@r
vfreqnencles in er bel®W the UHF rangeo_'ln genera19 the input’ impedance'
» 'mabch has nOu been @1 maj@r c@ncarn9 qnd 1mpedanc@ mivmatches af 2 1 or 5; 

3,1 have been cmnuldered acuepﬁaﬁle f@f tes+ pnrp@sesa

Th@ secand meth@d @L feedlng is thp use @1 a balun tranof@rmer@ :[ T

hRQHo BuHamel and. FoRe Oreg,"Log Pefl@&lﬁ Feeds f@? Lens and '
Reflectors," 1959 IRE Nato Gonvo R@@og part I, ppo 128m&3?e -

. SFQR@ Beaig'wﬁn Investlgatmon of a Lav Periodic Antenna. ,
_Strucbureg" Master“s Degree thesis, Univa of Arlzanag 19609 po 13.



.1 3

' VAH ant@nna f@r fr@qu@n@ies abwve UHF 18 8 relativ&ly Small devi@@ since .

it is S@aled t@ a fracti@n of th@ wav&length invﬁlvedo Feeding thls

hlghsrsfr@quen@y antenna generally ?equires a more S@phlstlaated method
‘ than a dlre@ﬁly eonne@teag C@ax1al @abl@o Standardg c@axial cable 1@
‘comparable in. size to the antemna dimen51@nse When the cable is led
@ver the antenna platess it ean J@ln in - mntual effectS‘w1th the antennag
: dlst@r%ing the radlation pattern and input 1mpedance over the whele of

vparts @f “the frequency rangeo & balum transf@rmsr mas used success=

1fu11y by DuHameI and Qre in feeding a 1®g p@?l@di@ antenna at fr@quena_‘“”"

es up t@ 6 KM@/%° In addltlan t@ advantage@ dlseuﬁsed.later9 @n@
 r'@L@ar advantag@ @f the balun transf®rmer is that it pr@v1des an 1mped=
g ance match between the antenna and the source or: feed.llnee

ThlS thesis is directed taward deve1©ping a satlsfa@tory feed

- t@ the th@a8=KM©/sg leg per1®dic antenna fr@m an impedance standpointo.'"

The ‘methods tested@f@r feedlng the antenna are the f@ll@%lngp direcﬁky‘
by a @@ax1a1 calble and by a 50= t@ 150-chm T@heby@heff tapered balun L
';transfermere, The tran&f@rmer praaects a tW@m@@nda@L@r transml@si@n 11né_"
%o th@ ant@nnao Ea@h meth@d is evaluated f@r its relatlve m@rlts and
_i*ls @@mpared t@ publlshed results of tests up®n a l@verafrequen@yg 1@g

~”peri®dlc amtenna@,'

. éReHe DuHamel and FGR@ @reg WL@g Peri@éi@ Feed.for Lens and
Reflect@359W leco c1t09 Po 136@ o ,



GHAPTER 2

‘ DEFINITION,_DESIGN AND OONSTRUGTION QF THE LOG PBRIODIC ANTENNA

241 D°finition
A log per:x.odlc antenna 1s ari antenna wh@se elactrlca,. pr@pertles
: repeat W1th the 1@war1thm of the frequency@ The ratio of two adJacent |
frequen01e59 fl and fzg at whlch the antenna exhlblts the same eleetrlﬁ -
cal . prepertlesg is Ty a design facter of the antenna plates (Flgo 2s1) .
| | AR 'fl TR IR | '
To=g }(fl‘<;'f2) R (24‘»1)‘ ‘J

' A concise deflnltlon of a. l@g perlodlclantenna is available “

.:through transformatlﬁn 1n ﬁhe real planeg W, w1th-eeord1nates, r and
. C 2 :

| ¢9 tc a 1ogar1thmic pLaneg Zs with céé:diﬂateég,x‘and;yo Where % and.
| W are b@tn complexs;‘ ;f . ' | :
2=1nW . (2.2)
Tl?-envg“Wh?i‘e e T Wer o, - (203
_,and ;Z o ;”t;ﬂ : L ﬁ’Z‘#zx_&tjyg (2¢h}?:f
it s teus that “i' x =inr R o (2@55
md o we=de (2.6)

. The "bcw tieM antenna transforms into herizontal strips in the‘
prlane (nlga 2 2&)9 To reduce end eFfects of such an antenna9 perm

iodic variations are formed 1n'the Zmplane strips¢ These variatlons

i['.ZRQ,,HO, DuHameiyéné.beEé ISbelﬁ-loee cite
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W-PLANE Z-PLANE

Fig. 2.2a—"BOW TIE" ANTENNA

Z-PLANE W-PLANE

Fig.2 .2b_LOG PERIODIC Fig.2.2 C— LoG PERIODIC
"Bow TIE" ANTENNA "BOW TIE" ANTENNA



o log p@ri@aic varlatl@ns} on the ”b@W tl@“ antennao

7 ':

are transf@rmed back 1nt@ the Wéﬁlane t@ pr@duce log pericdlc teeth (@r';t'

8,9 Mamy types @f |

?hl@g permadz@ antennas are @@n@@zvaﬁl@e H@W@verg f@r th@ amt@nna

studled 1n $his thes;s@ th@ perl@dle varlatlens are sqaar@ 1nd@nﬁat1@ns_h}_ B

'alternaﬁzng b@tween.the t@p and b@tﬁ@m @f the strlps in th@ Z=plane |

'(Flge Qozb)@ B@th the spa@ing and the‘width @f,thevlﬁd@ntati@ns are if?j?f ;'5;

| @qaal %0 thgf@@ngﬁaﬁ%g' _
T ‘ ’ inT

Xg—===-§=-ms o ‘ (29?}
' The depth @f ea@h 1ndentat1®n 18 | ‘
. Y ﬁ U . : (208)

: ‘Th@ how %1@” 1®g p@?i@dl@ antennalwhiQh is bransf®rmed fr@m th@
prlan@ 1n Figure 292b9 ig shown in Flgure ZQZGQV It has teeth @f

‘ @@nstant radiic These te@thg hgweverg can be appr@x1mated safisfa@w .;f
.t@rlly by trapaZ®1dal t@@thel' SR

The unlplaneg trapaZGiéal amtenna radlates a bldirs@tlenal

patterno By f@ldlng the antenna about its: a=axi$3 its pattern is made €V53v~

: 8A pair @f Zmplane stflps in@lined.frem th@ X~8XiS transf®rm ",
» 1nt@ 20 equiangular. splrala Nermally, leg. periedic variablons are not

o meeded sinee end effects in the equiangular gpiral are nat appreciabl@e'

: , 9The ‘teeth fa@llltate energy radiation thereby attenuatlng the

- standing wave of @urrent at the antenns’ input caused by reflections from
. the end ef the antennao Thus, the teeih help eliminate end effects.. .

Bach tooth is resonant over its own part ‘of the antenna’s bandwidbtho - A%

its resonant fr@quen@yg the currents en any parti@mldr tooth are larger

_. ‘thar the eurrents en. nelghberlng teeth. - As the frequency inereases or
deereases frem. resonance, thé current decreases rapidly. - See RoL. Bell

and CoTs Elfring, "Near-Field Measurements on a Logarithmically Periedie 7 '”L

Antenna," IRR Transe on Anto and Pr@pog V@lo AP=8, pps 26®=2673 Mays ,
196. o -+ :

E951gn89W 1@@9 Qiﬁe:

10 5, Buﬂamel and FQR@ @r99 ”L@garzthmical;y Perledlc An%enna i



'eé$en£ially,uﬁidifeciiﬁﬁéig Forward radiatién:is in the positive b -
,direetiano:, ‘
2 2 De51gn

Ro Ho DuHamel and Fo Ro Cre 1nvest1gated several trapazeldal

‘,towbhg 10g perlodic antennas for the frequancy range Oaé t@ 6 ch/so j:]'«’

Bel@w are “the particular parameters WhlGh they found to give a sultable o

radlatlon pattern and an input impedance of 150 Otho: The same parametm
: ers.were used in constructlng the 2m¢0w83£Mc/s antenna studied;in"this‘
thesisa These paramete?s are the f0110w1ng0 | |
o - 0.707
_@=w,
‘@=60°
B AICEN

”The size of 2 l@g perlodlc plate (twe plates form an antenna)

4 (209)

“;depends entirely upon th@ d951gn parameters and the frequencies inm«
,'velvedo The 1ower cuteff ogeurs when the 1@ngest toobh is appreﬁlmately'
a quarter wavelength lengo The upper cutoff oceurs when the shortest
v';tooth is- sllghtly langer than a quarter wavelengtho A dlagram‘@f thej'

vplates w1th all dimensi@ns is shown in Figure 2536

93 Construction T

| The 1og periodlc plate desmgn ef Flgure 2 3 was scrlbed onto
the "blued" surface of 1/32 1nch9 sheet coepper, Sp901al care was used
45in preserv1ng dimensions and smooth edges when the plate was cut from

- -bhe @opper@ Assembly @f the plates w1th a feed is descvlbed.later» S

ig?libide
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» 2.67
Rg 2.25
.89
.59
.335
ra 0.945
Ra0.745
* . 658
R ' 562

Fig. 2.3  ANTENNA PLATE DIAGRAM



10
glthough & photegraph of the plates assembled with the baiﬁn.tréns*
former (mentioned in Chapter 1 and described in Chapter 3) is shown in

Figure 2@&9' 



Fig. 2.4 TRANSFORMER-ANTENNA ASSEMBLY



CHAPTER 3
) TEHEBYCHEFF TAEEREI BALHN TRANSF@RMER

7,351 ;AQVantages Q§ the'Tfansf®rmer*v

g,The T@hebﬁcheff'taﬁered;Eélun'transférmér iéaally‘satisfieé the -
fee& fequirements of th@ leg perieéie éntennab C@nventlenal p@wer
‘seur@es andjlaborat@ry equlpment requlre SOeehm9 c@ax1a1 @@nnectien59
Since the aﬁtenna 1nput is 150 @hmsg a transformsr 1s neeessarysv Be«
81des the 1mpedan@e transf@rmatlon9 the balun transformer projeots a
. balanced9 tW@mcanducter llne between the 1@g perledle plates ef the
| antennao: This avoids bringlng a @@ax1al cable ever the plates dlSa
' tartlng ‘the 1mpedance and radlatlon pattern at the higher end ef the
frequency bando Also the baluﬁ tramsf@rmer afferds a rlgid@ synmetrie
and @@nvenlent ‘mounting for the antenna platese
L 392 1351gn  “'-.fw . |

The T@hebyoheff impe#isc@ transf@rmatlan can be designed t@ |

cause arblﬁrarlly‘small refle@tlans or VSWRO The the®ry @f su@h a
transformation 1nc@rperated in a balun transfermer is presented by

913 A balun transformer is a transition frem . -

- Dunean and Min@rvao,
; '.rlg1d9 @@ax1a1 @able %o a twem@@néuct@r llne of hlgher xmpedan@ee The

A %ranﬁitign between the two types @f transmissi@n 11nes 1s madg hy

AR J&We Duncan and VaPe Min@rvag ¥100:1L Bandwidth Balun Transw )
f.yf@rmergw Proco of the IRE» V@le h‘s PPo lBéaléh, Febop 1960,

13,
- DuHamélo :

The balun transfermer‘wa$ origlnally @®ncelved by Ro Ho

12



13

‘éutting away the»eﬁter conductor of:the coaxial cable such that‘the

Vf‘lmpedancw matches a. Tchebycheff eurve at svery p@int almng the tTaHSLw L

tlano The Tchebycheff curve f0¢ an 1mpedance dlfferentlal of 50&&50
ohms and a maX1mum reflechion coefflclent of 00055 is presented in
,Flgure 3elo Th@ 1mpedance of-the 1in@ mlth an @uter @penlng angle,‘

: 2% (Flge 3@2}g is presented 1n Plgur@ 3330 1k

The @p@ning angle as a
fun@tlon of dlstan@e al@ng the ax1s is c@mputed fr@m Flgures 3®1 and
303 and is presented in Figure 30h@
‘.3 Standard c@pp@r tublng was @h@sen f@? the @@ax1al llne@ Th@ fj'
_iinp@r C@nduct@r is 90250 in@h ODQ the outer eenductor is 69625 ‘ineh -
,“GD with 00031 in@h walls _giving an ID of 005630 The impedance ef a
. goaxial line is } o

zgﬁlm{§  _ *, (3.1)

where a is the éutefiganducto? diémétérgvand;b is the inner conductor
; diamaﬁere The above @hslce gives an impedance of hB ohms fer the

"@oax1a1 11n The twawc@nducter 11ne consists @f 00250 1nch c@pper

i.bubingb The impedan@@ @f a par&llel wire llne 1n air is

Zalmlm%%”” “ (3.2

where D is the sepa?a 1en9 center to center9 and 4 1s the wire diametere

g -g-vfllsv@.m-i?éd 1n m7—0 o (3_0‘3');'
: D = 0@125 o = 0 b58" (3ck)

5.0, Duncen and V.P; Minerva, loco cites po 161c .
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Fig. 3.2— balun cross section
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. Th@ separatlan @f 8 150m@hm9 tW®m@@nductor line (@ylinéri@al c@némct@rs)5“'f"w

oh53 inch @enter to centero v
Cmtmff @@eurs wh@n the length of “the. tramsitl@m is equal t@ :

QMYS wavelengﬁha Th@ 1@west fr@qm@ngy at'whl@h th@ %ransf@rmef must

‘rv@?@fat@ is 2'9@ M@/So Slnc@ the @®rresp®nding wavelength is 6 inchesg-' L

the tramsf@rmat1®n must be @xt@nd@d @ver a dlstam@@ greater than 29?8

“.ineheso A length @f 3@25 1nuhe$ yi@lds a rea@anably Small d@v10e9 yet5 f“; i'

it d@es not narrow the @perating band @f the 1@g perl@dlc antenna -

'(Flge 305)@ -

At the p@int wher@ 2% 312 5 %h@ @uter @@ndaet@r is -a @@ﬁ@aV@_uf _ﬂff¢

Strlp of wmdth equal to th@ diameter @f the center @@néuct@ro‘ Th@ 1m”V 
pedan@e at this p@int is 131 @hm8°‘axial p931ti®n9 z, is 2. 82 1neheso

'Here th@ transiti@n fr@m the concave Strlp t@ a @ylindrlcal @@néu@t@r

id@nti@al t@ th@ @enter @@ndm@t@r b@glnso Thls tran51ti®m takes ﬁlac@ h@j:“"

betwe@n tn@ axial p@sitl@na % é 2 82 1n@hes and 3@25 inches @f th@ traBSm ;1:'3f

 former. Pnyﬁlcally this is dlffl@ﬁlt %@ do in such a short 1@ngtho The‘
Tehebycheff 1mpedance @urvg must be f@ll@wed9 and9 aﬁ the end @f the :"
'transfﬁrmsrg the ﬁW®mV®ndm@t@r llme must have tha @@rre@t @p@clng su@h
'that its characteristie 1mpedamce is 150 @the | -

303 G@nstru@ti@n -

C@PPSF tublng abeat 6 1n@hes 1@ng was used f@? the ®uter gon= - .
du@tmrg mhlle th@ inm@r @andueﬁar was about 12 in@hes lange Th@ @@&Xlal'?
line was assembled using a type GR 87&#3 c®nnect®ro The GR C@ﬁﬂ@@t@f

‘is advertlsed as havxng a VSWR.@f 1ess than 1903 f@r fr@quenales below

e 5 KMI@/Sa Haweverg tests éascribed in the next sectl@n showr that the

L @®nn@@ter is a@@epﬁable f@r use wmth the balum tranaformer up to 8 KM@/S@
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/ —GR874-B CONNECTOR

/— COPPER TUBING, 0 625 OD, 0.562 ID
- POLYSTYRENE SUPPORT
COPPER TUBING, 0.250 OD

0438

REGION OF IMPEDANCE TRANSFORMATION

Fig. 3.5 BALUN TRANSFORMER
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InA@mtting the balun taperg a d@wel waa used@ The profil@ |
.h@lght of the taper‘was geam@trlealky related to th@ @pemlng angle
@f,the @uter‘@@nductare A hardwaod dowel was turned o fit 1nt@ the
@ﬁtef«@@ndm@ﬁoﬁléxagﬁly; Then the dowel was cut such that its cross
'se@ti@n maé@hed the éesired Tehebyéheff shapé at every peint. The
dowel was imserted inta-the outer cenduetor, and the conducter was
' filed %o mateh the dowel, It-is estimated that this process produced
a taper of a talerance ef less than 0,015 inche .

Atta@hing th@ quarterwin@h tmbing t@ %he end of the taper was ‘j

the n@xt stepo The taper wras ext@nd@d slightly bay@nd the p@intg

2082 1n@heso_ ThlS @xten51®n‘was n@t@h@d inte the quarterwin@h tubm f.."

ing and saftGS@lderede The tubing'was bent eut‘su@h that the distance
beﬁﬁeen it and the @eﬁterf@@ndm@ﬁar was @oh?8 inch, @enter to center.
The - transition from strip te tubing and the bending of the tubing

should both be confined %o the same Ool3=inch length, The awthor found

this difflcnl% e d@ w1th ﬁh@ available tools and extended thls dlstan@@ ?,;;.'

by ab@ut 50%9 thus departing fr®m the Tchebycheff impedance @LEVBQ
TW@ p@lystyrene supperts were used in the assenbly. The sup=
._p@rtS'wePe 1/8 1nch thlck with praperly‘@pa@@d@ Z-inch holes fer th@

@@ndu@t@rso» One was pla@@d at the point, 2 = 2095 1nch359 ‘the other

was pla@ed 2 3/h 1nches farther al@ng the axis and @n th@ twameandu@t@r o

lline (Figo LQS)O These supp@rts Will ne@essarjly cause small reflecm
tions, |

i 3ok Meaﬁmréments of Tfan5f©rmer A53®mb1y Reflections

The balum transf@rmer-ls deslgned to have a maxzmnm.reflecﬁx&m

c@@fflciemt of 0,055, However, t@@r@ are r@fle@tiems»dme o the,“ '



1mperfecclons of the taper and ‘the tran51nlon from the @oncawe strlp ;;; ‘

'to the eylindrlcal tublng, there are reflectlons fram the GR connectorg':‘f.'wf

.~ the p@lystyren@ supp@rts and the mi$match of the laborat@ryg BOmchm

”cabls to the b8mohm 1nput @f ths transfarmer Goneeivablyg all of thev
foregelng reflectlans ceﬁld add at some freqae cles to produee a 1arge
“VBWR in the feed 1in®s e the transformerg Any'max1mum tolerabl@ VSWR t
‘  is purely arbltraryg but the VSWR from the balung alones cartainly ' |
should be 1ess than 2 whlch represents a 33% refle@tlono .

The method for testlng the transformar is 51m113r t@ Desehampsf
métheda Here; the loss coefficient was net measured; orily the refle@w' '
tion c@effmcient was f@und@ The two~condu@ter 11ne was terminated 1n
" ”a 1drge @@pper sh@et perpendleular t@ the 11nea -The sbeet'was-mgved_f :

.aleng the line to allaw maximin and minlmum VSWR t@_bé measureq,én a 3
'sletted 11ne in series Wlth ‘the 1nput llne (Flga '06)' fThe twofVSW§ -

were measured at 300 Mb/s 1ntervals over the eperatlng rapg39 2" t@ 8

15

L Zl»KMC/soi Pr@m the two VSUR, a r@fle@tlmﬂ coefficiont was cal@ulatedo -

‘\This‘reflectian ceeffieient represents the net-reflectlen of -the
transformer assembly minus on1y~ﬁhe secend pbl&styrene supp@wbe This
‘ sﬁpp@rw was remaved to. glve roon to the slldlng sheet of COPPEY 5. Re%
1f‘sults in the form of VEWR (calculated.fram the: reflectlon coefficient)
are presented in Flgure 3@70

lelﬁatlans ef the above method lie malnly in the measurem@nt
| of the maximum VSWR on the slgﬁted.11neo ‘Hewevers even errbrs as large

o as 20%-;n th@ maxmmum~vswa_maasurement gan cause errors of only abeub

15A§péndix \
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o
6% 1n the resul’c.:.ng refle@tion coei‘flclen‘t for the tramfomero Errm"s

in *&;he i i mum VS‘WR measurements are neg‘llglbl@e The oﬁher source of

errer 11es in the damplng effects of 1®ss bvtvreen the sletted 11:‘19 and

'the slldlng plai,eo" Th@ mm.mum VSWR whmh were m@asumd all 1nd:zcate
a total reflectlon gmater than 91;7' bo Thus R attenuaticn (due malnly to f-
radlatlon loss) was less than 67 and need no‘b be cons:,dered in this

fmrst @rder examnat:_@ne

The transf@:mer produces a max:Lmum VSWR of 1037 a"z; two frequenw S

'@ieso The posss,ble error in this, valu@ is expected to. b@ less than 6%0‘_' R

. Though a rei‘lned transi‘ormer woulcl be d951rable g The ’c.ransf@rmar as .

tested was used in feedlng the log permdic: antenna descrlbed in. the

i

next chap‘bera



CHAPTER h

FEEDING THE LOG PERIODIC ANTENNA

Three ba31c types of feeds and their expected qualltles are f
- dls@ussed in the f@ll@Wlng three sectlens@ ' The first tW© types have
been ﬁesﬁed experimentally in this %h681se The tests and resulis are
deseribed in sect1®ns hoh and haSO-

"hel G@ax1a1 Feeds

Antennas 31mllar in des1gn but for lawer frequencies than the
'one tested here are generally‘fed'W1th d;rectlyb@onnected cableo Th@
‘antannas being larges the presenee @f a smal; coaxial cable has megliw -
.glble effec%e The flexlble cable is led over one plate to the tip @f
the antenna.- The enter @@néu@t@r is atﬁa@hed to the flrst plate, and
the:inhe? @ondﬁctef is led‘acr@sé-the insﬁiating gap to the second
ﬁlatéog-‘k | . | 2 | |

The antenna tested here is small enough such that a feed as deSef
.crlbed abeve wauld appreclably change the phy31cal shape of the antennac . ‘
7 fDistertlon in b@th 1mpedance and pattern W@ﬁld be expeeﬁedo. ‘ ’

‘ - Two @@axial feeds were tesﬁed experlmentally in this the31s@

_As descrlbed in section h h9 bo%h depart from the above. desxgn in erder
_%e keep the cable as: remote from the antenna plates as p@sslbleo Bothv
were trled with tW@ purpeses in mind. -

The firSu purpase was %o estaﬁllsh a gontrol feed'w1th whlch
the balun transf@rmer feed (next sectien) @eﬂld be e@mparedo The

.se@end purpose was - to dlse@ver any peri@dielty which @@uld exist in

25



‘the quality of the tapedance matche' This expected periodicity is
‘deserlbed bélcwe o | ' o ‘

| A log perlodlc antenna 18 an aggregate of a serles of radlatm
k“ing"elémentS'whwse frequency bands are @emse@mtmveo The qverall band=".
Width'of the antenné méy be in@reasedeith additi@n af’more elementss
The relatlve bandw1dths @f the elements are equal dne te the design of

16 Each elemant“s bandwidth is lnversaly prop@rtlonal to

the anﬁenmao
the d951gn factors ‘rg dlscussed in Chapter 2, A maximum standlng wave
ef @urrent ex1sts upon the part of the annenna‘wh@se dlmen31on is
appr@ximatelynequal o a half=wavelength‘(the resgnant element)g'ar
where a t@@th is- appraximately ‘equal to a quarterawavelengﬁhOIT '

It is expe@%ed,that the input 1mpedance wxll vary 1ﬂ 2 @ertain
‘patierﬁ over each element“s bandwxdthe ThlS pattern should repeat
| perladl@ally'w1th the 1@g @f the frequén@yo DuHamel chose the parameter9 |
T » t@ be 06707 on th@ basis of s ome maxzmum allewable impedance and radw
' iétion pattern varlatleno Thusg if log perlodic variatlons are apparentsi:

-they sh@uld not be ex09551ve in magni%udeo

'h02 Balun Transfermer Feed

The advantages of feeding with a tW®a@®nda@tar line progected
frem a balum transf@fmer are dlscussed in Chapter 30 It is suff;cient

t@ repeat that the object in usmng the transformer is to attaln a go@d

The relative bandwidth is the highest fréequency divided by.
' the lowest frequency in the band. For example, the bandwidth of the log o
© periodic antenna for frequenclesg 2 to 8 KMe/s; is. 8/2 h (a lis1 band~-
w1dth)o o .
- 173§Le Bell and Gdrgrﬂifringg\lacpgeito



himpeda;nl@é iz'aatych é%‘@z; ‘bﬁé whoile ’fre;qfiéza@y faﬁge . 2 to’ 8 Kie/ é. s ‘fhe
_baneim,dth @f‘ 'bh.e tramsf@rmar as d@scri‘bed in Chapter 3 sh«mld. n@t
be. a limi%mg fa@t@fe _ Sne @]iffi@ult p@lmt @xpe@ted 18 at‘ba@ln.ng th@
iS@«@hmg W@%@ndu@ﬁor 1121@ (1 th@ antenna With@ut distorting the an-

i‘@nna“s 133)11‘@ imp@dan@eo

'.1&03 Prmclmityﬁ‘@ed R ‘ -—=

o Pr@}:imty transmssi@n lin@s ar@ used f@l& f@@ding ladd@%
aﬁtezimselal 4 S*’wip lin@ is pla@ed n@ar “bh@ ladde% e].@m@n’ss 5 alth@ugh “
iv is iﬁ$ﬁiated frem tne elem@ntse A 31mﬂ.ar arrangemeﬂt mght b@

Suliaablé for fee@ing 'hh@ 1@g perwdl@ anuennao Biffi@ulty W@uld be E

-i‘;@xpected 1@ @btaimng a stm.p lm.ne with ’she diverglng nature r@qulmé o

‘t@ f@llﬁm th@ an“senna platese Pr@mmity fe@ds were n@t experimentally" :

' investlgat@d im this thesmgo

- -hoh E%@mpti@n @f’ C@mal Armngemnts and Test Reﬁults '

'ﬁm armngements using @@axial @able ‘were triedo N@ither pg; @ved_:* R

entarsly Saﬁisfa@téryo The first is si@.@m in F:Lgare &@lao RG SS/U

@a“@le W&S f@d be bwe@n the plates ’w th@ tip of ‘bh@ antexsmao This arce T

o %angement @xmm‘bed much gmat@r VSWR *@ham th@ expe@t@d 3 1o Two féam B L

sons ‘are @ﬁ:edg a satisfa@t@ry @@nneem@n at ‘bhe am,ema tlp c@nld m@‘t :
S Jbe atﬁaﬂ,n@dg also the avaﬂ.abl@ RG SS/Ua@@mtyp@wﬂ @@ﬁn@@t@rs were n@t

satmfact@ry f@r @pemtmn at, the mquir@d freqmen@iﬁse

Th@ se@md arrangement was m@r@ Satlsfa@t@ry (Figo h@lb)e S L

g largem RG C/U cable tas fed from: @utszde the. antenna platese The

| 'l‘AeFo Wi@k@rshamg Jr@ 5 WR@@emt Bevelapmen*’@s in V@i@y Br@ade-‘ SR

. Band End Fire Arraysgw PI“@@Q @f ‘th@ IRE,@ Vel.o hBQ ppe 79&@795» Apml,)

o 19600



LOG PERIODIC PLATES

Fig. 4.1a — rirST COAXIAL FEED

MODIFIED LOG PERIODIC
PLATES

Fig. 4.1b — seconp coaxIAL FEED

28
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. larger cabiek@asiﬁsed;ta escape thé.@ennect@r problem,  The plates;

4iﬁ'this’caség'were medified'as deséribe@;in %h@ néxt Secti@ﬁg The

I,@able was breught in perpendlcular @@ ths tipso The @uter @6aduct@fo7 f:'F

© was ssftusolderei t@ the tip @f @ne plaﬁeg and the inner @@ndu@t@r was
rled across the gap.amd softaseldered to the tip of the other plate@ A
'p@lystyrene supp@rt at the rear of the antenna held the plates in their‘

correct p051tlano- A UG&QIB/U (type W) @@nnector was attaehed to ‘the Q:

S free end @f the @ablee

The experlmenﬁal setmﬁ useé 6 tesﬁ the seeond ceax1a1 arrangea:
ment is shown in Figure ho2. This setup is the same as ased o test
. the.balun transfarmer w1th the exceptlon that the antenna rep&aces the.
transfermero The' Setup is standard for this type of measurements and o
needs ne fmrther explanationaf | |
| The test results .are ﬁresenﬁed by the solld curve 1n Flgure  ¥ 3
heB;' (The dashed eurve is the result of a test, descrlbed later, w1thj_
‘ -the Ealun transformero) Data for frequenc1es bel ow 2, 6 KM@/S and be= o
tween kol and 6,0 KMC/S were not takeno. Reflex Kystrons for generata‘
ing these frequen@les were n@t available to the author at the tlme th@"
“v'test was madeov N@te that in Figure h939 Superlmposed upen’ the graph
‘is a distorted shape @f one - smde of a 1®g perledlc platee ‘Bach tooth
of the antenna is aligned with the.bgndvaf-freQﬂencles which has ,
chrespoﬁding'fréé%sﬁace»Wéveléhgths eQuél to b times the length of the -
‘,téaﬁho Ea@h t®eth is tapered such that it covers & band of frequencieso'
Alsa n@te that the relative bandwmdths @f the teeth are: equalo ' |
Between frequenc1esg e7 and &eh ch/sg there is a small but

”‘dgfimite @@rr@spandence of the VSWR.pl@t to that of the superimposed
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'{.anﬁennarplateoi H@weverg th@ p@rladlalty dlsapp@ars f@f fr@quenelas

",ab@ve 600 KM@/se . The value of thls coaxial feed f@r use as a @@mtrel

feed ig questi@nable@ In gener819 the tests of feeds using dlreet&yhr- :

fed, eoaxial cable were at b@st9 m@d@fately succeSSful andg thmsg

"- S@rv@ maimly in @xemplifying th@ n@ed f@r a m@ve S@phisti@ated typ@ '~;
| of feedo H | : '

h05 Eeseflptlan @f B&lan T?ansf@rmar Feed and Test Results

A tW@ﬁ@@mdu@tar 11n@ pr@je@ts fram the lSO-chm end of the balun»i
.traﬁsf@rm@r of Chapt@r 3@ Th@ tW@ @@ndmetavs were @ut by in@hes fr@m
' the end of the r@gi@n of transf@rmatlen and beveled at ‘2940 t@ the z

.ax1so S@e Figuf@ he&o The antenna plates as desgribed in Chapter 2
were then S@ldered t@ the b@valed ends @f the tW@ condmet@r line, ‘A
';'small gap was left at the tipa Sln@@ each plate was 1n@11ned %o -
3 transmlssiﬁn 11n@ ax1s at a 22§ angleg the angle, ng b@tween the
plates was the ‘chosen hSa (Figo EQSa) ' The plateS'were supported en=
tiraly'by the transm1851®n llﬁ@e.< | . '

| Agmln th@ axp@rlmsntal S@tup ms&d was that @f Flgur@ EQEO Tm@‘.
‘VSWR.@aused by the transfermermantenna assembly‘were measured at 50
.fM@/S intervals threughout the 2=%@¢8wKM@/S bando The results are
shown vy the selid eurve in Figur@ heé Th@~impeiénée~ﬁat@h of this
»”antanna determmrates campletely near and bel@w bol KM@/So ‘It was dise
' @@v@red that by benélng the plates taward the transm1351®n llneg the
: perf®rmance below h&l KM@/S was mmpravede Redueing the angleg Wy

in@feasea the @apacltanee betwe@m the plates and r@duees the imp@éamc@o‘

Smn@a it was d@slred n@t t@ chang@ th@ maa@r d@smgn parameters B

'1n thls investagations an alternate way of reduelng th@ 1mpedan@e ﬁas
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ENDS BEVELED TO RECEIVE
ANTENNA PLATES

221

TWO-CONDUCTOR TRANSMISSION LINE FROM BALUN TRANSFORMER

Fig. 4.4 DETAIL OF TRANSFORMER-ANTENNA CONNECTION

ANTENNA PLATES

45%

Fig 4.5a—original antenna assembly



3U

45 0.080 INSIDE
DIMENSION

Fig.45b— first modification of antenna

-PARALLEL TIPS
REMOVED

Fig.4.5C  SECOND MODIFICATION OF ANTENNA
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devised; The last half 1ﬁ@h 0¢ the tip was bent parallal t@ the axis
”';of the bransmissian line@ Ehe plates were then resglé@red,such-thgt,
the parallgl tips were 0,080 in@h{épartcl See Figurefh;5bo This efe=
.fﬁctively moves tﬁé plates tdgeﬁhér without changing gb 'Ais§9 in
effectg a parallel plate capacltor has been added in parallel with the

' antenna plateso Tests Fesu_ts of thls arrangement are displayed.by thek
- dashed line in Figure hoée | | |
/ B G®n81derabla lm@revement was @btalned in the 1@W‘frequenqy
'1‘pérf®rman@eo _ The feed;remained'aeeeptable d@wnktﬁ the frequenefg 07. _‘
KME/sP uThis is'ag‘adéiti®n 5f‘ioh Kﬁb/s to the‘uééfﬁl‘béhdwidtﬁ of .
'the éntenhé; The saerifiéé fequired to @btaiﬁ this imprevement is very‘~
's‘zzi‘a‘llo A% the high frequenc:.ea (above 5, 6 Kie/s) the VSWR are only

' 511uhtly 1arger than those measured of the unmodlfled antenna @f Flgure;
.Illcgsao, - SRR - o0

& Test results of th@ m@dlfied.antenna (Flgo aEb\ are also prea‘
sented in Flgnre hQB fer c&mparlsan to the test results ef the coax1al
 feedo The varlatlons in each VSWR curve are similar f@r frequencles
bel@w &02 KM@/SO It agaln appears that the cause of the varlatlons lS..
the log perlodlelty of the antenna itself. |
A second mod1ficati®n'was triede To determine the effect af

.,the parallel tip59 tests were made @f the antenna of Flgure h Sco

“Without m@ving the platess the parallel tlps were cut off o _Test resulﬁs"

,{fln Figure hoé (d@tted curve) show VSWR W‘h:Lcl'1,9 in generalg lle rabaoon |

those o; the orlglnal antenna and the flrst modlfieatlene Agaln ne 51g=

'nlflgant change was made ab frequeneles above 5.6 KM@/SO '



'eHAi#TER, g’

g RES@TS "AND GONG;USI'ONS_" .

The» prin@:,pal @bge@‘mve @f i;hls th@sz.s was t@ deve‘lep a.
’Sat:n.sfactory feed- f@:r & 1@g pe?‘iodic antenna with particular de31gn
' ) pammeters presented 1n Ohapter 2o

Goaxial f@eds and a balun Rzram%rmer fe@d W@I"@ tx“iado Wlth

one c@a}c:s.al feedg it was f@and “n'ma’c 'hhere :LS some- 1@6’ p@rlodz.c varia» ._ o -' N

o tmn @f impeeﬂance @f the’ antennag theugh the vam.ati@n is n@‘t excessivee
I'ts exaet magni‘tude was n@t d@‘termnedo. Since the 1mpedance ma bch uge
g :mg SOmehmg @@aumal @able was generally poer, it is. c@ncluded that the

- cgaxlal cabl@ ale»n@ 15 net a suitable feede

The @'the? type @i‘ f‘eed ‘tried is ‘bhe balun t?ansfermero Us:mg o

- -”»‘__lthis :feedg ‘ime amtenna as’ @riglnally deS@mbed in Chap‘ter 29 and @n@

N L:meoz“tan‘t modlflcam@n were test@do Tests @f tha @fiwlnal antenna fed R

"w::.'bh the balun transfom@r dlsplay@d VS%R as f@.&.].@WS" ’ From t,h@ upper
| Niimlt of the an‘benna band (8 m@/s) down %o 696 xmc/s,9 the VSuR re=
mamed below. 2°1 betweea 6 6 and h@‘l KM@/S‘;j the VSWE. was less *bhan

| '335 °1 $ bel@w l!.o]. KM@/S 9 the 1mpedance match de*t;em@rated entiwelye

- With ‘bhe 1mp3:°oved artenna ei‘ Flgure L;QSb (th@ parallel "i:lp

SRR m@difmati@n of Chapter };;.)9 the 1mpedan@@ ma*bch was 1mpr@ved at 1@&1’

L {f’requenclesol A'%:a frequencies abo‘m hal KM@/ 5. ) th@ mat@_l was n@t apw

:f- pre@iably affe@tedo Hver*g th@ us@ful ‘bandwldth @f the anuenna Was

' "e?tended dewn fr@m hol o 297 KM@/so } Al‘thoagh th@ modlf:.catﬁ on repm

- resented considerable 1mpr@vement9 a satzxsfac*bory fe@d wis not @b‘bained
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v 8 ;’

:', %o cover the intenéed frequen@y band @f ﬁh@ antenna (2 t@ 8 ch/s)o

rf“Pquished results are’ avallabla f@f a simllar antenna f@r frequencles‘:'?.

'up to 6 KM@/SOIQ Th@ modifled antenna @@myares faV@rably wzth thes@ R e

‘results f®r frequen@ies above 203 ch/ser',if
» The resu;ts @btalned 1n thls thesis mare c@n@rary t@ exp@cta«
‘ 'tiémsg It was expe@ted bhat trouble wamld be 1n@urred atvthe hlgh@r

:“;ené @f the band and n@e at the lawer end @f the bando One p®551§l@

'f@;explanatien i that thls amt@nna cut@ @ff when 1ts 1®ngest t@@th 15 ;‘f ”A

mu-@@n51d@rab1y 1@nger than a quarter wavelemgtho Thls 18 @@ntrary te f'f ff
‘lnformat1®n presented by DuHameleg' H@wever9 thls explanatlan seemsf'
to be bgrne out by Ro Lo‘ ell and Co EX Elfringozi Th@y‘inéleated

'~that appreclable @urrents exist [2:1 tﬁ@ teeth on elhher slde @f the

E *ameswnant t@@tho If the teeth on ‘one slé@ of the resenanb t@@th'm@r@', ~.? ‘o

- missing, adver&e effectS'W@uld be exp@cted (thls is. the case near ZA" _” o

- KM@/S}O¢ This- explanatlan leads one to expecﬁ trouble at the upper
end of the frequan@y bamd.alsoe The impedance mat@h there was g@ede'

;lThis.fact tends @@'diS@redit'th@ above axplanati@no anceg‘a com=

‘ "p&etely satigfact@ry @Xplanation of th@ mismatch at the 1@wer frequenw N

’3fc1es is net 1mmed1ately evidente : g;"'*

v

S o 19RQH° DuHamel dnd FoRo Or89 WL@g Peri@dlc Feeds for Lens PO
o _@nd Reflegt@f o 1@@9 cit@ : B I

Q.Ibido~

Ap QLO Bell and CoTe Elfm.ngg 1@% cito



CHAPTER 6
SUGGESTIONS FQR PURTHER STUDY

Further investlgatien @f the antenna st&éled here 1S ne@essary

for 1ts complete evaluatlone, Pattern m@asufements should be earried.

. vout w1th the antenna as first presenteﬁ in Chapter 2 and'w1th the first -

innovatlon presented 1n Chapter ho Gther suggestlans are that the
bandW1dth be extended upward in frequeney and that the balun be refinedo

The size of the c@ax1al 11ne 1ead1ng 1nto the transfermer and the 31ze

of the two=c@nduct®r 11ne atta@hed %o the antenna beth c@uld be reducedj‘»

' @on31derabkyo. This change should redn@e any disturbing effects*whlch B
’the_preéen¢e.@f the feed has upen the antenna's patterno; Suech a~m9d1m
fieatién'is.ahS@lutely'@é@essary'foriféédiﬁg,éniennas ef ény.higher1
v‘frequéhéieé thah ﬁhe @ﬁe fésted hereo With this medlflcatlong it
pr@baﬁky‘wedld be mecessany"te develep new meth@ds of smpp@rting the
antenna. plates and to @@nstruct a‘eenstantaampedance taper te be used
.betwe@n the ‘new caax1al line and that of standard 1ab®rat®ry equipment.
A A mere challenglng preblem is ﬁ@ calculate the innut impedance o
"‘ of a 1@g periadic antemna from its d381gn parameterso This pr@blam
'mlght involve caleulat1n¢ the 1mpedance from the antenna“s transf@rmedyi
f  tnreeedimen31onal shape in 1®g coordlnatesa A suggested transformatlonr“
"is frdm the antenna 1n spherleal coord:mates9 W(rgﬁse)s to its trans=‘
'formed shape_ln rectangular c@@rdinatesglz(Xngz)g whe;e
| - ‘ = 1n rg-f .'; - | ‘ “" (6515
yﬁﬁff R )

39



Camd o Ts=e. (693)

,Th@ kg plane is t,he same transfﬂrmti@m @f T and ﬁ @@ordmates as

e s:‘ ga; 1n Chapt@r 29 Th@ addz,tlon @f‘ "bhe 'bhird ccf»ordlnate all@ws th.e

: antenna ‘to be d@sn.gned @@mplet@ly in 'bhe l@g ca@rdinate systemo ThuSQ .
| the addltl@n @f’ the new dimensn,@n @reaﬁes a new and msre powerful dem
sz,gn tool ‘than the ene dlscussed in Chapter 20 ' 7 | _

A r’ecently publi@hed ar'tlcle by G@ Co Eaglesfleld describes B

~an 1ntuii;ive appr@a@h to the d@sign @f a ‘balunoz.z I% mght be 1nter~= :

i lb‘@s%ing t@ eempam Eaglesfleldﬂs balun (When @@upled mth an 1mpedance AN

B transf@rmati on) and 'the 'balun ﬁransf@rmer of Ghapt«er‘ 3 for" th@ir‘ ‘

vrelative merlts as feads o ‘bhe 1eg periodlc ant.ennao

2
oCo Eaglesﬁeldg "Note on a. Balun. Selum@n by a
Tapered Potential," Proco @f the IREg Volo 49y ppe 810411 3
Apmh 19610 : ,
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APPENDIX
DETERMINING THE REFLECTION COEFFICIENT, p2,
OF THE BALUN TRANSFORVER USING A SLIDING SHORT

TRANSFORMER
SLIDING SHORT

E* » incident wave*

Eg */Jg * wave reflected fromtransformer (T).

Er * /D" E* = wave reflected fromshort (S)*
P?, P39 reflection coefficients of T, S.

X * free-space wavelength*

At any frequency, when / is Aox , n=1,2,3...... , the re-
flected waves add causing a maximum VSWR equal to S, . When jl is
n - 1 X, n*1,2,3,%.... , the reflected waves subtract causing a

minimum VSWR equal to Smin*

A ®1 + (B3 + Eg) Al
S®ax = - (Ej + E2) (A.1)
o _ El + (E3 - Eg) 1 +

SBin X '- ("3-4) (A.2)
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