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athematical analyses have been made of the field intensity existing
at close proximity to both a terminated transmission line within a shielded
room and an injection loop and are presented to permit the determination

of such field intensifties in temns of distance from the source of excitaw
tion md the exciting voltages. Experimental determinations have verified
the accuracy and correlation of measurements made by both methods up to a
frequency of 10 megacycles. Further investigations of the action of a ter-
minated trensmission line operated within a shielded room have indicated
that the accuracy of field intensity below the line with réspsct to the
frequency employed is-a function of room size, liné length and perfection
of tormination., For a room 22 x 14 x 12 feuet in hoight, using a relatively
small dismeter tronsmission line, computed ficld intensitios may be expected
to be accurate within oxperimental limits up to a frequency of 15 megacyclos
but boyond this froguency, cortain not complotoly detormined conditions may
introduce crrors as high as 70% duc to tho oxistonce of rolatively sharp
ressnances. It is shown that pure rosistivo torminat.on of a small dia=-
moter trensmission linc within s shicldod room is inadequate to complutcly
eliminato all standing waves at tho highor fruguencics.
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INTRODUCTION

1, In radio direction fingdor werk, it is nocossary to conduct many

.. bests and obtain much oxporimental data with the equipmont operating
" in an actual radio frequency fisld reathor than, as can be donoc in reo=-

culver work, by the use of standard signal generators feeding the cguip=-

ment through dummy snteonnes. Furthermore, in order to conduet such tosts

and exporimentation meaningfully, it is often nocessary to produco such -
ficlds within a shiclded room %o ¢limincle oxtornal disturbancos and to

pormit the control of such fiolds as woll as to roadily detormine their

actual intonsity in Serms of microvelts por motor. '

-2 In furtheranco of this requirement, tho practicc has buen devsl-
“opud of cmploying o terminated transmission line within a reasonably

sizcd shielded room for the production of tho roquired electromegnetic
wavose Such techniques are presumcd to simulatc pure vertically polars
izod waves of compubable intensity. ‘

3 A sscend tochnique that has been omployed in the past and is

useful for cortain specific purposes involves the employment of a so- }
called injection loop, rathor than a terminuled line, for preducing the. |
eloctromagnetic waves, This is convenient for cortain preduction teste . |
ing purposos inasmuch as it can bo employed with relatively closc spac-
ing between the injoction loop and tho dircetion finder colluctor using
relatively high luvels of fiold intensity and accordingly precludes the
necossity of monospolizing a shiclded rooms Because of this it is be-
lievod that a more rigorous troatmont of shiclded room transmission line
tochnigues is of intercst and of practical usufulnoss., -The injection
loop case is submitted in this report in tho intercst of completenoss

of the presentation, Howsver, and particularly in tho coss of the use
of transmission lines, no mothomatical troatmont can readily toko cog-

nizanco of othor intangibles, such as the effucts of imperfect lino

torminations, wires, furnituro, .observers, ote,, within the room and

similar factors. Bocauso of this, it was beliuved desirable to con-

duct experimentel determinations in thoso promiscs in order to obtain

as much information as .possible about tho magnituds of thoir influoncos.

STATEMENT OF PROBLEM

4. From time o timo it has boun nocessary to employ both of the
above modorn measurvment tochniques, what 1s, both injoction loops and
tronsmission lines snd to cxtond tho froquoncy range at which thoy aroc
used to points boyond which any provious experiucntel date have boon
obtainoed.

5. Por this roason, aund inasmuch as the accurucy of the fiocld inten-
sity in which a dircebion finder collector is placed is of primary

_importenco in dircceion finder work, it hud bocomo desirable, from time

to timc, to ilnvestigato the accurucy of tho various mothods of producing
such field inteonsities and to attompt to dotormine the limiting para=

~metoers in order to permit control of thosc factors.

6o Accordingly tho problom reported on horoin involved tho

. following:
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- () The development of formulas by which the field intensity exist-

ing within e shieldod room at various distances from both an injection
lsop and a terminated transmission line could be calculated in terms
of -the driving voltagos.

- (v) The determination of the absolute accuracy of such calculated
values, ‘
(e) The determination of the limiting frequencies at which trans-
missiop line techniques can bo employed with acceptable accuracy.
(4) The determination of the limiting conditions in conncction with {c)
above,
(e) The dotermination of the best methods of ascertaining tha proper

values of lino terminations.

(£) The determination of the effects of impeorfect linc terminations
on’ sCCWracy.

Te Bacause the work described horein was carriod on as opportunity
permitted, it doos not represant a complote or consecutive seriss of
tests bub rather throe separate sets of investigations conducted at
different timos. Consequently the results can not always bo diroctly
correlatod. Howover, this fact is of some adventage, inasmuch as the
indirect correlation of tho rosults of tests conducted with différont
equipments under differont conditions and at difforent times is indic~
ative of the accuracy of procedurc and reosults.

DESCRIPTION OF EXPERIMENTAL SETUPS

8. All sxporiments wore condusted in two soparate shielded rooms
identical in construetion, size, oand appointments., These rooms were
22 feet long, 14 feet wide and 12 foobt high and wore single shiolded
by heavy copper shoot, with tho excoption of onc ond., For purposcs
of ventilation and light, this end was shiclded by small copper mesh,
the shiolding being double and soparatod by approximately 2 inchos,

9, ‘ Tho transmission lines used were of hard drawn coppor wire,
0,066 inches in diometor, spanning tho longth of the rooms, and centorod
botween the side walls. The spacing of the linos betweon the floors

~and ceilings of the rooms differed. In tho room used for the test of

injection loop vorsus transmission line techniquos, the wire was spaced
98.4 inchos from the floor while in the ono usod for &1l other investi=
gations, this spacing was 84 inchos.

Q. The trensmission line fced was also different in the two rooms
used, in the front cese the line being fod from tho solid shioldod end
of the room, and in the other from the screencd end. In both cases,

howevor, the standord signal gonorators used for feeding the lines

wore mounted on the respective walls with their output jacks immediately -

adjacent to the transmission lines so that tho longth of lead botweon
the output jacks ocnd the linosdid not oxcoed two or threo inches,

PR
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11, Terminations for the lines were applied at tho opposite end of
the rooms end consisted of conventional composition resistors bridging
the small insulators separating the lines from tho walls, the grounded
side of the resistors being connected to the shielding of the rooms
through short, heavy Belden strips to minimize inductance.

2. In investigating injoction loop techniques, the injection loop
was kept small (approximately 10 squarc inches in area) and the spacings
between it and the collector loops wers similarly minimized, the assombly
boing kept in the approximpte center of the room to avoid serious wall
reflections. In all cases, the injection loop was fod from a standord
signal generator with sufficiently high swamping rosistance in series
therewith in order that the current in the ldéop would bo independen® of
frequency, the value of resistance being chosen so that the inductive
reactance of the loop was negligible at the highost frequency used.

PROCEDURES

13, In work of this kind, it has beon tho practice of this Laboratory
to simplify the operation of all measurcment sobups by making them as
direct reading as possible thercby minimizing the necessity for comput-
ationg. In furtherancc of this, it has been tho practioce in the produc-
tion of standardized field intensities to omploy what has boen tormed a

- "K" factor for converting tho injection volbtage from tho standard signal

gonorator to torms of field streugths in microvolts por meter ot varlous
distancos from the injoction loops or transmission lines. This is ob=
viously an arbitrary factor inasmueh as it involves both space attonua-
tion, valuos of swamping rosistence, ote., but it is of great practical
convenicnce inasmuch as for any known and procalibrated spacing betwoen
the injoction loop or transmission line and the d-f collector, it is
only necossary to divide the sbtandard signal gonerator voltage by the
"K" factor to obtain the field strongth in microvolts per motor,

14. In detormining the actual field strength existing at difforent
distancos from the transmission line, standard logp ficld intensity
metors were employed., Up to approximately 186 meghcyclos, an KCA Type
3084 instrumeont was used while above this frequency, recoursc was made
to o Measurements, Inc., Type 584 me¥er, In view of tho fact that those
two instrumonts overlap in frequency betweon 15 and 18 megacyclos, it
was possible to obtain correlation of their relative accuracies and
accordingly minimize errors rosulting from thc change in measuring .
oquipmont.

THEORETICAL CONSIDERATIONS

15. Prior %o the conduct of any experimental work on tho subject

problom, o mathematiocal analysis was made of the factors affecting tho

field intensity existing at given distances from a transmission lino

or an injoction loop and formulas ovolved or verificd for those factors. f

] t < d to yiol lts in ter i
%%1%&éo%agggliegetgoggglggjggggagrgﬁgégm rthég %hggsgurgeﬁ s‘nggtgng

in the system. This treatment is of more practical importance although
loss orthodox. : '

18, This mathema#ical troastment is containoed in Appondix Ae

-8 -
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INJECTION LOOP INVESTIGATIONS

17. The first experimental work on the problem in questiom was done
with injection loops to determine the walidity of the mathmatical treat-
ment and the duplication of measurement r esults when transferring from
transmission line to imjection loop methods, This resulted from a
specific requlrement necessitating the development of a production
method of testing in a relatively small space a certain line of small
direction finders, Unfortunately the specific requirement of this
problem did not n ecessitate consideration of the higher frequencies so
that work in these particulars was not carried on above 10 megacycles,

i8. The injection loop used waa a 10 turm rectamgular loop having

a total area of approximately 10 square inches and the receiving er
direction finder loop was a round five turn balanced loop approximately
four inches in diameter. The tést setup employed is shown by Plate 1.

The basic purpose of these particular tests was to ascertain the valid-
ity of the computed variatiom of field intensityswith spacing between

the injection and eollector loops and with the standard signal generator
inpub to the former. At the time these experiments were conducted

no field intensity meter was available and recourse was made to a prev-
iously calibrated. transmission line as a source of known field intensity,
The two standard signal generators, one for fecding the transmissiom ‘
line and the second for feeding the injection loop were previeusly checked
for coincidence of ouutput. 4 five inch cathode rayoscilloscope was
employed as an output indicator, primarily for convenience,

19.. The receiving loop was placed beneath the transmission line at

a measured distance at which the £ié1d intensity was kniwn through prev-
ious calibrations; by: computation, using Equation 4 of Appendix A, the
spacing between the injectiom loop and the receivimg loop to produce

the same field inbensity was determined and the injection loop fized in
this positiom, Thereafter - the receiving loop was excited altermately

from the transmission line and from the injection loop and the difference

between the inputs of the two sources of voltage for the same reference
output was de termined. This was done at various levels, the receliver
gain be ing decreased as the field intensity was increased in order to
preclude overloading of the receiver and to meintain the oscilloescope
image on the screen, The results are shown by Plate 2. It will be noted
that the discrepancies between the field intensities obtained by the
respective methods of injection are within observational limits amd ex-
perimental accuracy, the maximum deviation not being in excess of 5%.
It is be lieved that these tests demonstrate the validity and usefulness
ef Equation A4 of Appendix A for computing field intensity versus loop

s pacing amd injection voltage, It is further believed that such methods
may be less susceptible to inaccuracies resulting f rom uncontr ollable
conditions such as may result from the employment of transmissiom line
techniques ove r wide frequency ranges, Plate 3 has been prepared as a
useful graph for minimizing the caloulations involved in determining .*~
field intensity versus loop spacing and permits thé direct determination
of "K" in terms of spacing for various values of physical loop config~
uration and swamping resistance,

20, As a practical matter, in employing this technique, several pre-
cautioms are obviously necessary, The loop diameter or the greatest

. -h~



spocing between sides of o roctangular loop must be kept rolatively smoll
with respect to the wave longth omployeds In no case should it exceed

a fortieth of u wave length. Similarly the number of turns, their phy=-
sical §pacing, otc., should be restrictod to the point whore the resonant

" frequency of tho injection loop is well above tho highest froquency at

which it is to bo used. A4s a final precaution, the swomping resistor

should be so proportioned in size that its valuo is at least 20 +times
the inductive reactance of the loop at the highest frequency smployod.
It is generslly of practical use, inasmuch as this valuo of rosistonco
is not particularly critical, to employ resistors having an even order
of rusistanco, such as 1000, 10,000 ohms, etce

TRANSMISSION LINE INVESTIGATIONS

2l. - Tho tests described asbove verify the accurasy of data obtained

for injection loop methods of producing known field intensitics and in

view of their correlation with previous field intensity calibrations of
a transmission line partially justify the accuracy of results obtained

with the lattor. .

224 Subseguent to their conduct, threc questions arose as to tho
accuracy that might be expected in the use of o transmission line within .
a shieldod room for the creation of deoterminable ficld intonsitiocs,.

These involved the offect on acouracy of:

(a) ° The impodonce of the source of driving voltage (i.c., the sige
nel genorator. output impedance)s

(v) The dotormination ond employment of the proper value of line
torminating rosistance.

(¢) The froquoncy of measurcmont (i.c., the maximum frequency for
any givon setup,that can be smployed with acceptable accuracy).

EFFECT OF DRIVER OUTPUT IMPEDANCE ON ACCURACY

23 Cortein standord signal gencrators or othor drivers are so do-
signed that thoir output impedance varies with their output lovcl.
Practically all calculations of fiold intonsity or "K" factor below a
transmission linc aro based on tho assumption that the impedance of

the driving source is zero or at loast low in comperison with the line
impedance, In order to check the magnitude of crrors that might result
from the practical fact that this is not always true, calculations wero
made, of the orrors in "K" faétor for lines of various characteristic
impcdances that would result from the change of impsdance of the gonor-
ators used in the Laboratory when going from low to high output levels.
Ploto 4 shows the magnitude of thesée orrors and indicates that for a

460 ohm line, ‘the normal ten ohm impedance of the generator introduces

an error of only 2,5% with rospect %o the idealized zoro impedance,
which is within the limits of accuracy for mdiasuroments of this type

and hardly werrents the use of a correction factor, Howsever, when
going to the 50 ohm impedanco, the error increases to 10.8%, which does
warrant considorations This fact is of importence inasmach as it indio~-
atos that oncs a setup is calibratod for "K" factor with a certain impod=
ance of tho driver, this impedanee ¢annot be approciably changed without -
correcting tho "K" factor for the ohanges Tt similarly indicates that,

-5-
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while a low impedance linc might be advantagoous for certain other reasons,
tho usc of such o lino will meko tho sotup more eritical to changos in
driver impodonco raad conscquontly loss floxiblo in proactical usce

EFFECT OF IMPERFECY TERMINATION ON ACCURACY

24, Tho resistance valuc for thu proper termination of a tropsmission
linc con be dotermined by three methods:

-

(a) By caloulation from the geomotric dimonsions of the room and the
lino. -
(b) By calculation from a moasurcment of tho opon circuited capac-

itanco of tho linoe.

(c) By trial and srror buscd on moasursments of the stending wavos
on the line, ,
25, Caleculation of the linc impedance from the geometry of the room
and its sizc and position is rathor complicated if accuracy is 4o be ob-
teinad, excopt for certain spocial cusose

26, A for more simplo method ylolding quite accurste rosults involvos

morcly a noasurcment of tho capacitancu of thoe opon dircuited line and
tho oalculation of the line impedance from this capacitance by the
following formula:

Z = 1016
C/ft
whara .
4 - Line impedence in ohms
C/ft - Averago capacity in uuf por foot of line

The line capacitanco may be measured eithur with & "Q" moter, a "Bridge"
or by obher mothods,

27. The above formulsa applices only for eir diclectric between the
wirc and tho walls of the room.

28, The third methodé of varying the tormination in incremonts and
moasuring the standing weve ratio for oach valus of reosistanco, obtaine
ing the optimum value by inspection or interpolation of the resulting
ratios, whilo consuming more time, yiclds the most rigorous rosults,
inasmuch as tho moasurvsents are in torms of the desired end results,

29, Measuremonts that had previously beon conducted in tho shieclded
room in question up to frequencios of 30 megacycles, had indicated
reasenably aceurato tormination as judged by moasurements made on d. £,
equipmont and such fisld intunsity checks as woro made. Howover, all
such teost work had beon conducted at certain spocific frequencios which

" conceivably could have struddlod froquencivs whore difficulty could

oxist., Furthormors, checks made with a ficld intonsity metor under the
1ino had never been cdrried beyond 18 mogacycless ‘

-6-



-tho standing wave ratio buing measured for cach volue of tyrmination

30, A bost was sccordingly made to determine (.ay variation in field
intensity that might exist ot « givon distance beluw the liau with rus~
pect to variation in froquency. In osrdor to rumive s nany sources of
error as possible, = powor measurowont techniquo was ouployeds 4 round
single turn loop, six inchos in dianwtor was supporited under the truas-
mission lino ot its contor wund spocud approximately 16 inchss from the
closost point of its diumeter to tho linos Tho turminuls of the loop
wore connocted to o sensitive thormocouple, tho vulput ternminuls of
which were conneoted to an wdja¢ent indicating instrusonts The

line wos driven by a lowepowor trausmittor ond thoe applied voltupe mous-
urasd at the line with = vacuwn tube voltiwtore 4ll cloctrical adjust-
nents including the rending of the loop curreat wore mods from behind
the scruencd cnd of tho room so as to preclude uny influsncu from an .
observerts body. Fur ouch sbsorvation the volbege in tho loop was cale
culated with cue rogard to tho iwmpedanco of the loop circuit, teking
oognizancs of both the loop rouctunco at the respoctive froguoncics and
the thermocouple rusistaica.

3l. Plate 5 shows the results in torms .f percont accurscy of field
intonsitios mousured at o fixud distonco below the line, for variution
in froquoncy, the ton megacyclo valuc being tekon ws a referenco.

Whilo the date tukon on two succussivo runs by this method, as shown
by Plato § de not produce w« smooth plot duv probably to roading and
indicating inaccuraciecs of the motur usod (which through lack o5f' sufe

" ficicent powsr, had to bu operatod well down on tho sculu) the trend of

the results is unmistokuble. It indicutes that the orrors in presuned

fiold intonsity (bascd on tho 10 me valuo) begin ) increasc roepidly -
above approximately 18 megncyclos, reaching a posk at approximately 28 '
megacycloss Thessc moasuroments wore not earricd beyomnd 30 megucycles, )
tho top range :n the trunsmitter, s: thot ot tho time thoy wore tiken,

the trend bouyond 28 megucycles cihuld not be dofinitely determine:, \

32, &s a rosult of this tcst, it wis suspectod that standing waves

might oxist on the lino due to imperfoet termiuation (49€y ohms being
employod) and that tho oxistenés and the possible movomont of the current
anti-nodes of such standing waves might account for the urrors unstod.

33, 4ccordingly it was decided to check the cptimum valye of tormin-
ation and to ascertain the offectiv.ncss of such termination by & reosure-
ment of standing waves sn tho lino.

34, In furthorance of this, a tws turn loop wos constructed on a
thin plate of insulating moatorial and arranged with hangers so that
the assombly could be run along the line, using it as a RC 580NELT
This constituted a magnetically coupled probs, the loop was couplud
to o roceivor through o shislded concontric transmission linve With
this arrangomont it was quickly discoversd that apprecinble standing ;
waves did oxist on the lino, indicating that the tormination of 490 !
shis then employud was not uptimum. ' '

35.4 The line was oxcited at th&rty (30) mepneyclus :nd the vuluss
of terminating rosisbance chungud in ineroments, from zers to infinitvy,

-
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cmploysd, The rosults of this exporiment are shown by Plate 6. An
cxamination of this plate indicates three interecsting facts:

(a) 4 variation in torminating resistance of plus or minus 10%
of the optimum does mot appreciably affoct the standing wave ratios

¥

(v) The optimum value of termination appeared to be approximately
464 ohms.
(c) No value of pure resistive tormination complotuly eliminated all

standing woves from the line,.

36, The lino tormination was then ostabiished at 464 ohms and tho
chock for standing waves repeated by the use of the sams setup using
froquuncy as a variable. Tho rosults ary shown by Plate 7. Whilo it

is difficult to draw many specific conclusions from these meager dato,
thoy do indicate the possiblo oxistonce of o reactancs vven with optimum
resistive tormination and that the standing wave condition shows an
orratic tendency above upproximately 20 mogucyclos.

37 I6 would appear from tho impossibility of complotely wliminating
all stuanding waves from the line that the torminations cmployed wore
never ontirely resistive. Whilc it is sometimus thought thet this is
due to tho resistors used having a cortain amount of capacitance assoce
lated therowith, it is beliovud that the difficulty is more likely the
rosult of the inductancs of the ond walls of tho room being in sories
with the terminating rosistance. This is predicated on the analoegy
that the side walls represont tho oubor shisld of a concentric lino,
which is termineted by the end walls through tho driver impedance and
the torminoating resisbonco. Shculd this disgnosis be corrcet, the use
of a capacitance (proportioncd for the frequency inwolved) in series
with thoe torminating resistance should result in the desircd elimination
of 2ll standing woves. Unfortunately time did not permit an expeorimontal
determination of the. correctness of this hypothesis.,

EFFECT OF FREQUENCY ON ACCURACY

384 Subsoquenf to the obtainment of the data shown by Plates 6 ond 7,
it was decided to debormine the meximum frequency at which accoptable
accuracy could be obtained with o line by measuring field intensity versus
froquency up to 50 mogacyclos, at a fixed distance below the line.

39. For this purpose the loop of o« filold intensibty metor was fixed
at o distanco of 25% inches to its conter bolow the midpoint of the liro
and fiocld intonsities measurcd for constant linc injeetion over the
frequency ronge of 10 %o 50 megacycles. The rosults aro shown by Plate
9. Nov data woere takon bolow ten megacycles, inasmuch as data taken
proviotsly in tho shiolded room used for thoe injéetion loop tests in-
dicatod that results bolow 10 msgacyclos cro consistent. Those data aro
shown by Plato 8, which cannot bo direectly corrslated with data of Plate
géethe linc spacings being differont for the two casos, Plate 9 indic-

ates that, not only may inaceurate rosults bo oxpected for the particular
line and room cmployed, for frequencios above 15 mogacyclos but that, as \
had previously boon determined, resonancos appeared to exist in the
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system beyond this frequency. Un¢ quite pronounced resononce appoarced K

at approximately 26 mogacycles, anothor minor resonanco at approximately

43 mogacycleos and a third was making its appesronce at 50. It is of ) |

intorest to note that the use of this particular line and room wouyld re- !

sukt in an error os high as 70% at 26 megacycles although at othor frog-

uencics botweon 12 and 50 mogacycles, tho errors might bo less, |
b

FIELD INTENSITY GRADIENT BELOW A LINE

40, While the fiold intensity metors were available, tests were
made to determine the variation in the field intensity gradient exist-
ing between the lino and the floor of the shislded room in order to
ascertain the correctness of the equationsof Appendix A in these part-
iculars that show the "K" gradient as not following an inverse square
low with distance due to floor and coiling roflectionse.

41, This was accomplished by placing tho pickup loop of the Measure-
ments Type 58 fiold intonsity meter at varying distances bolow the contor
of the line, noting the field intonsity for comstant injection voltagc.
The results of this tost, indicating the K factor vorsus distonee below
the lino, ars shown by Plate 10, It will bo noted that not only docs

tho field intensity gradient not follow an inverse square law, but that
tho measurod valucs of "K" compare reasonably woll with  the computod
value s.

" MEASUREMENT OF ROOM RESONANCE

42, An attompt was then made to determine tho causes of tho apparent
resonant conditions existing in esithor or both the room and the lino,

In view of the complox nature of the shiclded room and the line and the
difficulty of coupling to critical voltage or curront points of unknown
pogition, an abtempt was mode to moasurd the rossnances, using the followe
ing technique, 4 roletively high Q inductance was connectod to a Q meter
bonded %o the mid point of one of the side walls of tho room with the
line in placo. 4 vertical antonna or probe was connected to the high
potential side of tho loop. The Q of this circuit was thon measurcd at
prograessively varying frequencies, on the premise that at tho rosonant
points of tho room a pronouncod reduction in Q would appoar. With this
arrangoment the 43 and 50 megacycle rosonance points were located but

the morc pronounced 26 megacycle rcosonance failed to appear. Plate 11

. shows the rosults of thoso measuremsntse

43, A physically larger inductance or loop was then connected to
the "Q" meter which was moved to tho contor of vhe room so that the
loop was eoupled relatively closo to tho linc. Under this condition a
pronounced resonanco of the line was obsorved at approximately 22.5
~megoacycles with it olther open or shorted, However, this disappeared
, When tho line was torminated with 464 ohms, Undor this condition what
might be intorproted as a very broad and ill-dofindd reésonance botwoon
24 ond 28 mogacycled appeared., Tho linoc was then removed from the room
and the oxporiment continuod in an attompt to locato any goneral room
rosonances. Curve 4 of Plato 12 indicates that under this condition a
rosonance is apparont at approximately 24.5 mogacyclos. However, too
much crodence cannot be placed on this meoasuroment inasmuch as tho "Q"

-‘9-
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meter was "hot" during the test only being grounded through approximately
six feet of power cable and since the addition of three fget of power
cable reduced the magnitude of the apparent rcesonance and at the same time
markedly changed tho measured "Q" of the loop.

" ADDITIONAL WORK TO BE DONE

44, It is unfortunate that the experimontal work reported horein

had to be conducted at such times as opportunity and the pressure of

mors importent work permittod. For this reason the data obtained are

in many cases inconclusive and in any evont have not boen carried
sufficiontly far to bo useful under many practical conditions. For
oxample, it is belisved dosireblo to make furthor investigation of the
naturo and causos of the apparent resonencos oxisting within the shielded
room and undor the transmission line with e viow toward developing methods
of climinating or corrccting such cenditions and to determine the corro-
lation between room size, line length and froquency of operation with
respect to usable accuracy of the transmission line method of producing
detorminate field intensitiocs.

45, Similarly, it is belisved desirable to make furthor investigations
with respoct to tho difficulty of obtaining perfect line tormination

with a view toward the complote slimination of all standing wavos on

the transmission line,

46. It is hopod that it will bo possiblc to obtain more data in thoso
particulars and in the noar future prepare an addendum to this report.

CONCLUSIONS

47. While tho tosts described heroin have not been sufficiontly ox-
haustive to permit the doterminetion of all the parametuers involved

in tho cmploymont of transmission lino tochniquos within a shisldod room
for tho production ot predetorminod fiold intonsities, from the trend

of tho date obtained, it is cencludoed:

(a) That the upper frequency limit at which a transmission line within
& shiolded room may bo used with rvasonablo assuranco of wccuracy is de=-
tormined by tho sizoc of the room.

(v) That within certain limits, tho smaller the room the higher tho
frequency at which a line muy bo uscd with accoptable accuracy.

(¢) That the line longth, rogardloss of room sizo should profarably
bo less than & wave length for tho highost froqueucy at which measure-
ments aro to be made,

(a) That the valuo of linc impodancs, as detormined by capacity
mogsurcments of an opon lino is sufficiently accurate to use for the
value of torminating resistanco.

(o) Thot no resistive torminetion complotely eoliminatos standing

waves,.
v

- 10 -



(£) That the use of capacitance in series with.the lide termination
might be advantageous in reducing the standing waves.

(g) That the elimination of all standing waves from a line might
possibly require & more ciisical value of line teérmination.

(h) That the use. of injection loep in lieu of transmission line
techniques might be advantageous at the higher frequencies inasmuch as
the size of the loop can be suitebly proportioned to the frequency in-
volved so as to avoid errors resulting from resonant conditions, whersas
with a transmission lineg resonances cennot be avoided unless a mylti-
plicity of rooms is available.

?
(1) That the agreement betwsen the calculated and measured values
of field intensity as well as the "K" factors for beth injection leops
end transmission lines is acceptable, provided that in the calculations
consideration is given to all the factors involved,

(3) That, with respect to (i) above, the injection loeps lend theme

selves more readily to accurate calculations because of tho absence of
intengibles in their design and use.
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Appendix A
DERIVATION

FOR .
TRANSMISFION LINE CONSTANT

45
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— #Ly (Transmissfon Lino)
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Assume that the transmission line is infinite in length.

Then by the Biot=Savart law, the magnetic component of the induction
field is given by

L

m
1}

- magnetic field, amperes per meter
}

[« %
1

# distance from transmission line to any point, meters

e
L}

= current in line, amperes

The field at any point P due to direct 1nduction from the current
in the line Ly 1is therefore

i
R~

However, the field created by the line also induces currents in the
floor and ceiling of the shielded room which im turn produce image fields

.in space, These in turn react on cach othor, producing a series ¢f secondary

images, which are of minor importance and can be noglected, The fields pro-
duced at the point P by tho primery images may be dofined ass

R crvr ey
. 2
ST ] Y.y

The rosultant magnotic ficld at the poiﬁt P, due to the current in
the transmission linc and its images, is obtainod by tho addition of the
individual fiolds, taking cognizance of tho signs; thuss

1 (1 _ 2 2
B ® 2% (T"Ed}/dfml-d)

4wk E-2 voltago applicd to the line
7o Zo® impodanco of lino

substituting and cross multiplying
L H ZJTZQ
i -1 # 1
d "2, 7/d7 24 -4

Page 2 of Appendix A
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changing from meters to inches

E = 2M 24
B, _1_/1 1 1
0255\d T3, Fa7 2& - a
€ (Field Intensity) = 12917 HE Horiwell, Page 535.

Kt-g-

ke 27 20
2070 '

L T
o254 (4 B, Aa7 2 - 3)
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s d2 are in inches
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FIELD STRENGTH DERIVATION o
FOR
INJECTION LOOP- e '

o

441
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The. mgnetic field produccd by a single closed cireuit .is givcn by
closcd closed
circuit circuit

R

" By ay‘mmetry the normal component of H (magnetic ficld) vanishes, tho
reaultant ‘being along the nxis, or H‘Ixial’ &hus:

dl = rd@
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.C";’ ' Héxi*a‘l = T‘% °

where N = mumber of turns

279N

o

= 2Trr2N1 = IN

“L1Ma3 24
bt ¢ = (R4 )b
therefore
o . .
' axial 10 x’ng
. €= 1207H Harnwell, Page 535.
then

™
"

12077 Np<1 - l%ﬁ.i ﬁl
202 7 XS)B/Z (r* 4 X<)3/2

if X»mr
€= 188507 : 2

Reducing the above equation to r in cm., and I in m.a,, the field
intonaity € #ill be in awv/m.

€ 18,0505
X
Roducing this to distonce in inchos
€s zaag,mfx
X’

It is moro conveniont ‘to oxpress I in voltage and impedancej theroforc,

2
€z 7420 Nr™E
R EEIR (2)
where R ig a snrios rosistor in loop eircuit

- Lot R)> 2T7LL go that tho curront in tho loop :I.o :lndopoadent of tho
froquomy of o#omtion. , Y
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Then equation (2) becomes , |
¥ - ,
(3) -
o Equation (3) can be further simpliﬁod for pract:leal convenienee tao
. e- | 5 - N
- : ) xﬁ' (4)
where ‘
o &2 fic1d intensity in miCrovolts per meter,
E ® gignal gonerator voltage in microvolts. applied to the
injection loop. -
e
A = area of injection loop in square inches, o
¢ . Ns= mmber of turns of injcction loop,
- X = distancoe fyom injection loop in inches,
R s sorios swamping rosistance in ohlg'in loop oirecuit.
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