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I  NTRODUCT I  ON

T h i s  c o !  l o c t i o n  o f  a r t i c l o s  o n  l 7 5 O  m s ! e .  t r a n s D i t t r n E
a n t e n n a E ,  E r o u n d E  a n d  n e l a t e d  t o p i c a  i n c l q d e s  m o g t  o f  w h a t  h a s
a p p e a r e d  o n  t h o  s u b j e c t  i n  T H E  L O W D O W N  s i n c e  1 9 8 0 .  O t h e r
o a t c r i a l  h a s  b c e n  d r a s n  f r o m  t h €  1 7 5 0  M E T E R  W E S T E R N  U P D A T E .  I
h a v e  a d d e d  a  s c c t i o n  o n  g r o u n d  s y s t € m s  t o  f i l l  s o m e  m i n o r  g e p s  i n
t h e  e x i s t i n g  m a t e r i a l .  A d d i t i o n a l  n o t e s  a n d  i l l u s t r a t i o n g  a r o
b a i n B  a d d a d  o n  a  s p a c a - a v e i , I a b l e  b a s i s  a s  t h e  c u t t i n g  a n d  p a s t i n g
p r o c a e d s .

I n  a s s e m b l  i n g  t h i s  c o l  l c c t i o n  I ' v 6  i n d u L g e d  m y  o w n  i n c l  i n a t i o n  t a
b r o r g e  a n d  c o a p a r c ,  a n d  t h c  r e a u l t  i s  g a o e w h e t  r e d u n d e n t .  A n y o n e
t r s h i n g  t o  p u t  u p  a n  e f f c c t i v o  a n t e n n a  c a n  r e f e r  t q  a n y  o f  t h c
t h r c r  b e s i a  a r t i c l e e  ( P h i l l i p s ,  P i n t o  o r  L e e )  a n d  l e e r n  w h a t  h e
n e e d s  t o  k n o [ .  A l t h o u g h  c m p h e s i s  v a r i e s ,  t h c  a u t h o r s  a l  I  E l a r t
f r o n  t h c  s a E c  g e n e n a l  p r c m i s e s  a n d  a r r i . v a  a t  t h e  g a m e  g e n € r a l
conc  I  us  i  onE .

B u t  i f  y o u  a r e  l o o k i . n g  f o n  i d e a s  o r  s a a k i n g ,  t h c  m o s t
p r a c t i c a l  s o l u t i , o n  t o  g o m e  p a r t i c u l a n  p r o b l e o ,  i t  w i l l  b e  v e l l
r o r t h w h i l c  t o  s t u d y  a l I  o f  t h e  a u t h o r s .  E v c n  i f  n o n e  o f  t h o m
a d d n a s s  y o u r  i D D e d i a t o  e o n c a r n ,  i t  D e y  b c  t h a t  t h c i r  c o m b i n € d
i d e a s  r i l l  s u g g c s t  a n  a n s w 6 r .

F o r  t h c  D o s t  p a r t  t h e s e  a r t i c l a g  d e a l  r i t h  o n e  b a s i c  a n t s n n a
t y p 6 :  t h e  v c r t i c a l  r a d i a t o r  y i t h  i n d u c t i v c  b e s e  l o a d i n 6  a n d
c a P e c i t i v c  t o p  l o a d i n g .  W h i l . e  t h e r c  a r e  t h a s c  r h o  6 r u o b l c  a b o u t
i n c f f i c i e n c y  a n d  m a i n t a i n  t h e t  t h i s  i s  n a t  m u c h  o f  e n  a n s r E c r  ! o
t h a  p r o b l c m s  o f  r a d i a t i n g  a  s i g n a l  a t  L F ,  t h c s e  e n t e n n a s  h a v 6  a t
l e a € t  t w o  i m p o r t a n t  t h i n g E  E l o i n g  f o r  t h c o  -  t h c y  w o n k  a n d ,  i f
c o n s t r u c t c d  t o  t h e  a p p r o p r i , a t c  d i , a c n s i a n g ,  t h a y  a r e  a c c O p t a b l s  t o
t h .  F C C .

I t  D a y  w c l  I  b c  t h a t  t h c r 6  a r c  D o r c  a f f i c i c n t  t r a n g D i t t i n g
a n t 6 n n a g  f o r  l h c  p u r p o s e  s n d  i t  n e y  b c  t h a t  g u c h  a n t . n n a s  c a n  b e
c o n s t . u c t c d  r i t h i n  t h c  d i D 6 n E i o n a l  c o n g t r a i n t s  o f  P a r t  1 5 .  T h u s
f e r  I ' v e  n o t  g a e n  w h a t  I  c o n s i d a r  t o  b e  a  p r o v e n  d e g i . g n .  K € i t h
O I s o n  ( 7 F S )  h a s  b e e n  d o i n g  i . n t e r s g t i n g  p o r k  w i t h  l / l O  g c a l e
h e l i c a l  a n t e n n e g  o n  1 6 0  m c t a r s .

T h c  g c a l c d  d o r n  a p p r o a c h  h a s  a  l o t  o f  o 6 r i t .  O n c  c a n  f i . n d
o u t  r h a t h a .  t h c  d e e i g n  w a r k s  b g f o r c  c a n f r o n t i n g  t h e  d i . f f i c u l t i c s
o f  a c t u a l  l y  i D p l c D c n t i n B  i t  o n  l o n g w a v o .  T h c e c  d i f f i c u l t i e s  a r e
f s r  f r o n  i n s i g n i f i c a n t ;  1 5  D o t c r s  i E  v e r y  s n e l l  i n  t e r m g  o f  o u r
r a v c l a n 8 t h s  b u t  i t  i s  a  b i g  h u n k  o f  s p a c €  i n  t h e  b a c k y a r d .
! ' { c c h s n i c a l ,  a l c c t r i c a l  a n d  e d j u s t m e n t  d i f f i c u l t i c s  a b o u n d !  t
h o p c  t h €  f o l l o w i n g  p a 8 e E  w i l l  h a l p  t a  s D o o t h  t h e  w a y .

H i c h a c l  M i d e k e -  N o v c m b e r  1 9 8 7



TRAI{SI,II TT I116 ANTENT{AS FOR ]./50 I'IETERS
sv Eo Pl tut- tps l ' l6 lZJ

As oenl ioned in lhe introducl ion (Vo1. 7 ,1 p B),  suc-
cessfuL tresmission rQulres tha! Lhe tran$lltirl8
&lenna be of @xinm possible height-,  anC losses in
f,he e!e@ ed g.M'l systes 5e as lox as possj.ble,
I shall. nou describe sft EeieaaL properties of s@ll
VLF ant.elms dd theia 8rcmd sysls, anJ Sive ex-
dples of lhal yo @y ue! tr build. The 3nLema
sysLm l iLI  f l rs i  be ccnsiJered frs a csslruc! iocl
poin! of  v iew, and lhe eleclr l .a i  pr lFrt ies wiI I  be
discussed in their  relat lon lc lhe ccupl ing sysiem
desj€n ed construcaion, l-he paa&elers of lhe m!en-
m as a circui t  el .@n! Hri I  E 8iv6 nex!,  fol i@ed
by the desi8n &d construalron of lhe circui ts for
c@plin8 the antenna !d tare t f ras,r l ter,  !o8e!her
wi lh n,ethcxls for Lnerr r i - jstrent.

In pract j .ce lhe desiSn of y@r an!e@ syst@ Ey t€

dictated by the space ya have available, 4 i9 !rue
in Dy m @. If yor space is li[ited detL give
up, brt ! rt up llE tallest thiry yo @, d fd aEy
fM tre ed bJiIdiJEg G ya co, &d ltH 8i.ve li
a lry. ta Ey be pl€stly sprisedl

There are rc Eygteries to rcrkirg at 175 KHz, since
u* of this lrequency Bes back !o the very ryl.i.est
days of 'rwirelesgr'. In fact, &y tood gld rirele$
book lEs a realth of useful inforelion @ &iems
ad grods. The advice is excellent bul ha|{ !o
fo1l.d. A. P. f,rorga's "uireless Telegraph Costruc-
t i@ For ArBteurs" (1911) devotes chapier 3 to "aer-

iaLs ed ath cmecti6sr'. A feu quotes are of
i.nterest:

"In filting up a wj.rel.ess station the l@lion &d
erectio of e aetial. are of prire isporhcer &d
the successful aeception &d laesission of cireless
ressages Hj.1l depend 148ely upon its coditi@."

"The hj,gher e aerial is placed above the surface of
the ryth, lhe rider uill be i.!s electrcstatic fieLd,
&d cmsequstly rcae pq{erful e}ectaic Eves Yill be
developed. Bdt after a height of 180-200 fet is
attalned, lhe engineeritg difficultj,es od the expen-
9es ircEse I mpj.dly tl€t fd statifis exceed !t.
other thlngs being eqEl, lhe incr€sed ra€e in
trryittj.r€ vaies 6 the sq€re of the bei"ght of
the radj.atlr€ H1res. For exeple, a 25-f@t aerid.
capable of L&$itting one nile ih@reti€lly sill
snd Bves 16 nil€s if @de 100 feet h18h'n.

"After the linit i.n a verLical direcli.& has bes
@hed, ihe 61y r@inin8 possibililies e to in-
cE* !h€ gwface ad spr€d out borizontally.n

icprd (meti6s--the isporhce of a Sood atb
or grwnd c@ction cs hardly be oveaesti@ted '
lfhseve possible c@rciaL skti@s are lcted 6
@ist grud or n@ a body of cater so tfE! a tood
grod Ey be secured by imbeddina zinc or copper
plates in the @th or Eier . "

These quotatios re stlU pertj.nent loday' althdrgh
Dote that !h€ q@tity wtrich vdies s the sqlre of
tbe eteJ@ height ls the radialion resistsce, not
the electrlc fleld produced by tfF et@' 6 lbrgp
irpUes rhs he $ys tbat lncBsiilS the h€i8ht by
f@. tires irc@s the FnSe by 16 tl@s. H@ver,
becau$ of the incr€se jn ete@ systd efficj.ecy
rhich tcs uith tbe ircrse in be!8ht' his t.@ks
abort ircI@1i8 ttE ra€e of the sbti6 e almst
corret. A fs lhings I did not quote e afs per-
tinenl, especia.Lly his I.gfft<s on Bkint the &te@
16ta11ati6 stM€ enq€h to rittEtad ey possibfe
w€ther, and provj.dt€ the ai@ Hith a 8rodir€
sitch for we Fha tigtrtning is possible. He alp
eophasizes ararAj.na tbe 4tem I it @t falL
dm aNss pqrer lires, thereby ladliS to all grtg

of uhappy wots,

Ttte ate@ chich lrorSa desctibes ft all bll
gtruciws rith s lom of I'flat top" or €pacitive
bp l€dj.ng. Figws 1 &d 2 are copieC fM E' E'
BEher's "The llireLess Experirenters f4anuL" i 1920),
and iLl.ustrate lrc @thods of c@tructj.n8 & dte@
rlth tap l€ding. 1n €ch case Ehe l@ding consists
of a trup of borizontal, vires spMd dt a @ch as
possible to incEse the €pacitece b gl.tMd. The
trrrpose ol this top l€dlng is !o increase lhe cur-
Ht at tbe top of the &le@, lhereby inc€sing
its Ediati@ resist&ce, The Edialion resisL&ce
of il etet@ i.s a ficliti@s resistsce Htrich, Bhen
@ltiplied by the squde of the.-urrent fldlng ln
tbe base of the &!ere, gives Ine Edialed poE.;
incr@ir€ the raoiation resisf,ece incr6es Lhe
porer radiated for a Siven otm cffi.!. ecr a

very ahort ete@ the mdiatim resishce is prc-
porti@] to the squres of the effective heighL ed
of the frequ@y. For & ul€ded &te@ 50 fet
high the th@retical radiatim resist4€ at 1?5 Kltz
is 6Iy 0.0312 otlEt thj.s is mly a very tiny frac-
ti6 of lhe nldlM total resistece vlth rhich the
ate@ 9y9ts @ be buiIt, &d stws tbe itporiace
of keeping the losaes 6 Id a posibl.e. As & ex-
eDle ol what this reare. il lhe etem cuMt is
0.2 Mperes, a lypical value for a one MLt tmnsit-
Ler ed fairfy ld loss &te@ sysls (sw of 8rud
ed loading coil resislance eqEI lo 25 ofuE)' the
€diated poHer !ill, be mly about 1/800 mtt, ed the
eff j .c iscy ui l l  be only 1/8 pe.cent!

For a straight verilcal radrator rhose ]ength is a
sll fraclion of a wavelength {the Evel.eigth of a
175 KHz sj .gEl is 5020,4 feet)  the ste@ current
decreses l inearly to zero at lhe @p. I f  €pacl-
hce is added at the loo, lhe cur.ent Lbere !s u-
creased. If the currenl at the top is eq€l to lhe
curdt at lhe base Ine Ediation resishce tsill be
f@r tiDes lM! of s u 1€ded eteM. For tbe ex-
eple given above lhis rculd ti€e e incese in ra-
diation resist&ce !o 1/8 ofu, of €diaied poerer to
1/200 Ett  (5 whole ni l l i€t ts!) ,  ed the eff ic iscy
@ld be 1/2 percent, Tbe effect,ive .{€e of the
statio @td be doubled. N@ that I have discussed
the rerits of lop l,€dtng I rct point dt ihal rn
al1 prcbability y@ rrlL rct be able io use very och
of it. I lEve no idea hd lhe FCC 6r]d fel about
atel@ installalions like those in the e@ples
3bove, partj.cularly if the height of Lhe vertical
ecti@ is tbe @gic 15 ftters, but it is d@btful
tbat tbey @ld be ve.y iBppy. If ve fudge the 15
reters io 50 feet, which €s in the old rc€uLatihs
before the FCC "renl metrlc'r, a liteml interpretation
eld ey tlEt a sing]e verti€l coductor 50 fet
1on8 ls all tba! is ]egal, and if the Mlter elea c&
!o d *gwnt I s sure that is rhat tbe rulin8 s]d
be. (The best €y lo {in suah an rgwnt ls lo avoj.d
i.t: keep your sigEls cl@ ed your at of band aa-
diation to a minios ad you wiil not bring altentim
to yourseLf.  )

Trc points .egardirg top l€ding @y b€ in order.
Flrst, if He accepl the total length of the &teM to
be 50 feet, then there is rc advetaSe to reducing tlp
hei.ght of lhe ete@ ed t.1tring part of i! horizon-
tally !o prcduce top 1€d1na. Il y@ @ get 50 fet
use lt. If rct, ti@ Eke th€ verti€]. *ctis as
taLl. as y@ @ ild add top l€dint to brir€ the total
leJlAth to 50 fet, An "Ln shaped &te@ *111 b€
su€hlly betta than a tTt shaped one in this €se,
Secmd, in principle the top l€dir€ @ be @de mre
eff6tive if the etelfr l@di.ng coil (or part of it )
is placed ai the top of the ete@. E@pLes of such
twed top 1sdlnt circuils for we 6 160 @ters G
8iv@ in 'rThe ARRL Anm Bookr', rhich j.9 recq@rded
f€dint, particularly in rhe older edili@s Bhich @y
be available in l1brui6 or fM LqE t1re tEns. I
believe that the prcbl.@ in adjusti.S such l€di.ng
coils, toSethe. rith the fact that their Lo$es rill
prcbabl,y be excessive, ckes such techniques of littl'e
or no value fof 1750 reters, ed I recffind tbeir use
only to lhe advsced experimenter. In Lhe discussis
Lo fol.1@ only base tsing HilI t€ considered.

Let us nd consrder s@ specific aotemas. FiSure 3
sh@s & ante.na similar !o lhe pfevious e@ples; i!
js 'ibes! bul clearly ilfegalr'. A 50 f6t- vertrcal
rire is lop ]€ded by a flat lop of horizonial Hires,
supported by w@Cen pol.es, lbe vhole setup is placed
over a slt mter grcud pL&e, which senes lrc ln-
Fortat purposes, Firs!, a comection lo lhe g]t

€r-er prcvides e effective, 10! aesistsce 8rond
syst@. Second, loe eftec! of  lhe g1t Ef,er is to
@e lhe resislece of the glMd plere 6dea the



ete@ very Id. this [inlEizes ttF losss due !o
the curenta chich fld j.n lhe grod mde. the m-
tffi due to @pecltlve ceplir€i they are a very
tupftat cdpooent of the lotal ete@ {as cm-
truted to lt€ lcding coil ) 1oss, !,lore of thls
latcr. The fffy purpose of this e@ple is !o sbor
*Et sald be dfie lf the FCC restrlctiG de ever
11fted.

Before disusslrE "bor to buj.Id a 4Lemrr letrs
cosider I'where to build 1t?" The eovirc@nt in
whlch the mte@ systtr is i6ta11ed is tfre hardest
paat of the syslem to con!rc] ,  bl t  i t  is:r  dr€t :d-
poftece in delednint the m!@m's over3l] per-
fo@ce. Because of capacitive ctupLng fM lbe
Fdiator, RF currsts wiLl. fld j.n every cbjeci near
the ilteM, ed the presence of eleLn61iy lossy
Eterial, wl1L i.ncrease the ]oses ir, Lhe eletra cir-
cuit. (For all practical puposes only lhings Fithin
a radlug equal to Lhe height of the etel@ ee in-
tprtet 1o9s cmtributors.) Any buildinAs or vegeLa-
t i@ Hi l I  lBve slgni f . icer eleLlr ical  Io$, eo de-
lEct fM the i l le@ perfo@ce, so Lhe f i rs!  ruIe
to try Lo fo]lw is to keep the ete@ at l€st 50
fel ffm ay trcs or burLdings, ihis @s, of
cMse, that ya have to M pqaer ed cmlroL I€ds
at to ttE base of the &teffir &d they @y be in-
cov@ientLy Lql8.

Evs 1f there de no objects above grcud !n tl€
viclnity of the &te@, the trud itgelf cn ed
riU prcvide vely stgnifl@t losses. ALl of the
cll|mt Hhlch flws in the ilte@ ust retm in {or
@ tbe gurface of ) ttre Brud, ad rcst soil j-s very
lossy, For this r6gn it Bs c(m practice in the
trly days of rirelegs to l@ale tffiittj.ng stat-
1oru at slt @ghes. ed hdld lhe et@ @er
the, In additl,o, hudreds of cmducLin8 €bles
rere laid ln or o bhe glwd under the etem to
furtber reduce the Loss, Hith rc insla],latiffs hav-
1ng literally hudreds of oiles of th@. TtEse prac-
tices ae sti]l necessary sd ae stj.ll foll.@d, 1n
spite of the ircree cost ssiated wilh th@, In
the case ol simple verti.al twrs the trwd syst@
usuLl.y consists of "radialsn, or Hires mdj.aling
fM the base of llF ateM in all direti@s to a
distue at l€st equl to the heiBhL of lhe t*r.
The radial.s are usully buried beo€th the @lh with
a speciaf p1or, in order to tet tb@ at of the my,

In prlnciple tbere is a cl€r distinction beireen ra-
diaL systs dd 8rod syst@. TtE pri@y purpose
of tbe radials i.s to eljeiEte lGs6 due lo cuMts
rrnich e j,nduced in the aMd by lhe eletric field
cf the dtffi, ed even fairly short radiaLs acc@p-
li.sh this. Htrever, there re stj.ll curHts fLrying
i,n the grod beyond the radial.s, 4d a conventl.ml,
grud is ofts oeeded in addillon to the md j.als.
If the pll condrctivity !s p@r the Edials, togeth-
er Flih a fw t'ud rqb ad a cm@ti6 to the
Eter pipes, w1].1 prcbably be abqrt lhe best ttwd
that ce be fPped for.

E. A, laport gives il excell4t desdipli@ of grmd
systff 1n bis nRadig AnterE E€in€ring'r, llccmts
HlI1, 1952, Sectlon 1,12 di$usses VLF grcud sys-
is, Hh1le section 2,5 dscribes brud€st eteM
Brud systeo design. The fatter secLion is of rcst
intqesl, since in it he glves data o the perfo@e
of a siDple verticaL radlator Hith Eri@s Is€ths
ed nwbers of EdiaLs, The reslts @y be very
crudely s@ized by syir€ that ECials cf length
equal to the ete@ helght are a1rcst as g@d as
rhose of infinite length, ild LfE! d len8rh of half
the dtm height (atside di&reter of radial syst@
equal to ete@ hej,ght) is about 2/3 as effective as
very gEt len8th. Furthe@re, 2 radiais e abolt
half s 8aod 6 a very ldge nwber, ad 16 radia-ls

are cithin a fes p€acent of being as good as ll2.
Applyi!€ this info@ti@ to our hypothetiaf teer
ireAu.at16, re @ sy that it FilI be n€r io
1d6L in perfo@ce if Lhe twr j.s at l€sg 50 f€t
aEy fM tes ed builCings, ard if tbe gend w-
der it is prcvided rith 4 or rcre radials rhos
length io at l€si 25 fet &d preftcbly 50 feet.
loprcv@nts w111. resull fM rcre ad Lq€er mdials
bJt the incMse in perfcmnce is prcbably rct rcrth
Lhe extra trubLe, the size of ihe cire ussl for the
Fdj.al.s is not particularly important, so lqlg as it
rs sLrcng enqrSh to lithsLand uhatevea aj-st@lrent
i! @y experisce in listaLLalion, dd even galvan-
ized ircn clolhesline lire uj.Il. cio i.n a pinch.

unfoatumtely, j.t H]]I be very fErd !o find tw for
this "idea1" arlema j.ilstallation, &d you Hill prcb-
ably have to fa1l back or) lhe advice I gave above.
Make the &tem as high as you @, as far aMy fM
trees &d buildings as you c&, pu! dM as Gny F-
dials as ya car lind r@ for, ed feel tlEt you
iEve done yar best. Your &le@ sysls wiLL cer-
tauly rcrk, ed the results {i}1 probably gtisfy
you. ln this discussion I have @itted one thing
Hhich @y be of interst to tbose *p Bfly have a
1ot of space ed @bition. The laying of tbe radials
in or mder the grod is done minly to kep lh@
Nt of Lhe Ey, and resuLts in an lnc@se in loss
beGuse ihe current @st "ftfrrrlhrqJAh the 8rcsd to
r€cb ths. A belier practice, but @e ,hich ts Nch
rcre adftard, !@1d be to place the cdials above the
grqld by seveml f@t. I d@bt if the differqce in
rerfoffice rculd be notic€ble. but i! @Ld be a
rcble qperi@nt, Such instal]alim ile €IIed
I'cwtspoisest, ed rere falrly c@n in the @]y
days of rireless. They nigbt stiU be of cosj.decble
interest to s@ne rho wished to i.nstalL his etem
on top of a hdse, tsbere the ld|8th of lhe grcwd ]€d
nl,d be considerable. Ihe cNte@ise mld be in-
sfalled on top of the rcf, sith as @y mdiating
wires as possible, ru out s far as possible. It
muld prcbably be 0K to ru ths over the edte of the
@f ed dm to gMd leve1. 1 fEve e idea ttEt
such il installation niShl rcd( very tell, since it
rculd p.Lace the ete@ rell ai of the €y of rcs!
!res, ed @ld a1s be convenient for lhe se of
tuy wj,res.

As & eruple of e installation uhich viofates rcs!
of the rufea 6ivs above, I xill. us my m alenna
syst@ to she trtEt not to doil. The iorer is instal-
Ied in tlle mly spot my wife roId pemit, betren lhe

ild the drlvffiy. One EU of w h@se
ls onLy trc feet aEy , ed extods up to the 30 f@L
@k. Trc larte €k trees gM Hithif, Ie$ tfan ten
fet of the tqer, ad nwros @lLia bshes are
p]illed n€r the base, The $il, j,n N neithbortpgd
j.s sfB11ff, with lse gravel ad bqlld€rs udem€ttr,
ad the €ter table is at lest 100 fet dm. I have
a fairly good grod cometion in lhe fm of a IM-
be.4 f,ire t.1ming to a recdtly installed copper E-
ler comectioo lo the stfeet, The pipe has a total
Length of about 200 feet, but there@ no radlals &d
I have no space lo put th@. The Lotal resist&ce of
dry antema systeo at present rs alrui 65 oi!E, a.I-
!h@8h tshen I fj.rst j.nstalled the \,/LF 8€r ed had the
€k trees pMed uay back I reasured strething iike
25 otes, ed ctu]d gei about 0,2e ilperes &tetuE cur-
rst lith one wall inpul !o the fie1. I believe that
in this inslallation t,he loss due !o lhe t.es is d@-
i@t, although as a second faclor al] of Lhe surromd-
ing grcwd is very dry due lo bein6 under houses anl
drivesays. Cliff l.Jalker lBs a nuch simpler dte@ j.n

rne niddl-e of his back yafd, wiih a mter pipe 8rcmd,
eo purr ou! a@uL tw-ce ai  s lrcn8 1 s-gnal as I  oo.
I th:nk the absence of the brg lrees is one @jor dif-
fepence. ed Lhe oresence of a watered Lam beneath
the radir l i I  Ey be anolher.


