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'Aostfnct ’
Co Thc initial tranaient reaponse of atraight wires connected to coaxial‘
'""{llnes is studied theoreticany for the case where a pulao is appued to tho co
nxial uno. ‘The wave form of the return pulse h first found approximately
o for the casc ofa pulso of zero rise time. Since this does not correspond to
,any fcaaiblc cxpcrimcntal situatxon, the effect of aﬁmte rise timo is consid-

- ::_.orod ri.n dotail, -;Numorica.l rcnults are obtaivnod Ior soye:al special cases,
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L lntreducti'en’,“ o

in princlple, the prepertiee oi e lineer eyetem ean be completely epeci-

B , v_‘lt‘ied by giving its reeponee at ell real irequenciee. The reeponee of eueh a eyetem L

. ; to a given input may then be determined by the principle oi’ euperpoeitien. ‘In, f

ipractice, hovrever, thie procedure may not be etraightlorward, either becauee the -

E ,,jfrequency reeponu is lmpert‘ectly known, or beceuee it s not convenient to carry o

“out the necenary calculation for the linear euperpoeition., In the case ef the _
" ’problem of the dipole antenna, the frequeney reepenee hae been the eubject of in-
B ‘veetigation for eeveral decadee, but relatively little is known about the traneient ; ‘
‘behavior. »Fer the idealizedprol:lem of the ini'inite dipole driven by a delta- |
'bf ‘i'un:ction generat’or, the eo:lution can be obtaineti explicitly. 'I'hie eolution unfor=- -
rtunately cannot be checked experimentally, becauee in virtually every experimen-
.' tal eetup a tranemiesion line is involved King and SchmittZ have meaeured and

: ','computed theoretxcally the effect of the coaxial transmxsexon line connectxng the '

DA antenna to the gcncrator. The experxment was a rather dii'ﬁ.cult one, and probably‘ ’,

:_«mll:be repeated eo_on., In view of the expenmental inaccuracy, only an average -

-1




. _"reﬂectlon coomcient ie calculatod thoorotically 'rhere in an ambiguity as to how o
. thle averago lhould be taken, but it is tound that the relultl ot taking different e

: averagen are quite close to each other, and are in good qreement with the meuure-

| ments, | |

Wlth the help ot a hlgh-lpeed oecmoeeope. it seems quite pouibh that the

e iaecuraey ot the meuurement ean be lmproved algnifieantly. With thil pouibility e

- n mlnd. lt ml)' be arzued that an averﬂl‘ r‘ﬁ“u” °°‘m°““‘ is no 1“‘" ‘d.' :

o e quate in dueribing the reeult of oburvation. It therefon gh. purpo seo ¢ thu e
- Vpaper to etudy in greater detaii u\e problem ot the linear antenna connidered by
"”""‘""'King and Schmitt. 2 -

In connoction with the prohlem oi the [rcquoncy responne ofa linear an-

‘ tenna drivcn from a coaxial lina, it has becn nhow-n3 thnt toa good approximation .

: when the wavclcngth is not too small, the apparent terminal admittance can be de- -
compoaed additiveiy into two parts, one being characteristic of the antenna and in-
dependent of the dimeneiona of the tranamiuion line and the other being a freque'ncy-‘ ',
' independent capacitance In the experiment of ng and Schmitt, it has been found

| that the effect of this capacitancc is at least one order oi magnitude too smali to be _ r

it i‘.detectable 'I'he apProximat:on is hcncc made throughout this paper that this

o capacxtance can be neglected Indeed the calcuiation becomes immensely more
: ‘_ comphcated w1thout this approxzmatxon Moreover, in the treatment of King and

" ;'fSchn'utt only the case of the infinite ante'xna is conaidered this approxzmatxon is

: ‘,"_a.lso retamed here Physu:ally, t}us means that only the ixutml behavxor in t1me 4

k't’“fxs glven correctly by the present theory In v1ew of these assumptmns 1t is felt ‘
'Sthat 1t is not rneanmgful to ask for expresslons of great accuracy, mstead the pur -

»\ ”pose 1s to flnd formulas tha.t are rela.twely sxmple and are yet accurate to perhaps i

. e several per cent The geometry of the problem is shown in Fxg 1 ;‘ e R
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2. Formulation of the Problom

Lot 1 denote thc currcnt on tha lnner conductor of the coaxial llne. thon

o for a pure TEM mode thc inc!dunt curront {» glvon by
gine (z.t) r"“(: -/c) T (z. u
S ;where c h the velocity of ught. It ln auumed that fmc hn a Fourhr raprc- A
‘"j.'lentation | R | o B
f‘nc(t) (21)',‘ S duF(u)e f ST, (22)
If T(u) is the reﬂection coemcient at the frequency w, then the rcﬂected current
refzg sy, 0 @3

where
| "‘() (Zw) S‘d“ﬂw)ﬂw’ev N T o

) Moreovcr, at z +-00, thé total currcnt on the mner conductor of the coarrral

' ‘line approachcs Ii _ Iw£ It has becn _a;sumed vthat _only the_TEM mode . |
Propagates . " , - | : R ( |

Let. Y(w) and Z(w) = [Y(w)] be thé‘ épg_’aréﬁf te‘rrn‘inavlﬁ a‘tdm_i‘ttancé'and’“ S

'Iynmpedance respectxvely Let ‘




',“gfbe tho choractorhtic roulaumco ol tho coaxia! uno. whoro CO ll the chnracterhtlc
lmpedanco ot‘ free npnco. Thon | | | |

T u) = [R - Z(w)]/[R +Z(u)) E (26)

| If tho trequency lndopondent capacitanca h neglacted, then tho opparent |

"v,:itermlnal admlttancc ln glvcn by 3 B o |

Y(u) . zxkc -1 S dc (c - kz) ‘[y tn z(k" cz --}:u]l 2.7

' i wherc k 2 u/c Y la Eulor'l constant, and the contour of intcgratlon co is uhow-n
in Flg. 2 As pointcd out beforo,; there is an ambigulty in (Z 7) due to the zeroes

B of the quantity in the brackct at + [k + 4 e ,ZY 2]2 this amb!guity h of no : v

| .consequcncc horc For the prcscnt purposo, it is aumcient to expand tho in-

 tegrand of (2.7) in powers of in (ka). The two lcading tcrma are

Y - ziéo"‘; {-[m(-}ka) +v ;f%_wil"ftaz['&x%ka) +Y -%ﬁ. l'z}- o

‘Therefore E o | | K | | L
Z(w) /=’(Z:w)">l‘ Cro fin (Iv;‘h)‘;lfin't% wi] ; | f ‘. p ;:‘(‘z»,"s) _

'; .Thxs expression is also.used by ng and Schmxtt 2 v - »

; The t'ollowmg property of the rxght-hand sxde of (Z 8) is of paramount

B ‘1rnportance here So fa.r w has been consxdered to be rcal and (Z 8) is obtamed

- ‘on thxs basxs However the rzght hand suie of (Z 8) can be analytically continued |
‘ k__mto the entxre complex w-plane except for a branch cut along the neganve

w »:dmagmary axis, and moreover th1s ana.lyuc contmuatxon in the cut plane sa.t:.sfms




et e
| L e g (-u) a z(u).- e (z 9) 
: _‘where the nterhk denotei complex conjugauon. In gcneral the real part of a
mlcrowave lmpadanco mult be non-negatlve in tho upper h.u plane. Thh h not

‘vuthﬂed by the rlght-hnnd side of(Z )when :

For many réaic}nbs’ (28) mult b:eak down -when (Z;‘lo)v}ﬂ\‘bldl.’:"I"h‘e‘px"'e_unt‘ con-
ilde?adon is meaningful only when the contribution from the region (2. 10) is not
1 _"61 linportanc‘e | _ | | B s |

In the next two scctiona, tha reﬂected currcnt is to be obtained approxi- R

. matoly on tho basis ot (2 3) - (Z 6) and (Z 8) for two dif{crcnt cases of incident

- currcnt




[ 3.;7_:'6536 of a Sharp 'Sto'p. o
ST 7 Inthis sectlon, the case is considered where

for t> 0,

SR e tle. @
v '."H"’;" the :ef}eét@d current is 'iiven interms of |
el TR
2n (ka) -Lnl(b/a') -.Yle’_i

l.reftﬂ, i(2 | P al-ys . 3'3
‘u (20)" c{u we &n(ka)“#n-‘(b/a')-ﬂ%rr 63

e whore the contour of intcgration Cl is shown in Fig. 3. A°°°fdingly o |
e - R :_ S f’ef(g) = E e ‘r - (3.4) 5
R ,ro”r'e<o,:and | | ' - o o

P (t)=-1+ S‘ dx ,-xt lnc(ai -ln(b/a'l Y+wi ' {nlﬁ‘(’a*tl"'m@/an"?‘*iv
FE ) ox |tmeter H.n(b/a) = anax)f‘unc:/af‘)-y‘-n‘

e . "'.fqr t_> O It is convcmcnt to deime B - - R ST
L e, (e

\;vh'ich:playvs“;t'he_ role of #'qﬁaraqterlstxc time for the present i)fpb‘l’ei{).'""_lf. '

ey, s




I "f‘:"rnm e 'f_ff o ', -:.'7;'_:*:* S
e thcn, nttor a chnngc of var!ablo, (3 5) mny bo llmplmcd to tho form

. ‘rcf“)' -l +2 Ln (b/a')é’ x.[ dx o-x'f“u”‘ +Y)z j+ '21 -l " : : (3.8’ L

Equatlon (3 8) lo valld only for ¥ >> l, In thh rango r.he rlght-hlnd side .
woe f’ol (3 8) may be evnluatad Approximatnly an follown. Slnce it 1s known thlt

RIS PSS M

an’d‘ eincc 'ma factbr [(ln x y)z +w2;] fl in tho intcgrand of (3 8) varies rolativoly

llowly. (3 8) may bc approximatcd by
RS | r’°‘(g)=-1+z 'Cn(b/a) g x dx[(-(.nx rn2eedt. o)

..

| ok e o, YO 4 S ;

 An clementary intcgrat‘ionysi"“v' fort> 0,

g i g Tt

S frc‘v,(t) =-14 Z w';l,{.n (b:/a'):[%w -V-kt:mil *(w'-,l. Cn '1' )] . ‘_("(3. ll)‘_ ’
Equatmns (3 4) and (3 ll) iumish thc dcsired answer to the special case ‘
T o under consxderatxon ' .

Equatxon (3 ll) is vahd only when T >> 1 Herxce no iriformafion ﬁes 'been

Aoy, e B B ity o TR e AT N

obtamed when t is small or comparable to the characterxstlc txme to The be- , o ]

f‘havmr of the reﬂected current xs expected to be rather comphcated {or such small o

t , smce very hxgh frequency components play an xmporfant role 1n thxs range Thxs

"‘;'_15 perhaps to be expected from a companson thh the 1deahzed problem of a.n ’




»V'ma?o " Ll
mfinitc dlpnle antenna drivcn by a dclta-funct!on gencrator. 1 On tho one hand, | .‘ |
g - . tharo exhtl no known way to treat theu very high-frcquency componontl theornti-‘ -
. :ca.lly Ior a. linear antanna driven Irom a coaxlal lne. On tha other hand, ln an
E i . ;tlctual exper!ment, thera h a flnlte rise time for the lncident pulu anyway, and
| o ""',_henco theu very high—fraquoncy componenu are not pranent. Thereforo. lcr the ’
- | .purpou ‘of comparlnon with poauibla luture experlmcntal results, it hl more in- _
" ftareoting to ntudy the effcct of a l!nlte riu t(me. A particnlarly aimple model is !

o - : . : ‘treatad ln the next uction. _
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. Hence

B :A’sani;'i:ax-_’;e-s.”o :

“f(t)— ’ 1(213') S‘du[—-____f, ] [

'I‘o dlnunguhh tha varioua quAnuuan that appoar in uu- noctlon trom thu R

-corresponding onec in Soc. 3. an nddluonnl nubacrlpt 1 1s used hora. In(ho

; vpreunt calo, tho incldont currcnt h givon ln tcrmn ol

-0 'utl for t > 0 .

| "/"',(;4,.,1‘). -

: -‘Iort; < 0 ’; . .'

- rltu) . l[u -(u+ltl-l,4‘]:_':_‘f’ 2
Throughout this séétioﬁ. ;it]ié,?u,rther assumed tat e S
R T

The ‘x."e'}flccté’d éurr‘x'-‘(.m't‘ is g&en in,ﬂ-tt‘:fms'o'f‘ & :

) oy ln(ka) -Ln(b/a') Y+iei V-
rci -1 ) A U -t I
t) = 1 2x) -\ d preie o _ 4.4
” () & 9‘[9 Qﬂtl' ] e; Ln(ka) }Ln(b/a!)-y+zr1 ‘ .

B I T

‘Since theintegrand in"(4‘.'4)fivs unbounded near 'm"= -i ti'l . it ‘is"moreb °°n"’e?1.i¢{1‘tf¢?:v

“m;”;‘ke:vuv'sé_ §£ (4. 5) a_fid re\virri'te-k (4. 4) in the form

oty nparlotaba) -vadel

-mt

LGy wiity 4'vn(ka\) +4n(b/a) Y+%n 7

(4 6)




’ In thla [ogm, gho proccduro of Scc. 3 may bo follow«l to ylold nuccouivoly. fot o
N I | e 1l 1 _ =%t -

lnc(ax)'l &n(b/a‘) y+1rl lnc(u) ‘- Cn(b/l') -Y-wi . “ 7)/ " s

nc(ax) 4en(b/a') -Yaxl  tnclax) +Ln(b/a)-y-wl

AT = ey a2 tn(b/a) {ax Ix e xem Y e e "1 mnx+vf+ 1"

(4. 8)

1 ln completc analogy with (3 5) and (3 8) | ; e
’I’ho approximato evnluation of the right-hand sidc of (4 8) is bascd on tha
’ same idea as bcforc, namely on tho obucrvation that the last fnctor in the intcgrand

‘varies rclativcly slowly Let x, = xl(t tl) be determincd by the condition

S { ot n“) ‘H""’-J”"l -m-;*'n]}

CD

S dxlx -(x-f",),‘l[ T '.r L 49)
..1 Y . - . i

e tbars oo e e 89508 4 i

R f, *1

LE
St
S
:
S
L
S
SR
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£ ":’rhon, for tz_ O (4 8) ll reducnd approximately to R

: ':_,:lr,"vfm ,’.u-’.,':?ﬂ frl) {“-zg ltn (b/a')[ w-tnn (w l,nxl)]} "*:_"»’(4'." IO)_‘

T '.Equationl (4 5) nnd (4. lO) furnhh the doulrcd answer, it only rcmalno to ﬂml xl S

In ordar to almplify (4 9). lome propertlal ot the exponent!al lntegral

_;lre naaded. Generauzing the notauon of Jahnka and Emdo‘, l,‘ et SR
TR { e K TR

_ :rbe an analytlc function of the complex variable 2 \with a branch cut colnciding"‘, o

with the ponltive real axin. Alao let

- nw a_n,s;'(;»,"" "

B

ok 5 b e
Eifx) = {P) S-!’le_‘dg ,
o - '
‘whcre (P) dcnotcs principal value at g a 0 With thls ﬁqta’tiot‘l. (49) canbe o
A Writton as oo ' ' [ o
-‘** (/1) =e  antm/m)re  [Ei/m)-y]=0.
and hence

| This completes the solution. =




Tnzvo .12- |

It may bc ot somo 1ntorout to conl!dor bricﬂy two extrcme cauu. El (x)

T ;may be cxprcucd altcrnatlvcly an S ‘

E'l(x)-e lnxl-? gdg og m g
. fHence Ior x << l , E'l (x) ia approximately
'El(x)-tnx*y +:. L
| _‘Accordlngly, when T << 71 , (-l ll) reducen to :
) ..xlf'»frla . )
: Onthe 'oiﬁef'hand, when 75> ‘71 ,
gere S e

’I’hua, for t >> tl , the reﬂectcd current is euentially independent of tl , a8 may
’ be axpected | ' '

In view of (4 lZ) and (4 13), a rough approximation to the rcﬂected currcnt :

. '-'xs gwen very simply by puttmg x) = = T or

fmréf“)ki(lb.-‘-eij :’° (e) R (RN




R X ‘Nu'morl,c‘xu"nasuu...nhd"'bi'i.'f'c‘uga‘xon‘ o

A quantltattve ntudy of the propertleﬂ of a pulue refleeted back !nto a

| ichrfectlv eonduetlng coaxlsl uno trom tho junetlon botween the une end a mono- o

‘.”f'pole Antenns ereeted vertleally over a ground ncreen lnvolvcs at leut ﬂve peram-y |

._‘.tefl. Of theu three, the redlul a of the nntenns, the redtuu .l of the hm" »;‘i
seonductor of tho eoaxial Hne. and the lnner radluu b of the coaxial nhleld are B

: vcontalned ln the eheracteristic tlma to n n'/bc where e ln the vﬁloclty of tht."'
'rhe tourth parameter is the rhe and deeay tlme t1 of the puhe if it h auumed S

o that the rlne end decay are identicsl functlons ot‘ the tlme (1f this neumptlon h

10t made. an addltional parameter is required ) 'I’he fifth parameter is the duretion

- of the pulu -T

A convenlent rndlun for antennas in a variety of measurements h an~ 3mm .

o the rntlo b/e' !'or the eoaxial line is taken to be Z -— correspondlng to a char-

acteristlc resiatance R R 41 ochms — the characterhtle time t ao defined in

\ 0 °
-12

(3 .6} is only about 5 x10° leeond:.’ This is an extremely short time for mlero-

'wave measurements. Indeed a pulse with a rise time much less than 10 =10 seconde v‘
"d‘r"is at present dif[zcu!t to obtam. This means that t /to = ‘rl 2 20 unless an antenna
’ ythh a radius that is much greater than 3mm is used in the: experiment. Therefore, -

the conclusion xs reached that the pulse shapes and amphtudes determmed in Sec 4 for

. ixmte rise txmes should correspund much more closely to possible experimenta.l |

situations than those obtamcd in Sec. 3 where a sharp step is assumed For

B |

' ",compamson thh measurable results xt is certam that a pulse w1th a fuute nse

;,_t1me a f1n1te duratlon and a fmlte dcca.y t1me must be used. Smce the problem L o

:;.13 hnear the 1nc1dent current 18 of the form

e -r‘“(t “le) f“‘c(t T- z/c) B T




gty w9 g b .+

- rectangular puhen I

‘and

reglon of dccay 15 1n61uded SR

" whcru I‘ (t) i- glvcn by (4 l) and whcre it has bcen auumod that tha decay of tha i

- ',pulno h tho .amo as tho rlna. If morcury -w!tchos nrc uscd the parucular {orm
S (4 l) h probnbly a bctter approxlmnuon for the rinc thAn tor thc docly. - ,
' For purposu of comparhon graph- of the incident ahnp mp ‘lncm as o

v‘.'deﬂmd in (3.1) and of the gradual mp t‘”‘(z) with xm um. 4o a.mml in

N 'v_}(-l. 1) are -hown togethor ln Fig. 4. In the nma ﬂgnrc arc aho nhown nhup

inc

) ':,1 “ glven by Ilnc(t) 'rheu pulnes have the forml S

R Y Y R | (5.2)

'where T is the duration of thc pulue. 'I'hia is auigned the values T/t = l,..,5 and

10 for the gradunl pulse. 'rhc same values of T are uaed for the aharp pulse to

. tacxlitato comparison. It is scon from the [igurc that with a ﬁnite rise time tha |
v’incident pulae ls not ﬂat on mp unlcsa Tltl cxcccda about 5 .

Phyaxcally such an incxdcnt pulso consists of a conccntration of positive (or

EE ,ncgativc) chargcs that moves outward on thc coaxial une with thc velocity of hght

.‘.c if tho dxclectric is air and pcrfcct conductors arc assumcd Such a moving |

o conccntratxon of charges constxtutcs a currcnt I(z t) In a sharp pulse the charges_,

- are confmcd toa physxcal pulae length u = c/'I’ in a gradual pulse of the aame "

" f:’duratxon thc chargc conccntratxon actually extcnds over a grcatcr dxstance if the PRR

(t) and puhen with ﬁnite and equal riu and docay timu o __ff

"."x’{"‘m :‘""‘m-x‘“‘(z 'r) R 6. )

i s, M kgt R oA AR W g
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. oF.

,fl»decay.'

. »has been imposed in the derivatxon, this formula is not a good approximation when .

m37° v-.xs'.f

When nn lncident concentrat!on ot' po-ltlve chargel reachee the Junction be-*"; .

S f,";tween the eoulal lino and the entenna, a tranemltted concentntlon ot chargee S
| 'trnveh eutward on the nntennn a renectod concentrntton trnvele back along the E _
o :v,coexlnl line. It is this mm that is givon by z""(:) n (3. u) or t'“(t) in (4 10) . -

. f.when the lncldent elgnal h a oharp or a gradual ntep, end by

(‘) fre t) . ‘ref(t 'r) 8 B “ (55) |

' when the lncident elgnzl h a aharp pulne or a gradual pulu with ldentical rise and ‘:

Coneider f!ret the reﬂectien for an incident llgnal conehtlng of the eharp :

| ltep f‘ (t) as deﬁned in (3 l) Phyeically thln correepende te a unh’orm con- 5

| centratlon of pouitive charge per unit length advanclng along an uncharged coaxial ‘

| une with the velocity of light, When the audden rise in charge per unit length from
B éma toa ﬁnal'valne mcaa. the end of the line, the transmiuion of an outward- B
:traveling elgna.l along the antenna. and a renectcd signal back along the line beginst_

| «,-?‘The reﬂected disturbance is given by (3 ll) However. aince the restriction t »t

‘o

T is amall The rcﬂcctcd pulsc must, of course be observed a.t a great distance

from the antenna. Smce the nature of the reﬂected disturbance depends critxcally. =
| BN |

~-on the characterisnc resxstancc R = ‘Cn (b/a ) ‘of the coax1al lme, lt 13 L

2w

7. ”convement to u.se th:.s as the parameter in the numerical cvaluatmn of (3 11) m the .

. alternatwe form

et s S dbestdny
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6

X “;‘L Curvee computod Irom (5 6) are ehovm ln Flg. 5 . The range of R ll from 50 to it
., 285 ohmu. the radlu- a of the entenne le teken to be 3/16 ln or 2. 38 mm . )

lZ

- f-*'When R - 50 ohmn, the charactorletlc llme ist = 3 45 x lO eeconde.

0

When a eherp etep of chergee h lncldent upon a termlnatlon euch ee en

entonna the rcnectlon obuerved back on the line in an lntervel T muet be the

T f came u l‘or an lncldent rectangular pulne ol‘ duratlon 'r . Thle le a consequence L

~ot coueallty together with the llneerlty chuecterhtlc of the problem. Slnce e ‘

ehorter pulse contalne relatlvely more hlgh-frequency componente ln its epectrum,

o the lnlual behavior of a reﬂocted pulee ie dctermlned prlmarlly by the clnrecterle- |

. tlce of the junctlon at high frequencloe. fl'hln is of particular elgniflcance in de- “

:'termlnlng the ehape of the reﬂected elgml elnce the lmpedance -of the entemu -
' ttermlmtlng the llne le a x'unctlon of lreq_uency. e , ‘ ‘

. The lmpedence of an inflnltely long antenna ee glven ln (Z. 8) decreuee ee

' the frequency is increeeed. If auch an antenna (or an antenna ‘of finite length

" insofar as the first reflection from lt'c'bteue is concerne(l) fermlnetee e'co.axi‘cl line -
with a given cherecterlstlc resistance R_= 50 o'hrne thecurrent-'-reﬂectlon coef'-' S
- :,  -'flclent tende to be poeltlve for the hlgh frequencies and negetlve for the low fre- B

f.:"?qucnciee Hence, unlous R is very low. the reﬂection of a’ eharp etep as lt )

,’arrxvce at a point along tho line bcglns with a posltive pcak Thls decrcaeee in '
amplitude for Iatcr tzmes and eventually reduces to zero and becomes negative as

i.the low-frequency cnd of tho signal bccomes dommant

As the mcxdent concentratlon of posxtxvc charges rcaches the end of the T o
'.,,“v#line, xt contmues out onto tho antenna with an incrcased magrutude whxle a. compcn-’k"

| ""jsatmg concentratxon ofncgatxve cha.rges travels back along the line to reduce some- ' ff:':

c .'what the constant posxtxve charge left by the mczdent stcp Notc that ncgative

PR e B S P, T e T T e
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© 'FIG.5 REFLECTION f™/(r) OF INCIDENT SHARP STEP. T=t/t,




' 5‘1',"1'11370 B ,'-"1"?"-777 |

: "chargu movlng back nlong tha llno conlmutc a po-mvc current It h uen in

| Flg. 5 that the roﬂoctod curront h polluvo tor all values of R z 50 dur!ng 8

» “lumclently |hort inmal pe:lod The lmnller tho Rc . tho -hortor. ot couru, h thh ‘
n i‘.vporiod | '

Owlng to thc uncortalnty in tho lnmal value of f’ “ (-r) it h not converdont

7 1' to conntmct a reﬂectod pulu l ('r) by auperlmposlng tho ronectlom f“l(‘r)

- v;:’:‘nd .r’ ‘(1 'r/to) trom wcceulvo incldant ntepn. '

Compuuuonn to detarmlno t.ho renocted llgnal x‘r (t) for thc gndul ln- e

| cldcnt ntep an& I"‘(t) fr o t) - fr °‘(t 'r) for tho gradual Mcidcnt puln hlve

_been carried out Ior two somowhat diﬁerent lats of condlticnu. For the first nat

~the tollowing data (correspondlng approximately to an experlmcnt alrcady reported)z o

fwcrc used: n 2 3/16 in 22,38 mm and R 2 50 ohma thcac correspond to

12

t,. = 3 45: 10" mcondn. * For Lho rluo umo. the valuc t 2 l 035 x lO 9 neconda

0
“for T 1 = tllt = 300 approximato- that ulcd ln the cxperlmcnt Curvu of fre

" and Iour different reflected pulses f"‘(t) - !‘n (t-T) with the pulu durntionl

- T"x = 1,2,5 and 10 are shown in Fig. 6 . Note that £;° :) and 1) reumble, |

7 reupectively, fmc (t) and I (t) 1n Flg. 4 . O\ving to its rathor long riu time,

N f_'_x,tha pulse does not contain many very high frequency components, so that vdth tha ‘7 :

| ,'°" . The coa.xial lmc uscd in thc axpenmcnt had polystyrcne (¢ =Z 45) as diclectric

’ 'f‘instead of air as assumed in the theoretical derivation It is rcadily vcriﬁed that if .

 the charactcnstxc rusxstan%e of the line ia thc sa.mc thcre is no change in t whicP

o f;ls now defmcd by to =22 )" whcre u = f—r Smce R C—Q- Ln - =C l.n (—1)

c.’b. o1 fr

: _‘ _;_.1t 15 clear that for any glven R the quantlty (-r} is a constant indepcndent '

A of the dxelectnc constant
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' :’:*v;}charnctorhtlc rollstanco R, - 50 ohmu ot u\o coaxial Hnu the lncldont curront

- h rctloctod with a nogauvo -ign. The muxlmum valuo of thn mcuurud reﬂoctod .

:‘-p“l"’z“'“h R0 9"‘?' »3x10 9-ec.a-3/16m and R_ -50ohma.wa- S

0. 72 Noto thut thin valua h in good Agrcemnnt with um maximum for T,tlnn 3
- as uon from F!g. 6 .  o | | . | R

Vory lntnrnaung rcsultn aro obhined wﬂh a sccond ut of condmonn in whlch

the e[tact o{ changing thn radmn a' of the irmer cnnductor ( amd henco tho chonctor- ‘_

' khtic ruintance R ) of tho coaxial llne is atudled tor :m extreme\y uhort rise ume. |

i - For the antonna of radius 3/16 in = 2.38 mm used in lho prevlous casa, tha rlne

-10

time uscd is tl 2 0 69 x lO second (For a somewhat thicker antcnna vmh

10 aecond ) Let a'

. a = 3 45 mm the nme rcsulto apply to a rise ume of tl = 10"
fand, hencc. to be varied in surh a manncr that with 'l , '3 | and b ﬂxed. Tl at /t
' .has thc \aluc Tl —1.0 50 100 , 500 1000 ‘These correspond to R = 50, 105.2._ »
 146.6 187 243 , 255 chms. Curves showing f""(:) and 17°(t) with T/t =1,2,5 |
“and 10 are given in Fig. 7 for each of the five valuesof 1) or R_. A coi’npoaito
auperposition of all of thest' curvea in Fig 8 is useful ior errah comparlsons. |
A study of the fxve sets of curves n Fxg 7 and Fag. 8 showa that for the

L low characteristxc resxstance R 50 ohms the shapes of the renected pulses are

.vi,"‘quito slmilar to those i.n Fxg 6 where the rise time is 15 txmes as long. They are

a also very much like the mczdent Pulses shoWD in F18 4. The reﬂected current '

A pulse is negatzve for R 50 ohms However, as Lh= value of R is mcreased el

: , the m1t131 fau-ly rapld nse begms wﬂh a posxtlve rather than negatue peak that

B corresponds to a. concentratmn of negatwe charges travelmg back along the hne
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: ‘Mter tho ponitlvc peak ¢°m" a Mlﬂu" P“k whlch lndlcntu that tho concentntlon
ety of negative chargn h followcd hy l c°ﬂ°°ﬂ*rlﬂ°ﬂ °f P°'m" d‘“l“' m' b" -
| "'hav!or is in complcto lgreemont with ﬂu urlhr dhcuulon ln conj‘““u“ with S
“;]rlg. S . In ordor to oburvo a ponmvo roﬂoctod currme cxporimonuny l P‘ﬂ” |
"v";:-w!th a vcry ahort rlne tlme and 3 um with a tairly hrgo valuo ot R are re- i -

Acknowledx_ entl L

R ’I’hc authora are indebted to Prot H.J. Schmitt Ior valuabla diacuulom

o and to Miss Dxlla Gooch for carrying out the computationl. '




g

- 30

" Referencss

T.fr. *fwu, 3. m;my.; z 892‘(1‘961)’,
;R W P King nnd H, J‘. Bchmm. 'rum. mn (to ho pubuohod)

"l' 'r. Wu,"xnput Admltunco ot Linur Antmnn Drlnn lrom a Couul un.." -
‘ 1 'rech ch. 357. Cruft hhontory. Hnrvard Unlnrmy (erch 1962)

- E Jahnko and F Emdc. Tablo ot Functlom, Dover Pnblicluonl. Ine,, New

B ( York (1945)




funerags dowersd tave

it
il

"
|




