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The clectrically semal loop antenna has exised in
various forms lor many years. Probably the mos failas
form of s antennais h it ogpsick oundn postable
AM broadest-band recevers. Amatcar pplications ofthe
M oop include dirction inding, low-nois directional
ving antennas for 1§ and 3.5 MHz, and small
transmilting anicnnas. Because the design of tansmitin
i eceiving oops equises some diffrent considertion,
e o sitations e examined sparately i this secton.
This information was witien by Domeaic M. Mallozzi,
NIDM.

The Basic Loop
What s and what is not & smal loop antcans? By
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etintion, the Toop is considere 10 be elcircaly small
whea s total conductr ength s s than 0.1 ) 085 s
he mber s in this section. Thi size s based on the
act that the current around the perimetr o the hoop st
i phase, When the winding conductor i more than about

0.085 . Long, this i 0 longer e, Thisconstraintresults
i vy predictble fguse-cght rdiaion paem, show
nbigd

The simplest 00p s 4 1-tum untund loop with 1 load
connected 1 paie of erminals locatedin e centr of one
ofthe sdes.u shownin Fig S Howwispate s developed
s casily pictured if we look at some “snapshots” of th
antcan rlative 0 sgnal source. Fig 6 represcats  loop,
from above, and shows the insantancous rdied voltage





[image: image2.png]Fig 7—Example of orentation of oop antenna for
maximum respons

‘waxe. Note that piats A and B ofthe loop e reciving he
Sume instantancous voltge. This meens the no curent wil
Tlow theough the loop.
between points of equal potential. A similar analysis of
—_— i, vt e oop e 90° Hrom the position rprescnted

inFig 6 shows et s postion of e loop provides i
response. Of course, the voltage derived fromthe passing wave

cctuse there 1 0 curtnt low

e is small because of the small physical size of the loop. Fig 4
s e el tion e for s sl op,
T vltageacmon e oo el i iven by
* ° 2n ANEcos®
— ®n
e
V = votagescos the o il
A
N
e hin ol e et
B e panc o e oy

= wavelength of operaton in meters

This cquation omes from  term called ffeciv e
Gengity ot verical
er the same.

fective Beight refers o e
picee of wire above ground that would dc
Voltage 1 the receiver. The equation o efective i

2N

he &2

b i n mcters and the other tems ar s for Eq 1

A few minutes with a calculator will show that, with
he constrainspreviousy saed.the loo antcana will e
@ very smal elfective hesht. This means it will deivr
reatvely s o the eceiver, with even a furge

Fig 6_Example o or
oos nt respond to & signal source (nll I pattern).
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[image: image3.png]acrusy the loop terminals because of the Q of the parallel
resonantcicui that 5 formed.
The voltage aceos the loop terminals s now given by
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where Qs the loaded Q of he tuned cir
lerms e s deined sbore.

Most amateur loops are of the tned vasct. Fo tis
eason. al comments tht follow e based on une
anteanis, consisting of o o more tums. The une
antcnna s sorme pariculrsdvantages. Forcxample, it pts
ighselectivity upathe “fron” of a eceivng sysem, where
it can significanly belp factors such as dynamic range.
Louded Q values of 100 0 greee s easy o oblin with
caretul loop consruction.

‘Consider u situaton where e iberent slectiviy of
he foop i helpful. Assurne e have s loop with 3 Qof 100
411808 M. We are working 1 DX saton on 1805 MHz.
and e sulfsing strong interfereace from 4 local station
10Kz avay. Swiching from a dipol 1 4 small loop wil
rdce the sirength of the off-requeacy sigaal by 6 dB.
(approsimately one  uni). This, i eifect, inreases the
dynamic range o the rceiver. n fact, i he ofl-frequency
saton wee fathe o frequency,the esmation would be
sreaer

Another sy the loop can help s by using the nulls i
{0 pater ol ot on-fegency or slghty off-equency)
intefercoce, For example, ey we are working a DX sttion
1o the ort, and fust 1 Kby away 3 another ocal sttion
engaged in 4 contact, The local staton i  our west, We
an simply otae out Joop 0 pat it nall 0 the west and
e the DX staton should be readable while thelocal will
e nocked down by 6 r e B This cbsiously i quic
 noticeable diference. Loop s st ery sharp and arc
sencraly noticeable only on ground-ware sgnals (more o
ihis ).

Of course, his et of ulling wil hecective only
i the ntrferng Station and the station being worked are
ot in the sume direction (or in cxact opposie directons)
fromour locaton, I the o sttions were o the same line
from ous ocation, both the station being worked and the
undesired station would be nulled ot Luckily the nuls arc
very sharp,soas o 5 the satons are at east 107 off ais
from cachothe,the loop nul will be wabie

A similar se o the nulling capability s 0 climinatc
Tocal noise imefesene,such a tha from gt dimner in
 neighhor's house. Justputthe nullon the offnding light
dimimer, and the osse should disappear.

Now that we e scen some possibe wes of the small
oo, et us ook ata it of deail about s desgn. Fet.the
Toop orms an inducto having a very sl ratho o winding.
leagth 10 diametes The cquations for fnding inductance
sivenin mostradio handbooks assume that the nductorcoil
is longer than its diametes, However, F. W Grover of the
US National B of Standards has provided equations

L and the other
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for inductors of common cross-sectional shapes and small
lengih-to-tiametes rtios. (See the Bibiography at th end
of this chaptee) Grover’s equations are shown in Table 1
“Their use will yield reltively accurae numbers; results
are casily worked out with a scientifc clcultor o home
computer,

“The value of 4t capacior for 4 Iop i easy 10
calealte from the standad resonance cquations. The only
mater o consider before culculating hi is the value of
issibuted capaciance of e oop winding. This capacitance
Showsup between adjacent tarms of the ol ecause o heir
Sight illsence inpoteaia, This causes eachtun 0 appear
‘s charge plate. AS with al oher capucitances,the value
of the disributed capacitane is based on the physical
imensions of the coil.An exact matheratical analyss of
s value i 3 complex problem. A simpl approximation is
siven by Medhurs (see Biblograpty) s
c=tp

where
€ = dsrbuted capacitance in pF
H = consant seuted 10 the lengi-to-tiameter ratio
of the col (Table 2 gives H values fos engih-to-
sameter tios used in 1op antenna work.)
D = diameter of the winding n cm

&)

Table 1

Inductance Equations for Short Colls
(Loop Antennas)

Hexagon

B

squre
st o HEs s 25|

omm.‘,y]

oeﬂ&:(Nu],J
LA

umbar of urns
side langin incm
col length incm

Nota 1 he case of single-trn cols, the dlametarof
tha condustor shouid be uead fr .




[image: image4.png]Table 2
Values of the Constant H
for Distributed Capacitance

Longih to Diameter  H

Ratio
010 056
015 o7
020 o078
025 064
030 060
035 057
040 034
050 050
100 046

Medurst s work was with cols of round ross sctio.
Forloopsaf square crosssetion the distibuld capacitance.
is given by Bramslev (e Bibliograpy) as
cas 3
where

€= the distbuted capaciance in pF

2 e engih of the side in meters

16 you comvert e lengi i his cquation o centimeers,
you will i Bramslev’ cquation gives resulls n the ame
onder of magitude a5 Medhurst'scqaton,

This distibuied capacitance appears as f it were o
capacitor across the loop (erminals. Therefore, when
elemining the value of the tuning capacior, e disiibutcd
capacitance must be subtracted from the otal capacitance.
sequited 1 sesonate the loop. The disributed capacitance
ko decaminesthe highest Irequency at which  puticulur
Hoop can be used, because it i the minimam cupacitance.
obtinabic

Electrostatically Shielded Loops
Over the years, many loop nteanas have ncorporied

an clecaostatc shield. Ths shicld sneraly akes he form
of  tabe around the winding, made of 4 conductive but
snmagnetc materal (such as coppes or aluminum). lis
purpose i 1o maintain oop balance with respect 0 round
by foscing the capucitance between allporions of the oop.
and ground 0 be idemical. This i llusiricd in Fig 8 1
necessary 10 maintan clectrical loop balance o climinatc
what i refermed 0 s he antenna effect, When the anienai
ecomes unbalaneed it appeas (0 act parally as a sl
vrtial antenna. Thisverical patirn getssuperimposed o
e idal fgure-<ight pateen, distoting the pater s g
i the nuls. The tpe of pate tht el i v Fig 9
‘Addin the shield s the elfct o somewhat reducing

ihe pickupofthe o, but thisoss i sencrally ofse by the.
increase i null depih of the loops. Proper hlance of the
loop antena requirs that the load on the foop also be.
balunced. This i usuatly accomplished by use of o balun,

Shiald ovarcomes thie sffect.

[

Fig o_Distortion In loop patiern resulting from antenna
iy

ranstormer o a balanced nput preas
point regarding the shicld is that it .
continaous elecsical path around the loop pesimetc, or it
il appeseas  shorted col e, Usaally the sulted break
is located opposie the fecd point Lo maintain symnety.
Another point 0 b considered i thatthe shield sbould b
of & machlarge diametr than the loop winding, o it will
Tower the Quf the oop.
Various consiuction tch
making shickded loops. Genailc ocated bis lop winding.
inside aluminum conduit, while True consiucted an
lominum shiekd can aound i winding. Others have used
picces of Handlne 0 form: loop,using the outer conductor
‘asatickd. Deav used flexible oo withthe shied broken
At the center of the loop conducto in 3 multituen loop for
1§ M. Goldman uses another shiekding method for
broadcastrecciver loops.Hisshieldis i the orm o a bareel.
made of hardware cloth, with the loop in s cenie, (Sec
Bibliography for above seferences.) All these
provide suffcint shilding to maintain the balance
possibl, a5 Nelson shows, 1o constzuct an wshielded loop

iques have been used in

Loop Antennas  5-5





[image: image5.png]with good nulls (60 dB or better) by paying great care to
symmetry.

Loora

As previousty mentioned. Q is an important
consideraionin loop performance b it etermines both
he loop bandaidtnd s terminal voltage ora given icld
stcength, The loaded Q of @ loop is bsed on four mior
factors. These are (1) the irinsc Q o the Ioop winding,
(2 the efectof the 1, (3) the eflect of the clctrosatc
shield,and (4 the Q o the tuning capacitor

The major actor i the Q of the winding of the loop
el Theac resistanceof theconductor caused by skinetiet
s the major consideraton. The e resistance for copper
conducors may b detcrmined fom

0996 % 10 +fT

L &6

here

R = resisance i ol per oot
requency, H.

conductor diameter, inches.

a

The Q of the induetor is the casily determined by
\aking the eactance ofth inductorand divicing by the ac
resistance. 11 you ace using & muliturn loop and atc 3
pesectionst, you might also want 1 inclade the los fom
conductor prosimity ffectThis efectis described in detal
Tatr in s chapier, n the Secton on tansmiting loops,

Improvement in Q can be obained in some cases by
he us of Ltz wine (et or Licendsahi), Litwie consiss
of trands of individua nsulted wires tht re woven it
bundie in such a manner thatcach onductoroccapies cach
Tocationin the undie withequal frequency, Ltz wite resuls
{aimproved Qover solidor stsnded wire f quivalent iz,
up 0 about 3 M

Ak, the Q of the tuned cecuit of the oop antenna s
etermined by the Q of the capacitors used 10 resonae i, In
he aseof aie vaiables o diped icas this i o wsually
problean. But if variable-capacitunce diodes aze used (0
remotely tune the loop. pay particulas atcation (0 the
manufacturer’s specification for Q of the diode at the
frequency of operation. The tuning diodes can have 3
Sinifcant effcton cireit O

Noww we consider the eectof load mpdance cn loop
Q. I the case of a sty coupled loop (as in Fig 9, the
load s connected ircety acrossthe loop erminals,causng.
10 b reated a5 4 parllel sesstance in a parlie-uned
RLC circuit. Obsiously if e loud i o 4 low value, e Q
of the loop il below, A simple way o conec his i 0 use:
 ransfornce 0 siep up the o mpedance that appears
actos the loop caminals, nfct, i e make this wansiormer
b, o allows us 10 use our unbalanced receivers
will the loop st mainain oop syemnetey. Another sotion
510 what s sefered 1o 48 an incuctvely coupled oop.
Such as DeMuws four tum elctrostatically shilded ooy,
A one-tum link i connected to the receivr. This tum s
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wound with the four-turm loop. In effect, this builds the
ranstormer nto the sotenna

Another solution o the peoblem of 1o ipedance o
Jo0pQis o use anaetiv preamplificrwith high mpedance.
batanced input and unbalanced ouput. This method also s
the advantage of amplifying the low-Level output voluge of
the loop 10 where it can be used with 4 rceiver o even
mediocre sensitiviy Infact, the Q of the loop when uscd
it 3 balanced preamplitcs having high input spedance
may he <o high as o be usabl i cetain aplicaions. A
xumple of thisstation would occue where  oop s being
usedtoreceive  § Kz wide AM signal ata requency where
the b of the lop s ol 1.5 KHo. ln this case the
detected o mightbe very disoned. The solation 0 this
510 put 3 Q-degrading resistor acruss the Loup erminals,

FERRITE-CORE LOOP ANTENNAS

“The ferrit-core loop antenna s specil cas of the
o secciving loops considered up 0 now, Because of
s e i every AM bradcastand pocable i the et
ore 00p i, by quansity,the most poplar form of te loop
antenna, Bl browdeast-bund reception i ar from s only
s it is commonly found in radio dircction finding
equipment and low frequency recciving sysiems (below
500 kb lor e and frcquency stndand sysems.Ingecent
years, design information o hese 1ypes of antennas has
e bi sparse in the amateur lerare, 0 the next e
paragrapis are devoted 1o providing some detais

Fertit loop anteanas ae characersically very smal
compared 10 he frequency of use. For exampie, 3 5-MHz
version may b in the ange of 15 10 30 m long and about
125 cmin dsete, Eaer i his chaper clictive height
was moduced a5 messune of lop sasitiiy. The eflctive
height of an aie-cor loop ancama i gven by Eq 2

W ai-core loopis placed ina ek, i ssence i cuts
e tinesof flu without disturbing them (Fig 104). On the
other hand, when  ferrite (magnetic)cor i plced in the
i, the ncarby field lins are rediected i he oop)
(Fig 10B). This is ecause th reuctance of the feete ma-
el i ess thun hat Ofthe sarmounin ai, 30 the ey
s end 1 flow though he loop ratber han passing.
ity (Reluctanc s the magnedc analogy ofesistaee, while
Hlux i analogous 1o cument.) The reluctnce is nversely
proportional 1 the permebiity of the 0 core, . (1
Some texts the rod permeabiliy is retered to s efccive
permeability. ). This cfect modities the equation oe i
fective heightof & et ore 1oop 0

N A,
—

&7

where
fective heih (cagth) i meters
N b of turms n the loop.
A= anea of loop i square meters
U= pesmeability o the fersit rod
avelength of operation in et





[image: image6.png]Fig 10—A1A, an aircore loop has no ffect on
fid lings. B llustratosthe afectof 8 frrts core on
aarby iid ines.The i s atered by the reluctance
of theterrta matari)

Thisobviously i lrgeincrease in“collcted” sgaal
16 the rod permeabilty were 90, his would be the same 35
making e 1oop rea 90 times Lrger i he same numbes
of tarms.For exmple, @ 1.25-¢m dameter fent-core oop.
would Bave an etfctive height qual 1o an 3o 10p.
22.5 cm i diamete (with the same nusnber of o)

By now you might have notced we e heen ey
caretul o efer o od permeability: Thee s vry
season for i, The permeabilty that o of et
istcombiaation fthe matrial pe
o he o, and the dimensions of e rod.In feriterods, 5

ability. 1 or torosdal

sometimes refeed t o il perm
pesmeabiliy, . Because most amteur e loops e in
the form of o we will dscussonly thi shape.

The eason s diffrent from 5 vy compiex
physics problem tat el beyond the sope oftis vk
For those interestd n the deails, boks by Polydoroft and.
by Stelling cove tis subject in considerable detil (Se¢
Bibliography.) Fos ous pusposes  simple explanation will
sultice. The rod i in 3¢t not  peteetdirctor o o, as s
losrated in Fig 11 Note thl some lives inpinge on the
Sides o th core and also exit from the sides. These lines
theretore would ot pss throughalthe tuens of the ol i
were wound from one end of the core 0 the other. These
flux lines see refemed o as feakage s, or somet
flux lekage,

Leakage fux cunsesthe flus density i the core 10 b
onuniformalong s ength. From Fig 111 canbe scea that
the o hes ot ot
of the core, and decreases as the cnds of the core are
approached. This causes some noticcable elecs. Asa short

e center of the

Lot o

Fig 12—Rod permeabliy, Mg versus matarial
permeatilty,m for iferant 154 engin 1o aismeter
Feios.

coil s placed u diferent ocations alon @ long core, it
inductance wil

‘whenthecoil i centered on he o, The Q f 3 shor cosl o
long rod i greatstu the cente, On the ot band, i you
cequire  higher Q than hi. i 1 recommended that you
Spread the coil tums alon the whole length of the cor,
eventhough this will esult i e value of nductance,
(The inductance can b increased o the original vale by
adding s Fig 12 gives the retationship of rod
y 10 mateial permeability fora varcty o vlues,
wover the lengih of therod resuls in s

The maximum snductance cxists
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[image: image7.png]adjustment in the term j,_, for its so called “free ends” (those.
ot covered by the winding). This aljustment fctor s given
by

&%)

W = the conreted permcability
the kengthof the core
ihe g ofthe coil

This value of 1 should be wsd i plce of i, in Eq 7
o obtan the most sceurat value of flective beighl.

Al these vriabies make the calculation of feri loop
anteana inductance somewhat e aeurate than fo e i
core version. The inductanc of a eie oop s given by

AN Ap a0

E9)

here
L= inductance in it
N = mumber of tums
A =cross-sectional area of the cor i square
magneti ength of core in rm

Experincnts ndicate that he widing iametce should
e s close 10 hat o the ro diameter s practical i order 0
masimize both inductance value and Q. By using all s
information, we may determine the voltage at e 1oop
Terminals and is signal-t0-ise ratio (SNR). The voltage
may be determined from

mANWOQE
e —

(€10,

here
V= utput vlage s he loopteminals
loup area n square meters
mumber of tams n the loop winding
orcted rod permeabiity
loaded Q ot loop
RE fcld strength n vl per meter
wavelengih of operation i metcrs

Lankfon's cquation for the scasitiviy ofth koop for
41048 SNR s

L0910 2T
R Eq1)
here

= operatin frequency in Hz
L= oo inductance i henrys
= reccier bundwidts n Hr

Similarly, Bel

ose sives the SNR of 4 tuned loop
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Frombis, e ek strengih ., b, and A i,
then Qo N st increase (0r L decree) 0 ickd & beter
SNR. Highe scnsitviy ca also be obtained (especatly ot
frequencies helow 500 kHe) by huachiag ferite cores
Logethe 1 ncecase e loap area ovee that which would be
posible wilh 4 singl rod. High seasiivity is important
because 0op anteanas axe ot the most efiientcollectors
of sgnals, bt ey do offerimprovementover ot eciving
anteanasianterms of SNR. For s esson,you should et
1o maimize the SNR when using 4 sl loop eceiving
antenna, I some cases these may be physical consints
it bow asge you an make ferite-cor 1op,

Aler working through Eq 11 0 12, you might isd you
I require some increase in antenna system gain 1o
etfctvely use your Joop. In hese cases the addiion of &
Tow mise preamplificr may be quit valuable even on the
lower requency bands where they ae ot commosly used
Chiapter 1 contains information on such preamplfers.

“The clectrostatic siclddiscassed arlier wih rference
10 air-core loops cam he used effctvely with fere-core
oops. (Consiuction exampls are presented i Chipter 14)
Asin e ae-core oo  shicld will reduce elecscal noisc
andimprose loop balanc.

SNk

(Eq12)
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