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ABSTEAeT

. This- th e s is ' i s  a s t a ^  @£ a leg  peried ie  aateaaa ®£ the  freqmeaey 

raag@:9- ter© t© e ig h t KMe/$«, The ©bjeet @f the  thes is  was t© develop a ; 

sa tis fa e te z y  feed  f@r the amtemaa.frem am impedamee stamdpeiat© Tw® \

' ^ p e s  ,©f feed  "were - tried© / r : " . ' 7 , ' , - / . .. .:

The f i r s t  ^ p e  was e©axial eahle eonneeted d ire s t ly  t© the  

amtemma©- Sim®© te s ts  shewed a la rg e  impedanoe Msmateh hetweea the 

®ahle amd the aatemma9 i t  was eeaelmded th a t  ©©axial 'eahle dL@ne i s  , 

met a satisfaet@ ry feeds IM le  te s tin g  the- eeaxial cable feeds s hQ#= 

everg i t  was f©mad th a t  the iapmt impedaaee ©f the amtemaa .varied p e r-  

' iod ic a l ly  with the log  of the frequeaejo , . ..

The se@@nd type ©f feed, was a' balxrn' tramsf®r»er© Tests ©f the 

©rigimal antenna fed  w ith  the balua tra n s f  ©rmer displayed ?SWRs as. . 

f© llw s's Frem 8o0 dmm td  6®S ll@ /s9, the ¥Sf® remaiaed "below 2 s l | 

between. 6©S amd hoi EZ@/sa the IS il' was le s s  thaa 3e>5il| b e lw  hel 

EH®/ss the iapedamee to te h  iet®ri@rat®d eatirely©  . A m edifieation 

©f the antemna was develeped whieh extended the usefu l freqmeney raage 

frem h®l d@wa t©- to? EH@/s© iSIR 'a t  fretm eaeies ab@T© &@1 %M#/e r®— 

maimed e s s e n tia lly  mmehamged© • - •
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CHAPTER X 

IMmOBFCTIOM

: , : -The1 leg  if amtenna; design was ■ tilsssTered r :

recently R0 Ho BtaHamel and Ms ass©eiateSo The eoneept has drawn.' 

considerable interest, dne t© i t s  potential t© preduee antennas w ith  

exeeptienally large baHdfi.dtfe.So. A bandsiidth of 10 $1 i s  read ily  

aehiered with lo g  periodic antennass while unlimited bandwidth i s  

tiaeeretieally possible o The l@g periodic design described by DuHamel 

combines h is log periodic eeneept with another concept of; antenna ■ de*~., 

sign deTeloped by Eumsey© This eeneept i s  that the ohara©terist£©s 

of antennas deseribed completely by angles are:'independeht if frequen- 

oy» .I f  in f in ite  antennas deseribed en tire ly  by angles were possibles , 

they would.be frequency ““independents However 9 in  general % end e ffects  

lim it' the usefulness of th is  @#mWpt. alone0 . An excellen t example i s  

the f  in i t e 9 bieenieal. antennas the bandwidth of which i s  lim ited  by 

reflection s from the ends of : the cones© I t  i s  the addition of log  

periodic variati©ns along. a f i n i t e s angular antenna that' .eliminates - 

the end e ffe e ts  within the pasg°*band0 Hences the addition of log

• . . 1 ' ' . : ■ ., ' ' " , ' ; ' • ’ 
RoH® DuHamel and Bolo-Isbellj) ’’Broadband Logarithm ieally 

Periodic  Antenna S tru c tu re ss ,s 195? IRE Hat® Gonva ReeoS p a r t  ly  pp.D .
H 9'4 t 8:«, .:» 7 /  .

b , . .  , . .

■ RaH©  ̂.BuHamel. and F0Re: Ores ’’Logarithaiically Periodic Antenna: 
Designsg11 1958 IRE la te  Gonve Re©»s p a r t  l g . pp0 139" l5l®

' •. ^VeHe RuKisey5 ’’Freqcten^r Independent Antennas*,” 195? IRE Hate" 
Gpnvo Rjeee>':part l^ pp® .11^ 1 8 ® ,  .. A ', . .

: \  1 ./ ' ' ' " ' ' ' .. : ' ' ' . 7 '



periodie variatioBS to the angular design allows p ractica l3, broad- 

banded antennas t© be developeda :

"y. This;' :tb@si§zimmlvas a leg. peri.odi,s antenna. e i th e . trapaaoidal , '

'; t©oth' v a r ie d : ■with:' ;a : IS® rotei: inpnt impedanee and a It s i bandmdth over ,'v 

. frequencies from ;2 t© 8 Me/s®, ■: The design of th is  antenna is. the same - ., 

as an antenna , developed for the frequency ranges Q66 to  S KMe/s 'by: •
. ■■ k ■; v ; - ' ' . .. V : r  ,  .. • ■: :

DuHamel and Ore 0 Howevers the antenna studied here i s  sealed to higher 

frequencies than DuHamel and Ore*s or any other log periodie antenna re«* 

ported in  the past® The higher the frequencyg the smaller the antenna# •, 

and with deoreaSing sige# the antenna beeomes increasingly d iffieta lt t@ 

:feed®' f  . : ' " f  : ' : ,

Both the radiation pattern and the input impedanee are essen~- ; 

t ia l ly  constantover the antenna8a frequeney range® The feed to the 

antenna mu,st provide a constant impedance match to the input impedance 

over the antenna8s entire frequency range ® Two'methods of feeding log, 

periodie antennas have already been' developed®

One methedof feeding i s  by a d irectly  eonneeteds coaxial
t  ■ ■ ■ : . ' : . . -. . • v

©able® This type of feed has been used successfu lly  on antennas for

frequencies in  ©r below the UHF range ® ; In general® the input'impedance

mateM has pot been'’, of; major s©neerns and impedane©■ mismatches of■:2s.l or ■

3:1 have been considered accept able for te s t:  purposes ® ,̂ ..; , , ; t, f: c

; ■ th e  second, method -of .feeding i s  the use ©f a ba3.un transf ©rmer®

RoH® BuHamel and FoRa.Ore# , "Log Periodie Feeds for Letts and ■ 
R eflectors#-*1 1959 IRS Mat® ;Conv0 Rec®# part l s pp® 128«13?0

' FeRe Bean# 18An Investigation of a Log”Periodic Antenna.
Stfuetmre#» Haster® s 4Degree th e s is# UmiVe of Arizona# 1960# po l io



3 ; ' ■

ia, 'aateflaa 1W f  req.a@B6£©s a%ev® :WBP :!#' '& small' §ia@#

i t ' Is  'seated ■ t e . a 'fraeM©® -©£ the wareleag-feh iavelvedo ■ Feeding th is  

higher<=>freq.ueney antema generally requires- a mere s©phistieated method 

tham. a d ireetly  o©nneeted$, coaxial ©afel®o Standard.s e@axial eahle i s  ■ 

comparable in .s is e  to the antenna dimensionS'o Ihem the eahle i s  led  

ever the amtenma p la tess i t  ©am j@im in  rgmtu&L effe.ets w ith the- antennag 

d istcr iin g  the radiation pattern and impmt impedamee ©Ter the whole of 

parts .of the frequency ramg@o; A halun transformer was used sueeess= 

fu lly  ty  BuHamel and Ore in  feeding a leg  peri'etii© amtenma a t . fr©qu@m-= . 

.:@ies vW te  Slffle/s'o’ ’ In ,@d#iti@n to advantages; disewtsed-later.®- -1

©leaT: advantage ©f the balma- transferimer ,is  that, i t  presides 'am impede ' 

anee aateh hetweea- the antenna and the source ©r. feed limeo ■ -

. .This- th esis  i s  directed, toward develepimg a satisfaetory  feed  

to the 2-=-fe=8==Kle/ss leg  periodic antenna from an impedamee standpoiate : 

The methods tested  fo r  feeding the.- amtenma are the followings d irectly  

- a ecaxial 'cable and hy a 5©a f  © - l̂ @«@hm Tehebyeheff tapered balma 

: transformero The transformer; projects & twe ĉondm© tor transmissiom l i s t  

te  the amtenmao Eaeh method i s  evaluated for i t s  re la tive  .merits and 

‘i s  eempared t© published, resu lts ©f.- te s ts  mpon- a: lower “frequeney^ - leg  . 

periodic a ® t e n m a . 6 . . f v - -ft: .; '' /ff-f/''

: : . Re Ho BmHamel and FoRo Orer, BL@g Periodic Feed f  or lens and
■ Reflectersj,"t' l © 6 o  e i f G‘a pe 136e ' ., i.-:;-- _ /



, v; . " , - GH&pm t ; ; ' ■ -

/ ; , BEFIELECQMs S S I ®  AITO , OG® GiF THE LOG PERIODIC ANTBHM ' ,

2ol D efinition .

A log periodic antenna i s  an antenna whose,e le c tr ic a l properties 

repeat with the logarithm of the freqmeheya The ra tio  of two adjacent 

frequencies^ f-̂  and fg^ at which the antenna exhibits the same e le c tr i­

cal .propertiess is. T s a design factor of the antenna plates (Figo 2al ) s 

• ■■' ■ ■ 'V- ■ \  ■ ■ : ■ . ' ' ■ i  "
^ d a y

A'concise defin ition  o f . a;,,log. periodic antenna i s  available 

through transformation in  the real planes Ws with coordinates, r and 

0S to. a logarithmic planes i S: with eoordinatesj, % and yo Where 2 and 

W are both complexg ' , i   ̂ ' I  ' '/ : J i  ;

. : , 2 » In .w; o ' ■ . (2 02)

T h e n g  where W  ® r ' ( 2 a 3 )

and '"X ; (2»k)

i t  i s  true that x =s in  r ( 2*5 ) ■

and jy ® e . (2 e6 ) '

; " The "bow tie'* antenna transforms, in to  horizontal str ips in  the .

2~plan® (Pig® 2®2a)o To reduce end e ffe c ts  of such an antennas per­

iod ic variations are formed in  the 2-plane strips@ These variations

■7 , ' ; . • .. ■ , : ■ ' ' . ,'
. RoHo DuHamel and DoEo Isb e ll loco c i t G
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are transfermed' ba©k int© the Tf^plane t© preduee log  periodic teeth (©r
:■ ';;V : . v :;: " ; 1 g o  1 : ;:'x;

leg  periodic variations) @a the !8l3@w tie®’ antenna0 Many types @f 

•leg;'peritdi® aatesnas ar©' :.@®ne@lva'bl®®.,. - l e w v e r f  ©r the amtemma,.:: ' 

studied im th is  the s is  a the peri ©die; -variations are square indentations 

alternating between the t®p and b©tt@m of the strips in  the-Z=plane .

(Fig® .'IsSb)®B®tb: th©' spading and. the wiiltii ;@f . th e• iadentatiejfls are : 

@qmal t© th© ©©mstantj, ..;, ; . ■ ■ % ' : -: ' t:; ' .'it:, '

the depth ©f .eaeh indentatien i s . ■ ' ,

TheiMb©w tie*  leg  ieri@S.® antenna whife.h'i®■ tr a is fe iw S  fr@m the :

Z^plane im; Figmf@ S©Itog i s  shown in  Figure 2®2e® I t  has- teeth  ©f 

eonsfant r a d ii0 These teeths he®evers ean be approximated satisfae=

■ fe r ily  -ly trapaz©idal: 'teeth®'^® "' ; \V. ;  ' ; '' " ■ ' "

The imiplaneg trapageidal antenna radiates a bid ireetional •

pattern® By folding the antenna about i t s ■a^axiSg i t s  pattern i s  made

■ Q ' . - . . . ■ • ■ ' '■ ' . ' . - ■
V •; A pair o f Z-^plane str ip s • inelined  from the x=axis transferm - ' : 

int^!^a :efmiangjal.af, spiral®...Mermally$ ■ ,  p@ri©.di@ :irari.atiins are {met: j  
needeS' sime© end eff@@ts: in  the equiangular sp iral are not appreciable®
• , , ^The teeth fa c i l ita te  energy, radiation thereby att@mmating. the '
standiag wav© ©f current at the antenna input ■ caused by reflection s from 
the end ®f the antenna© Thus  ̂ the teeth help eiimimate end e ffects  © •;
Eaeh tbeth i s  resemaat' ®ve?' its-. ©Pa part ;©£ the antemna^s bandwidth® . 
i t s  fesomamt £f  @.qiaem@ys th# currents ©n any particular tooth are-larger 
than thb currents ©m neighboring teeth© As the frequency increases w. 
;deereaee.S :f  r ©a-: resohahee^ th e ; ©mrremt ; i®©reas@s rapidly © ■ See ■ Eel® -Bell 
and’G© T o E lf ring g mNear»Fielci Measurements ©n a Logarithmica3.1y Periodic 
Antennaj,11 IBE Trans® ©n Aat® and Prep eg ¥©1© AP=8S ppe

■̂®EoHe BuHamel amd FoE® 0r@s “logarithm ically Periodic Antenna
ItesigBŜ W:.!®©®. e ita  . 1 , -  '{ V: • : . - -1 / ;



essen tia lly  unidireetional Q . Forward radiation i s  in  the positive i? ; 

direetiono/.

2a2 Design '

Ee Ho DaHamel and Fo Ra Ore investigated several trapaaoidal 

teeth9 log  periodic antennas for the- freqaemey range 0 G6 - to .&;KM©/so. - \ 

ielew  are the partiotalar parameters which they found to give a suitable : 

radiation pattern and an input impedance of 150 ©hmso The same paramet” 

ers were used in  constructing the 2««to»=»8-='ICMe/s antenna studied in  th is

thesiso These parameters are the 'foil©wing$

' ' . ' : ■ : ' /  V: y ' , 1 0 -  . :  '
: : - *„• ' (2 '?). ; @ 5S . 60 ;

. ■' V ' t  s kZ*

. V. -■ The size  of a log periodiG. plate (two plates- form an antenna) 

depends en tire ly  upon the design.parameters and the frequencies in~- 

volvedo The low er,cutoff occurs when the lon gest'tooth i s  approximately 

a quarter wavelength long® The upper cutoff occurs when the shortest 

teo th  i s  s lig h tly  longer than a quarter wavelength® A diagram of the

plates with a ll  dimensions i s  shown in  Figure So3® - . ; '

' \ . The log periodic :plate design of.Figure 2®3 was scribed onto 

the "blued" surface of l / 3 t  ineh3 sheet copper® Special ©are was used 

in  preserving dimensiohs and:smooth edges when the plate was cut from 

■th@ .©©fp@h®- ■ - Assembly of th e ; plates with a feed is  described: later^ , - ; ;,

v^ lb ida
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Fig. 2 .3  ANT E NNA P L AT E  DIAGRAM



although a photograph of the p lates assembled with the balun trans** 

former (mentioned in  Chapter !  and described fm Chapter 3) i s  shown 

Figure 2eke . . '



Fig. 2 .4  TRANSFORMER- ANTENNA ASSEMBLY



■ . ' : ’ . - §iAP,m  3 ■ ■ ■.

- TGHEBIGHEFP TAEE1S1 BALU1 fEAMSFORIiEl

3^1 Advantages of the TranBformer . •' ' . ■ '

• ■ ■ fke Tehebycheff tapered baltm transformer id e a lly  sa t is f ie s  the

feed reimireHiemts ©f the leg. periodic antenna o OonTentional power 

senrees arid laboratory equipment require 5@=otmis eoaxial eenneetions6 

. Since the antenna inpat i s  ohms s a transformer i s  neeessary0 Be*= 

sides the.'impedance transformations trie balmn transformer projects a . 

balaneedj, ' tw©=»eondaeter lin e  between the le g  periodic p lates ©f trie 

antennao- This avoids bringing a coaxial cable over trie plates d is­

torting the impedance and radiation pattern a t trie higher end of the 

frequency bando ils©  the balms transformer affords a rigid# symmetric 

and ©©rivenieBi .m©mnting f  or trie antenna p la tes e . .. " .

3e2 Besign . ... ' . . . . . ;

... : . 1 The Tehebycheff impe'Sanee' transformation can be designed't© ; V 

earnse arb itrarily  small refleetion s er  YSWRo The theory ,@f smeri a 

transf©rmation incorporated in  a balmn transformer i s  presented by 

Duncan and Minervao^9"^ A balma "transformer i s  a tran eitioa  frem , ~ 

.rigid# eeaxial cable to a tw©-8@ndnet@r lin e  of higher impedanceo The

" , .: JaWo Duncan and Y0.Po Urmerva# ”10081 Bandwidth Balmm Trans*-
,. former#w Tr&eo o f trie lEE# Yols 1.8# pp0 l56-l6i|.3 Febo s 196© a

The balun transf ©rmer Kras orig inally  e©neeived. by R0 Ho 
. DuHarolo : .■ ; .. . ■' : i . ;



©Biting away the outer conductor of the coaxial Gable such that the 

impedance matches a Tehehyeheff ©mrve at every point along the tran sit  

tiorio The Tchebycheff curve for an imp®dance d ifferen tia l of S0*=lSO 

ohms and a maximum reflec tion  c o e ffic ien t of 0oG55 i s  presented in  

Figure ■Sale The impedance.of the lin® with an outer;opening angles 

%$■ CFig6,i>eS|:s' i s  presented in  Figure' The opening angle as .a

function of distance along the a x i s . i s  computed from Figures 3el and 

3@3 and i s  presented in  Figure 3oUe

. Standard copper tubing was chosen for the. coaxial lin e  © Tk® 'I 

inner- conductor i s  0©25Q ineh ODj the outer eonduetor i s  Qe>62$ ineh 

OB with 0o031 inch w alls.g iv ing an IB ©f Qa5S3o The impedance of a 

coaxial l in e  i s  '

: - b;  :, ; \  f

wher® a is  the outer eonduetor diameters and h i s  the inner conductor 

diameters The above choice gives an impedance of %8 ohms for the 

coaxial lin es The two^onductor-line 'consists of Do250 inch; copper

. tubing# - The impedanee of a parallel wire line' in  a ir  i s  ' . '

5 ' . . % s  1:0 In (3>S)

where B i s  the separations center to'- center j,'"and d i s  the wire diameter©

V ' - -v; i

' B ^ 0 @125 S 0©h58!f (3®w

- Buhcam and ?sF© ^Hmrvas loco @it»g5pd l 6 l Q .
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Fig. 3 .2  —  b a l u n  c r o s s  s e c t i o n
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The semratie® '@f /a l in e

i s  ©ok58 ineh ©enter t© ©enter 0 : : ■ ■ ,

eeew s when; the length' @f the. i s : eqm#-1@, '

©ois-T® wawieagtho^ TM@ i@w@st freqtaeney' at whieh the transformer mmst: 

©perat© is  2©©i Ee/So. Simee the eorrespending wavelength i s  6 iaehes.s 

the transformation mmst- he extended ©v@p'a: distaae® greater than i©TS 

imehes © ' 4: ̂ length '®f ; iaeh®s y ie ld s  a reasmafely 'small deviee o„ ;yet

i t  does not .narrow the operating hand ©f the leg  periedie antenna .

(Fig© 3oS® ■ ;>v ' V

. I t  the point where 20' ® 312 s the enter eondaeter i s  a eoneave 

strip-© f;'width eqiial t© the; diameter @f .the ©enter @@mdm@t@ro " The im^ 

pedane® at' th is p©int - i s ;' 131 ©hms| 'axial positions %, i s  3 QS2 inehes©

Here. the transitien  .from the eoneave str ip  to a eylindrieal eemdneter 

id en tiea l to the ©enter, eoadmetor. heglns«. This .transiiien takes plaee , 

he tween the axial positions % = t Q@2 inches and 3 =>25 inches ©f the ibrans-”

. femero", P i^ siea lly  th is  i s  diffietiLt to  do in  sueh a short lengths The 

Tehebyeheff impedan©® @wv@ mmst he f@llew@ds ands a t the end @f 

transformerg' the tw@^#ada@t@r- lime a t i t  have, the- eerreet: spaeiag"1 

that i t s  eharae ter is  t ie  isipedanee i s : ohms © ’

Jo3 G©nstra'®ti©n : . ' ' V ; ' - . - : \

Copper tubing aboat © inohes leag  was used for the outer 

dacter-g -while th® inner e©n&et@r was::aS©mt 12 imehe'e ling® ■ The :6©axial 

l in e  was assembled msiHg a type GE 87%«iB e©nn@et©r0 The GE ©©nneeter 

is, advertised as having a ITSWE’ of le s s  than 1 9Q3 f@r frequencies below 

§ .-pte/s o ' - Howevers  te s ts  . described in  the next sectiem shew that the 

,eenn@©ter i s  acceptable f  or ms® with the baluE transformer' mp t© S KH@/s«
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la  esttiag  ■ the; halma taper's, a dewel: waa used® She. prwfO,® • 

.height o f the taper was geemetrieally related to the ©peBing angle 

©f the eater eendnetQFo A harcireod dowel was turned t© f i t  Into the 

eater ©©ndaetor exactly® fhen the dowel was: omt saeh that i t s  eross 

se©ti©n matehed the desired Tehehyeheff shape at every point® fh@ 

dowel was laserted  in to  the. enter ooaduotorg'and the ©©aduotor was 

f i le d  t© roteh the dowelo I t  i s  estimated, that th is process produced 

a taper of a tolerance of le s s  than ®o©X5" ineho /

Attaehing the qmarter=iBeh. tubing to the end ©f the taper was : 

the next step® The taper was extended slightiLy beyond the p o in t/  

s .» 1082 iBehesti, This ^extension was notched in to  'the q.marter=ineh tuW  

ing and s©ft=soldered0 The tubing was bent out sueh that the distance 

between i t  and the ©enterfcomdmetor was @ok?8 ineh9 center t© centero .

The transitioB from str ip  t© tubing and the bending of the tmblhg . 

should both he confined t© the same 0oU3=d.neh lengtho The author found 

th is  d if f ic u lt  t@ d© with the available to o ls  and extended th is distance,' 

by about f>®$s thus departing fr©m the Tehe^reheff impedance euryeo

Two polystyrene supports were’used in  the assembly® The sup^

, .ports were l /S  inch'tM©k with properly spa©@ds |==d.neh hole's fop. the 

©©mductorso One was placed at the point s g ■* 2095 inches $ the ether 

Was placed t. 3/&. inches - farther along the; axis and @a the twd^onduefor 

l in e  (Fig® 3o5)o These supports w il l  aeeessarily  cause small r e f le c t  

' M oaso. -' - . \  ' ' .

:H®asur®H®nts @f Transformer Assembly Refleetioms ' ; '' '

' The balmn transformer i s  designed - to  have a maximum r e f ie e t io a ' 

©©efficient of Oo§55o Howevers there are refleetion s ■ dia.® t@ the ' • ’



imperfections of the taper and the transition  from the concave str ip  

to the cylindrical tuhingi there are reflection s from the GE connectors 

the polystyrene supports and . the mismatch o f the laboratorys pÔ ohm ' 

cable t o ' the ijB-̂ bhm input of the transformer @ GoneeiTablys a l l  ©f the 

foregoing reflection s could add at some frequencies to  produce a. large  

VSWR in  the feed lin e s  to  the transformer0 Any maximum tolerable YSWR 

i s  purely arbitrary^ but the from the baluns alones eertaiBly ' ;

should be le s s  than 2 which represents a 33% r eflec tio n Q . .

The method for testin g  the transformer is  sim ilar to Beschamps® 

method® Here* the lo ss  co effic ien t was not measured; only the reflee-** 

tion co effic ien t was found® - The tEo-condnetor,lin e  was terminated in, "' 

a large copper sheet perpendicular to  the l in e  6 The sheet was moved 

along the lin e  to allow maximm and minimum YSWR to be measured, ©n a 

s lo tted  lin e  in  ser ies with the input l in e  (Rig® 3®6) e’ The two VS1E 

were measured at 300 Me/@ intervals ever the operating range* 2 to  8 

iEMc/s®. . From the. two ; a "reflection /'doeffioietit was calculated®

This re flec tio n  co effic ien t represents the net re flec tio n  of the 

transformer assembly minus only the second pblystyrene support® This 

support was removed to give room to the slid in g  sheet of copper 0. Re=* 

spits, in  the form ©f WWR. ( calculated from the - re flec tio n  coeffic ien t)  

are presented in  Figure-3.«?<> ■ ' - .'

Limitations of the above method l i e  mainly in  the measurement 

of the maximum T/SWR on the s lo tted  line® However* even errors as large  

as 10$ -in the maximum VSWR.measurement can cause errors of only about
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6% in  the resu lting re flec tio n  co effic ien t for the transformer6 Errors 

in  the minimma ?S$B measurements are n eg lig ib le» The other source of 

error l i e s  in  the damping e ffe c ts  of lo ss  .hetween the s lo tte d  lin e  and %

the slid ing p la te0 Th@; maximum ISIS which were measured a l l  indicate 

a to ta l reflec tio n  greater than 9k%° Thuss attenuation ( due mainly to ■ 

radiation lo s s )  was le s s  than 6$ and need not he considered in  th is  

f i r s t  order exhBiihatiena ,

The transformer produces a maximum VSIE of 1 o37 at two frequen^ 

eies© The possihl© error in  th is  value i s  expected to he le s s  than 6%o 

though a refined transformer would be desirable^ the transformer as 

tested  was used in  feeding the log periodic antenna described in  the ■



; , ' . ' ilBH im  m  M  m icra©  M B 1M •

Three basie types of feeds and their expected q u a lities are . 

discussed in  the f e l l  owing three sections o The f i r s t  'We- types, have ,; 

been tested  experimentally in  th is  thesis © The tes ts  and results, are . 

dteseribed in  seetiens Mth and h.o5o

'heli'.G®axial:FeeiSi,: , , v v

Antennas sim ilar in d es ig n  but f@r lower frequencies than the 

one tested  here are generally fed with direetly=«eonneefed eabl@o The 

antennas, being larges '"the presence of a small coaxial eable- has. neg li” ' 

gible effecto  The f le x ib le  eable i s  led  over one plate to  the tip  ®f' 

the antennae The outer conductor i s  attached t@ the f i r s t  p la te# and 

the inner sen due tor i s  le d  across the insulating gap to the second 

biatdc,' y \\. y  ̂ : ; ■ ■' :

The antenna tested  here i s  small enough such that a feed as des­

cribed above would appreciably change the physical shape of the antenna0 . 

D istortion in  .both impedance and pattern yould be expeetedo .. y-

Two coaxial.feeds Trere tested-experimentally in  th is  thesis®

As described in  section  hoks both depart from the above design in  order 

:to keep the cable as remote:from'the antenna p lates -as possible ® Both:, 

were' tr ied  with W® purposes in  mind® :

The f i r s t  purpose was to estab lish  a control feed  with which 

the baltra transfofmer feed (next section) eould be compared® The ' 

second purpose was -t© ^.diseover w$~ period!city which ®@Tald e x is t  i s .



•’ ' ' ■ , .M

. the quality of the impedanee mteho This expected periodieiigr i s

deseribed helew? v- ; >:

A l@g periodic antenna i s  am aggregate of a ser ie s  ©f ra iia t=

'lag elements whose frequency bands are ©enseemtiveo She ©ferall band"

' width ©f the antenna may be increased with addition of more elementso 

She re la tiv e  bandwidths of the elements are equal due t© the design ©f
.  . _ '■ ; ; • v  :■ : • ■. ; t ■■ ■ : ■

the antenna@ gaeh element*s bandwidth i s  inversely proportional t©

the design factorj, x $ discussed in  Chapter 2o A maximum standing wave

©f current e x is ts  upon the part of the antenna whose dimension i s  

approximately equal to a half-wavelength (the resonant element) 5, ©r 

where a tooth i s  approximately equal to a quarter^wavelengtho 

. ■ I t  i s  expected that the input impedance w ill  vary in  a eertain

• pattern over each element ' s bandwidth® This pattern should repeat ;, 

period ically  with the l@g ©f the frequency9 BuHamel chose the parameters 

1, to be ©e?07 #m the basis of some maximum allowable impedanee and rad== 

ia tio q  pattern variationo Thuss i f  log  periodic variations are apparent^ 

they should ;n@t W excessive in  magmitud® ®, : ' ' : ■

■ h® 2 Baiun Transformer-. Feed ■■ - f , .  ; . t ;

The advantages of feeding with a trre^onduetor l in e  projected 

from a balua transformer are discussed ia  Chapter 3© I t  i s  su ffie iea t  

to repeat that the object, in  using the.. transformer i s  to attain  a good, - - - ’ , - ' - ' •' V.' _ " & ■* - - ■ -r" - - -■ I , . ■ •

16 - v :'V . f  . ' i ‘' - /  - ■ v'. -
The re la tiv e  bandwidth i s  the highest frequency divided by 

' the lowest frequency in  the band® For examplea the bandwidth of the log.
. ' periodic antenna f  or frequencies^ f ' t© 8 KHe/ss i s  .8 /2  s  h (a M:1 band- ' * 

width)® . '
. 17 . ' , ■ - - - .- ■ ■ ' . . - . ■.

Relo B ell and 0®'T« Mfringj, l@e®- cito



impedamee mat@h ever the whele freqmeaey range8 2 to. 8 EJfe/se The - ■' 

bandEfidth &i the trams former .as deseribed in  Chapter I  sheifld net 

be., a lim itin g  faetorc 0ne: ;<iiffienXt. pbimt '©xpeet®d. i s  ,‘,atta©M.ng thi-,.; 

15©=*=0M S tw©6s@ondaet®r lin e  t©' th®'- antenna id,th@mt .distef’ting the; aa«=> 

tennars ispmt imp©daa@ee . ; V', : \ ; ' , ‘ 'v : ■;

:ko$ Prexiaity Feed ' ' : V.'

Pr©2d.ai% transmission lin e s  are used for feeding ladder - . ;

ahtenaas’a' . A str ip  l in e  is ' placed near the ladder elememts^ although ' 

i t  i s  insulated from the elements 6 A siiailar arrangement might be ■ ' / 

■■Sttitable, for feeding the, le g > perioiip  - antenna«, , % ffl@ nl^. w®T&'d,be ' -

:expected in  obtaining a s tr ip  lin e  rd-th the diverging nature required 

t© follpr: the antenna, plateso .PrexiBitj feeds ximrm not..experimentally '; 

investigated  .in th is thesis'o . ■ . v ■ ' .: ' ■, . •

, Be@@Kiptl@m of .Coaxial'..Arraagetemts 'and' Te§t. W s,# t 6 :;' ; :.v;

■ • ' . f®'® varrangements using '.@©axial. #able} were tr ied o  ■ .le ith e r  'proved

e n tire ly  .sa tls fae te ^ e .'-  .-The. f i r s t  i s  -shewB in  Figur®. kolao B§ S5/W'‘ 

cable was - fed  between the  p la te s  t© the t ip  ©f the. antenna © This ar«© •' 

ramgement"^hiblt®d wteh''-greater' # 1 # ,,thWm-,th® @xp#@t#d 3:1©' Tmt© rea**

■ sens are eiteds a sa tisfaetory  e@aaeetiu©a- at th© antenna t ip  eeuld net "■ 

be attained! also  the1 - available IS 55/W^t o^^pe^H sonneeters. were, net
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larger cable was msed to escape the eenneetor problemo The p la tess 

im th is case.'were aodlfied a s .deserlbed in  the:next section G The 

;©aKL@ was brought 1b perpendicular to the tipsV The enter conductor 

was s oft*=s oldered i© the t ip  ©f one plate s and the Inner ©eadnetor was 

led  across the gap and soft^soldered. to  the tip  of the other p la te» A 

polystyrene support a t the rear ©f the aatema held the p lates ia  their  

correct 'position» A ¥®”21B/W (type 1} connector was attached t© the 

free;.end ©f th e '@able»„ - 1 'v''" ' r ■

The experim htal' setup used t© te s t  the second coaxial &rrange~ 

sent i s  shewn ia  Figure h«>2o This setup i s  the same as used t© te s t  

the balun transformer with the exception that the antenna replaces the 

transformero The'setup i s  standard for th is  type of measurements and 

.'■aeeds;;a©;fiirth®r e*F^:8h».^©a>':’'''' v !. .. " ; " -

The t e s t  resu lts are presented by'; the so lid  curve in  Figure 

Ao3o (The dashed curve i s  the resu lt ©f a test,, described la te r s with  

the balua transformero5 Data for  frequencies below 2eS KHe/s and be=- 

tween toli and 6O0 KMe/s were not takenG Reflex klystrons for generate 

ing these frequencies were not available to the author a t the time the 

te s t  was madeo Note that in  Figure he3s superimposed upon; the graph ' 

i s  a distorted shape; of one side of a log  periods.©' plate® Back tooth 

of the antenna i s  aligned with the band of frequencies which has 

corresponding free=spaee wavelengths equal to h times the length of the 

tdotho Each tooth i s  tapered such that i t  covers a band of frequencies 

Also: a©te:; that; the'.:felative bandwldths of the teeth  are eq.ualo ■ ; ■,

Between frequeneies $ 2 and KIie/ss there i s  a small but 

d efin ite  correspondence of the ’tS’WR p lo t t© that of the superimposed
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in  exemplifying the, seed f  ©i* a more s@phistie.ated type, . ■:

ko$ ■ Daaeriptiom of Balvin Transformer Feed, and Test Results

■ A • t*re*eond»et«r .lime • prejee'te from the I 5§=#hm end of the balm  

transferror' @f 'Slapter.'.Bo.. The tw@"e@adi.,et@rs *r@ ■©'at ia©h@s frtBi.' 

the end ©f the region of transf©rmtion and beveled at 22%- to the g 

axis-o See Figure hollo The aatemna plates as deserihed. in  Chapter 2 

were then soldered to the beveled eads ©f the te© e.ondmeter Uneo A 

' y sr o ll  g#p .,.nms , l e f t  -at the tip@ Siaee @a@h: plate' Was imolined t® -;

," tram saissien, line, axis a t  a 22-i ' angle s the angle s s he tween the

plates was the ehosea h $& (F ig o  h o 5 a )o  The plates were

t ir e ly  by the tramstoission lime* ; ' ' .

■: . Again' the -Wperimemtal. #@tmp ms®d was that ef. Figure hoie, Th®'

: SM& eamaed by the transf oraer^antenna assembly were measured at $©

: Jfe/s in tervals throughout the 2<=»t©̂ S=5Cl[@/s band* The resu lts  are 

shown Tsy the ,s©lid ©arv® in  Figure ho6e The impedanee ■ mateh of th is  ■

■ antema deteriorates - eompletely raear and bel'ew kel Kite/®®. I t  was dis*  

esvered that %■ beading the plates toward the transmission lin e  9 th@ 

performa©® below hoi KMe/s was improved* Redueing the angle s $■$> : 

increases the ©apaeltaaee between the p lates and redmees the impedaneeo 

' - , ■; Sin@.® ’ it-was '’desired' not 'te- ©hang® the • major design parameters '; 

in  th is investigation® an alternate way. of reducing th® impedanee was
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devisedo The la s t  half ia@h of the. t ip  was bent parallel t© the axis ■ . 

®f the trans nds s i  ©n line'o The plates were them re soldered suoh that , 

the parallel tip s  were 00880 ineh apartG See Figare This ef«  ;

fee tiv e ly  mves the plates together "withomt changimg 1̂ 0 115©$, in

effe@ts a parallel plate capacitor' has been added, in  p ara lle l m th  the 

satenna plateso Tests resu lts of th is arrangement are displayed, by the 

dashed lime in  Figare ho6 o ' \

'. V  ' Considerable improvement was obtained izr the'lew  fr@q.ueney ■:

" performameeo The feed remined. aeeeptable d©wn t© the frequencys 2o7 . . 

Kle/so This i s  an addition of loh  Klo/s to the useful bandwidth ©f . 

the antenmao The sa cr ifice  required to  obtain th is improvement i s  very 

small0 At the high frequencies ( above 5 06 M e/s) the FS1R are only 

slig h tly  larger than those measured of the unmodified antenna o f Figure

, Test resu lts ©f the modified antenna (Figs ho5b) are also pre=> 

seated in ;Figure ,h»3: for hbmparison'to the te s t  resu lts  @f the eoaxial ; 

feeds. The variations in  eaeh 7S1R. curve are similar for frequenoies 

bel©w o2 KH@/@» I t  again appears that the eause of the variations i s  . 

the lo g  periodicity  ©f the antenna it s e lfo

A second modification was tr ie  do To determine the e ffe c t  o f ' 

the paralle l t ip s 5 te s ts  were made ©f the antenna of Figure h<s5oo 

'Without moving the plates 9 the p ara lle l: .t ip s . were cut-off* - Test resu lts  ' 

• in  Figure #*© ( dotted curve) show .fSWR whichs in  general^ l i e  between 

those @f the original antenna - and the f i r s t  modification* Again no sig=» 

a ifiea n t change was made at frequencies above 5*6 KMe/s*



V REgULTS AND eONGLUSIONS' ' ■ '' . - V v

 ̂ The -priBeipal .©'bjeeiifB. ef 'this "thesis; was to devel.op a ■

satisfactory  feed for; a leg  periodic anterma with particular design. ;, 

parameters presented in  Chapter 2.

■■ Coaxial'feeds-^and a . haina trsnsf©naer feed;-were',tried».::: l i t h , " -
■ v ..

' one coaxial ■ feeds i t  was f.etand. that there i s  seme ;lwg periodic varia­

tion @f impedance ®f th@; aEtenma.s though the variaMon i s  net exeessiTe 

I ts  exact magnitude' was not determined^ Since the impedance match us*»

■ ing ;50”ohin9 edaxial eahle was ..generally poar, . i t  i s  eoneluded that the 

coaxial ©able alone: . ' is :not a suitable feeds. ' . ■

The other type ©f-feed "tried i s  the balm  transformer© Using 

, th is : fe@d@ ' th e ' antenna asf mriginally described in  Chapter 2$, and one 

.important 'aodifiwatien were tested© T ests;:'#  the' original 'antenna' fed 

with the balmn 'transformer displayed VSER as- follows? . From the upper

lim it of the antenna band (8 Klfe/s) down to 6®6 Kle/ss " the iSIB r®” :.

maimed below. 2?1 | betwe®m" 6.©i .aad i}.®! KMe/s8 the VBWR was le ss  than.. - 

3o5 s l i  below iiol KMe/s<, the impedance match deteriorated entirely©

, ' With the improved antenna of Figure iie5b (the p aralle l tip  ;,

,, jaodifieatitn @f' Chapter vthe-'impedanee mateh at low

frequencieso At frequencies above h»l KMc/s$ the match was not ap~ . 

preeiably affected© Howdver> the useful bandwidth of the antenna was 

extended down from -ijol to  2o7 KMe/si ilthough the modification r@p= ,

■ resented considerable improvement^ a satisfactory feed whs net obtained



: , , \  ■  ̂ ' . -y;  ̂ : - : ;v:v :';y3s

; t® eever the intenied frequency band e f  the antenna ( t  i® . 8 ip@/s)e ' 

''/'Pabltitied resmlts are aTailable f©r a- sim ilsx antenna ■ f  ©r- frequencies 

mp t® 6: Ole/so t  , $h®: madlfied amtehna eeffipares fhterafely m th  -thes® ,

; .resmlts- f®r £reg.m@B@lei:; abore fc»I'KMe/s©: \  V. ■

The resu lts ©btalned in  th is  th esis  isere e©ntraz-j t© expeeta™

" tienso. I t  was expected that tremble w@mld be .isemrred at the higher 

V end e f  the band and n et1 at the lew er. end the baa'd© One possible . 

■■ies^ianatien' I s  iM t; tt iir  aaiignna;- emts: &£f when l ig  ;l@agest teeth. I s  . . ;

eenslderably itmget- than a quarter warelengthi y.This i s  ©©ntrary t ® . ■

. v information presented % ImHamelo®.® Howevers th is explanation, seems.

to be borne out h j  Ho 1© Bell- and Co T© E lf ring They indisated .

.. that appreciable 'eirrents' exist' ©a. t*@ teeth ©n either sid e  ef the .,

;:; '-.£@stoant' t@©th®v I f ' / ^  sld® @f. ■th® ;-r©.senbiht ■^bth''

' mis sing P adrorse effects'w 'epld be" escpeeted ( th is, i s t h e  da.W' hear 2 .;'.',

. lH©/s)e : This■explanation leads one t© expect trouble at the upper 

end of the frequency band also©. The impedance match there was good© 

^s.';fact..-teiids;'tbv:.d±s'cre'dit::tfee above explanationo Hemceg' a @@m«

- plet©ly sa'tisfactery expianatloh of ’ th@ mismatch', a t .' the. lower frequen=> 

d e s  is  not immediately evident©

Smlaaaei' and. -FoRo Or@p t8le g  Periodic Feeds for len s  

- . • RoLo .Bell and 6 ©To B lfrings lee© eit© " . '



.CHAPTER 6 .

sWQESTiom.POR pmTmm, s t o h

Further investigation  ©f the antenna studied here i s  nesessary 

f©r i t s  complete evaluationo Pattera raeasurements should, be carried 

out with the antenna as f i r s t  presented in  Chapter 2 and m th  the f i r s t  

innovation presented in  Chapter ito Other suggestions are that the 

bandwidth be extended upward in  freq u en t and that the balua be refinedo 

The siae'© f'the coax ia l,lin e  leading in to  the transformer and the s ize  

of the ttTO==d©ndu.ctor l in e  attached to the antenna both could be reduced 

eonsiderablyo . This change should, reduce any disturbing e ffe c ts  which 

the presence ;©f the feed has upon the antenna8s patterno Such a modi= 

f ic a tio a  i s  , absolutely aeeessary f  pr feeding .antennas of any higher:.. 

frequencies than the erne tested  hereo With th is  modifications i t  

probably .would be necessary to develop new methods ©f supporting, the 

antenna, p lates and to construct a eonstant=impedanee taper to be used' 

between the mew coaxial, lim e' and th a t of ,standard laboratory equipmento 

A -mere challenging problem i s  t@ ealeulate the input impedance 

of a log  periodic antenna from i t s  design parameters0 This problem 

might involve calcu lating the impedance from' the antenna8s transformed; 

three-dimensional shape in  log coordinates o A. suggested transformation 

i s  from the antenna in  spherical coordinates^ W(rsp3©)2 t© i t s  trans=* 

formed shape in  rectangular coordinatesa Z(xsy sg); where

: .. ' ' y ;=  -;: ' (6 . 2 )

39



am#-, ' ' ' . ■ • , : - % ^ B & : ■ , ■ '' v (6,©3)

The xy  plane’ i s  the same trahsforaation of r and $  -coordinates as 'V,: 

fsand'ih;'titopter yld;; The’ additiem $f -the th ird  coordimdte allows . the / 1 

antenna ■ td ; he, designed: eompletelj in, th e .le g 'coordinate system0 Thmsa ■:- 

the addition;©f the new dimension creates a new and more powerful de­

sign toel than the one diseussed in  .Chapter to ' . .

1 . recently published a r tic le  by Go Go E aglesfield  deseribes 

am - intmitiv® approach t© the - design of a ’baltmo •It might be in te r s  

e@#mg' to, compare E aglesfie ld fls balmm̂  (-when ®mple’d # ith  an impedanee 

transformation) and the balBa transformer' of Chapter 3 fo r  'their1 '•' 

relatiTe merits as feeds to the log  peri©die antennao

GoGe Eaglesfieldg ®H©te @ri a Baiuns . Solutiexi by « 
Tapered -Potential^'» :fr©@o of tb r  XEBa ¥©lo' k9a ppo IM -S lli’
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APPENDIX

DETERMINING THE REFLECTION COEFFICIENT, p2, 

OF THE BALUN TRANSFORMER USING A SLIDING SHORT

T R A N S F O R M E R

SLIDING S HORT

Ê  » incident wave*

Eg * /Jg * wave reflected  from transformer (T).

Ê  * /D̂  Ê  = wave reflected  from short (S)*

P?, P3 9 reflection  coeffic ien ts of T, S.

X * free-space wavelength*

nAt any frequency, when I  i s  -^-X , n = 1 , 2 , 3 . . . . . .  , the re­

flec ted  waves add causing a maximum VSWR equal to Smax When jl is
2n -  1 X , n * 1 , 2 , 3 , * . . . .  , the reflected  waves subtract causing a

minimum VSWR equal to Smin*

 ̂ ®1 + (B3 + Eg)
S®ax  = -  (E j  + E2 )

O _  E l + (E 3 -  E g)
S®in  X '  -  (^3 -  4 )

1 +

(A.1)

(A.2)
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