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ABSTRACT

Mathematical 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 intensities in terms of distance from the source of excita-
tion and 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 transmission line operated within a shielded room have indicated
that the accuracy of field intensity below the line with respect to the
frequency employed is a function of room size, line length and perfection
of tormination. For a room 22 x 14 x 12 foet in height, using a relatively.
small diameter transmission line, computed field intensitios may be expected
to be accurate within experimental limits up to a frequency of 15 megacycles
but boyond this frequency, cortain not complotoly detormined conditions may
introduce orrors as high as 70% duo to the oxistonco of rolativoly sharp
resonances., It is shown that puro rosistive torminat.on of a small dia-
metor transmission lino within a shiclded room is inadoquate to complutoly
oliminatoc all stending waves at tho highor fruquenciocs.
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INTRODUCTION

1. In radio direction finder work, it is nocossary to conduct meny
tests and obtain much expoerimental data with the equipment operating

in an actual radio froquency fiocld rather than, as can be dono in re-
ceiver work, by tho use of standard signal generators feeding the equip-
ment through dummy antennas. Furthermore, in ordor to conduct such tests
and experimontation meaningfully, it is often nocessary to produco such
fields within a shielded room to oliminate external disturbances and to
permit tho control of such fields as wcll as to readily dotermine their
actual intonsity in torms of microvolts per moter. ’

2. In furtheranco of this requiremont, the practice has been devol-
‘oped of cmploying a terminated transmission line within a reasonably
sizod shielded room for the production of tho roquired electromagnetic
wavose Such techniques are presumvd to simulato pure vertically polar-
izod waves of computable intensity.

3. A sccond tochnique that has been omployod in the past and is
useful for cortain specific purposes involvos the employment of a so-
called injection loop, rathor than a torminated line, for producing the
electromagnetic waves, This is conveniont for cortain preduction test-
ing purposos inasmuch as it can bo omployed with relatively close spac-
ing between the injection loop and the dircction finder colloctor using
relativoly high levels of field intensity and accordingly precludes the
necossity of monopolizing a shiclded rooms Bocausc of this it is be-
lioved that a more rigorous troatmont of shioldod room transmission line
tochniques is of interest and of practical uscfulnoss. The injoction
loop case is submittod in this report in tho intercst of completenoss
of the presentation. However, and particularly in the case of the uso
of trensmission lines, no mathematical troatment can readily teke cog-
nizanco of othor intangibles, such as the effucts of imperfoct line
terminations, wires, furnituro,. observers, otc., within tho room and
similar factors. Boecauso of this, it was belioved desirable to con-
duct experimental doterminations in theso promises in order to obtain
as much information as possible about the magnitudo of thoir influoncos.

STATEMENT. OF PROBLEM

4. From timv to time it has boon nocossary to employ both of the
above modorn measuremont tochniques, that is, both injoction loops and
transmission lines and to oxtond the frequency range at which thoy aro
used to points boyond which any preovious experimental date havo boen
obtained.

5. For this roason, and inasmuch as thc accuracy of the fiold inton-
sity in which a direction finder colleoctor is placed is of primary
importence in direction findor work, it had bocome desirable, from time
to timo, to investigato tho accuracy of the various methods of producing
such fioeld intensities and to attompt to detormine the limiting para-
moeters in order to permit control of these factors.

6. Accordingly tho problom reported on horcin involved tho
following:
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(a) The development of formulas by which the field intensity exist-
ing within 'a shieldod room at verious distances frem both an injection
loop and a terminated transmission line could be calculated in terms

of the driving voltages.

(b) The determination of the absolute accuracy of such calculated
values.

(e) ‘The determination of the limiting frequencies at which trans-
missicp line techniques can bo employod with acceptable accuracy.

(d) Tho determination of the limiting conditions in conncction with (c)
above,

(e) The determination of the best methods of ascortaining the proper

values of lino terminations.

(£) The determination of the effocts of imporfect linc torminations
on accuracye. '

Te Because the work described horein was carriocd on as opportunity
permitted, it docs not represent a completc or consecutive series of
tests but rather throo separateo sets of investigations conductod at
difforont timos. Consequontly the results can not always bo dircctly
corrolatod. However, this fact is of somo advantage, inasmuch as tho
indirect correlation of the rosults of tosts conducted with differont
oquipments undor differscnt conditions and at different timos is indic-
ative of the accuracy of procedurc and rosults.

DESCRIPTION OF EXPERIMENTAL SETUPS

8. All exporiments wore conductod in two ssparate shielded rooms
identical in construction, size, and appointments. Those rooms wore
22 feot long, 14 feot widc and 12 feot high and wore singlo shiclded
by heavy copper shoot, with tho excoption of onc end. For purposcs
of ventilation and light, this end was shiclded by small copper mesh,
the shiolding boing double and scparatod by approximately 2 inchos.

9. Tho transmission lines used wero of hard drawn goppor wire,

0.065 inches in diametor, spanning the length of the rooms, and contorocd
botweon the side walls. Tho spacing of thc linos betweon the floors

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

injection loop vorsus transmission line tochniques, the wiro was spaced
98.4 inchos from the floor while in tho ono usod for all other investi-
gations, this spacing was 84 inchos.

10, The trensmission linc fced was also different in the two rooms
used, in the front case the linoe boing fod from tho solid shiocldod end
of the room, and in the other from the screencd end. In both cases,
however, tho standord signal gonorators used for feeding tho lines

woro mountod on tho respective walls with their output jacks immediatoly
adjacent to the transmission lines so that the longth of lead botweon
tho output jacks and the linosdid not excoed two or threc inchos.
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1l. Terminations for the lines worc applied at the opposite end of
the rooms and consisted of conventional composition resistors bridging
the small insulators separating the linos from tho walls, the grounded
side of the resistors boing connccted to the shielding of the rooms
through short, heavy Belden strips to minimize inductance.

12, In investigating injoction loop techniques, the injection loop
was kopt small (approximatoly 10. squarc inches in area) and the spacings
betwden it and the collector loops werse similarly minimized, the assombly
being kept in tho approximate centor of the room to avoid serious wall
rofloctions, In all cases, the injection loop was fod from a standard
signal generator with sufficiohtly high swemping rosistance in serioes
therewith in order that the current in the loop would be independent of
frequoncy, the value of resistance being chosen so that the inductive
reactance of the loop was noegligible at the highost frequency uscd.

PROCEDURES

13, In work of this kind, it has been thc practice of this Laboratory
to simplify the operation of all moasuroment sctups by making them as
direct reading as possible theroby minimizing the necessity for comput-
ations. In furtheranco of this, it has beon tho practice in tho produc-
tion of standardized field intensities to omploy what has been tormed a
"K" factor for converting the injection voltage from tho standard signal
goenerator to torms of field strengths in microvolts por meter «t various
distanceos from the injoction loops or transmission lines. This is ob-
viously an arbitrary factor inasmuch as it involves both space attenua-
tion, values of swamping rosistance, ctc., but it is of groat practical
convenience inasmuch as for any known and procalibratod spacing betwoen
the injection loop or transmission line and tho d-f collector, it is
only nocossary to divide the standard signal gonerator voltage by the
"K" factor to obtain tho field strongth in microvolts per moter., ‘

14, In detormining the actual field strongth vxisting et diffcrent
distancos from the trensmission line, standard loop ficld intensity
moters were omployed. Up to approximatoly 15 mogacycles, an KCA Type
308A instrument was used while above this froequency, recoursec was made
to a Measuroments, Inc., Type 58A meter. In viow of tho fact that thoso
two instrumonts overlap in frequency betweon 15 and 18 megacyclos, it
was possible to obtain correlation of thoir relative accuracies and
accordingly minimize crrors rosulting from the change in measuring
equipmont.

THEORETICAL CONSIDERATIONS

15, Prior to the conduct of any experimental work on tho subjcct
problom, a mathometical analysis was made of the factors affecting tho
field intensity existing at givon distances from a trensmission lino

or an injoction loop and formulas ovolved or verifiod for thosc factors.

aged o yiol 1ts in terms, of
In)881,28880 s A0, SOTREL SR HOT AT ETREST FRuld R dntn S tiREoiR S 0T 2O

in the system.’ This treatment is of more practical importanco although
less orthodox.

ls, This mathematical troatment is comtained in Appondix A
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INJECTION LOOP INVESTIGATIONS

17. The first experimental work on the problem in question was done
with injection loops to determine the validity of the mathematical treat-
ment and the duplication of measurement results when transferring from
transmission line to injection loop methods. This resulted from a
specific requirement, 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
problom did not necessitate consideration of the higher frequencies so
that work in these particulars was not carried on above 10 megacycles.

18, Tho injection loop used was a 10 turn rectangular loop having

e total aroa of approximately 10 square inches and the receiving or
diroction finder loop was & round fivo turn balanced loop ‘approximately
four inches in diameter. The test sstup employed is shown by Plate 1.
‘The basic purposc of theose particular tests was to ascertain the valid-
ity of tho computed variation of field intensity with spacing botwoon
the injection and colloctor loops and with the standard signal gener-
ator input to the former. At the timo these oxporiments wore conducted
no fiold intensity moter was available and recourse was made to a prov-
iously calibrated transmission line as a sourco of known fiold intensity.
Tho two standard signal gonorators, onc for feoding the transmission -
linc and the socond for focding tho injuction loop wora previously choecked
for coincidonco of output. A five inch cathodo ray oscilloscope was
omployed as an output indicator, primarily for convenianco.

19,  The roceiving loop was placed benoath the transmission line at

& moasurcd distancc at which tho fiecld intensity was known through prove
ious calibrations; by computation, using Equation 4 of Appondix A, the
spacing betwoon the injoction loop and the recoiving loop to produce

tho some fiold inteonsity was dotermined and the injection loop fixed in
this position. Thoroafter the recciving loop was cxcited altornately
from thoe transmission line and from the injoction loop and the difference
betwoen tho inputs of the two sources of voltage for the same reference
output was dotermined. This was donc at various lovels, the rcceiver
gain boing docroased as tho fiold intonsity was increasod in order to
proclude overloading of the roceivor and to maintain the oscilloscope
imago on tho scroon. Tho rosults ars ‘shown by Plate 2, It will be noted
that the discropancies butwoon the fiecld intensitios obtained by the
respoctive mothods of injection are within observational limits and ox-
perimental accuracy, the maximum doviation not being in excoss of 5%,

It is bolieved that thoso tests demonstrato tho validity and usefulness
of Equation 4 of Appendix A for computing field intonsity versus loop
spacing and injection voltage. It is further believed that such mothods
may be less susceptible to inaccuracies resulting from uncontrollable .
conditions such as may result from the omployment of transmission line
techniquos ovor wide frequency ranges. Plate 3 has beon prepared as a
usoful graph for minimizing tho calculations involvod in detormining
field intensity vorsus loop spacing and pormits tho direct determination
of "K" in torms of spacing for various values of physical loop config=
uration and swamping rosistanco. . '

20, As a practical matter, in omploying this ‘technique, several pro-
cautions are obviously nscossarys, The loop diamoter or the greatost
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spacing betweon sides of a rectangular loop must be kept relatively small
with respect to the wave longth employeds In no caso should it excced

a fortieth of a wave length. Similarly tho number of turns, their phy-
sical spacing, etc., should be restricted to the point whoro the resonant
frequency of tho injoction loop 'is woll above the highest frogquoncy at
which it is to bo used. As a final precaution, tho swomping resistor
should be so proportioned in size that its value is at least 20 times
tho inductive roactance of the loop at the highost frequency employed.

It is gonerally of practical use, inasmuch as this veluo of rosistanco
is not particulearly critical, to employ resistors having an oven order
of roesistanco, such es 1000, 10,000 ohms, etc,

TRANSMISSION LINE INVESTIGATIONS

21, The tests described above verify the accuracy of data obtained

for injection loop methods of producing known fiocld intensitios and in

view of their corrclation with previous field intensity calibrations of
e transmission line partially justify the accuracy of rcesults obtained

with the latter.

22, Subsequent to thoeir canduct, thrco questions arose as to the
accuracy that might be expocted in the use of a transmission line within
a shiocldod room for tho creation of determinable field intensities.
Theso involvod the effect on accuracy of:

(a) The impodance of the sourco of driving voltage (i.o., the sig-
nel gonorator output impodance),

(v) The dotormination and omployment of the proper value of line
torminating resistancos. .

(c) Tho froquoncy of moansurement (i.c., tho maximum frequency for
any givon setup, that con be employcd with acceptable accuracy).

EFFECT OF DRIVER OUTPUT IMPEDANCE ON ACCURACY

23, Cortain standard signal genorators or othor drivors are so do-
signed that their output impodance varies with thoir output lovel.
Practically all calculations of field intonsity or "K' factor below a
transmission line are based on the assumption that tho impodance of

the driving source is zoro or at loast low in comparison with the line
impedances In order to check the magnitude of errors that might rosult
from the practical fact that this is not always true, calculations wero
made of tho orrors in “K" factor for lines of various characteristic
impudances that would result from the change of impedance of the gonor-
ators used in the Loboratory whon going from low to high output lovels,
Plate 4 shows the magnitudo of those orrors and indicatos that for o

460 ohm line, the normal ten ohm impodance of the generator introduces
an error of only 2.,5% with respect to tho idealized zoro impedance,
which is within the limits of accuracy for measuroments of this type

and hordly warrants the use of a corroction factor. Howevar, when

going to tho 50 ohm impedance, the error incroases to 10.8%, which doos
worrant consideration, This fact is of importance inasmuch as it indic-
atos that onco a sotup is calibrated for "K" factor with a certain impod=
ance of tho driver, this impedance cannot bo appreciably changod without
correcting tho "K" fagtor for the change. It similarly indicatos that,
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while a low impedance line might be advantageous for cortain other reasons,
the uso of such a ling will mako the sotup mor¢ critical to changes in
driveor impodanco snd consequontly loss floxiblo in practical uso,.

EFFECT OF IMPERFECT TERMINATION ON ACCURACY

24, The resistanco valuc for the proper tormination of a transmission
lino can bo dotermined by three moethods:

(2) By calculation from the goomotric dimonsions of the room and the
linc.
(v) By cealculation from a moasuroment of tho opon circuitod capac-

itan¢o of tho lino.

(c) By trial and error basod on moasurements of tho standing waves
on the lino.

25, Calculation of tho lino impedonce from the gcometry of the room
and its sizo and position is rathor complicated if accuracy is to be ob-
tained, oxcopt for certain spocial casos.

26. A far more simple method yiolding quite accurate rosults involvos
morcly a moasurcmont of tho capacitance of the opon circuited line and
tho calculoation of tho line impedance from this capacitance by tho
following formula:

Z = 1016

C7ft
whero

4 - Line impedance in ohms ,

C/ft - Averago capacity in uuf per foot of line
The line capacitance may be mensured either with a "Q" meter, a "Bridgoe"
or by other mothods.

27. The above formula applies only for air dielectric betwsen tho
wire and tho walls of tho room.

28, - Tho third method of varying the tormination in incromonts and
moasuring the standing wavo ratio for oach value of resistance, obtain-
ing the optimum valuo by inspection or interpolation of the resulting
ratios, whilo consuming mbre time, yiclds tho most rigorous results,
inasmuch as tho moasuroments are in torms of tho desired end results,

29, Measurements that had previously boon conducted in the shiecldod
room in question up to frequencios of 30 megacycles, had indicated
reasenably accurate tormination as judged by measurements made on d. f.
equipment and such field intonsity chocks as wore made. Howovor, all
such test work had beon conducted at certain spocific froquencies which
conceivably could have straddled froquencios where difficulty could
oxist. Furthormoro, checks made with a ficld intensity metor under the
line had never boen carried beyond 18 mogacyclos.
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30. A tost was accordingly made to determino any variation in field
intensity that might exist at a givon distance below the line with ros-
pect to variation in frequency. In order to romove as meny sourcos of
error as possible, a powor measuroment technique was employed. A round
single turn loop, six inchos in diameter was supported under the trans-
mission line at its centor and spaced approximately 15 inches from the
closest point of its diameter to the line. The torminals of the loop
wore connocted to & sensitive thormocouple, tho output torminals of
which were connccted to an edjacent indicating instrument. The

lino was driven by a low-power transmittor and tho applioed voltage moas-
urad at the lino with a vacuum tubo voltmeter. All olectrical adjust-
monts including the roading of the loop current wore made from behind
the screened end of tho room so as to preclude any influoncc from an
.observer's body. For each obsorvation the voltage in the loop was cal-
culated with duo regard to tho impedance of the loop ecircuit, taking
codgnizance of hoth the loop reactance at the respoctivo frequoncies and
the thermocouple resistance,

31. Plate 5 shows the results in torms of percent accuracy of field
intensities measured at a fixed distanco below the lins, for variation
in frequoncy, the ten megacycle value being tokon as a reference.,
Whilo tho data taken on two successive runs by this mothod, as shown
by Platc 6 do not produce & smooth plot duo probably to reading and
indicating inaccuracios of tho motor usod (which through lack of sufe
ficient power, had to be oporated well dovmn on tho-scalo) the trend of
tho results is unmistakable, It indicuates that the orrors in prosumed
fiold intensity (based on tho 10 me valuo) begin %o increasc rapidly
above approximatoly 18 mogacyeles, reaching o poak at approximatoly 28
moegacycloss Thoso moasuroments wero not carriod beyond 30 megacycles,
tho top range on the transmitter, so that at tho time thoy wore taken,
the trend boyond 28 megacycles could not be dofinitely determined.

2.,  As a rosult of this test, it was suspectod that standing waves
might oxist on the line due to imperfoct tormination (49Q ohms boing
employod) ond that tho oxistenco and the possible movemont of the current
anti-nodes of such standing waves might account for the orrors noted.

33, Accbrdingly it was deoided to chock the optimum value of tormin-
ation and to ascortain the effectiveness of such termination by a measure-
ment of standing waves on tho lino,

34, In furthorance of this, a two turn loop was constructed on a
thin plate of insulating matorial and arranged with hangers so that
the assombly could bo run along the lino, using it as a mcssengor.
This constitutod a mognetically coupled proba, Tho loop was coupled
to a receivor through a shiclded concontric tronsmission lins. With
this arrangoment it was quickly discovered that appreciable standing
waves did oxist om the lino, indicating that the termination of 490
ohrs then employed was not optimum.

35. The line was oxcited at thirty (30) mogacycles and the values

of terminating resistance changed in incroments, from zero to infinity,
tho standing wave ratio boing moasurcd for cach valus of tormination
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¢mployed. The results of this exporimont are shown by Plate 6. An
examination of this plate indicates threo interosting facts:

(a) 4 variation in teorminating resistonce of plus or minus 1%
of the optimum does not appreciably affoct tho standing wave ratio.

(v) The optimum value of termination appesared to be approximately
464 ohms,

(o) No valuoc of pure résistivo tormination complotely eliminated all
standing waves from tho line.

36, The line termination was thon established at 464 ohms ond the
chock for standing waves ropeated by the use of the samc sotup using
frequency as a variable., Tho rosults arc shown by Plate 7. While it

is difficult to drow many spocific conclusions from these meagoer data,
~thoy do indicate the possiblo existence of a roactance vven with optimum
rosistive tormination and that the standing wave condition shows an
erratic tendency above approximately 20 megacyclos.

3T It would appear from tho impossibility of complatoly eliminating
all standing waves from the line that the terminations cmployed were
never ontiroly resistives While it is sometimes thought that this is
due to tho resistors used having a cortain amount of capacitance assoc-
iated therowith, it is believed that the difficulty is more likely the
result of the inductanco of the ond walls of the room being in sories
with the torminating resistance, This is prodicated on the anelogy
that the sido walls reprosont the outer shield of a concentric lino,
which is torminoted by the end walls through tho driver impedance and
the terminating resistance. Should this diagnosis be corroct, the usc
of a capacitance (proportioned for the frequoncy involved) in series
with the torminating resistance should rosult in the desircd climination
of ell standing waves., Unfortunately time did not permit an exporimental
determination of ths correctness of. this hypothesis,

EFFECT OF FREQUENCY ON ACCURACY

38. Subsoquent to the obtainment of the data shown by Plates 6 ond 7,
it was decided to determine the meximum frequency at which accoptable
accuracy could be obtained with a lino by measuring field intensity versus
froquoncy up to 50 mogacycles, at a fixed distance below the line.

39. For this purpose the loop of a fiocld intensity meter was fixed
at a distanco of 25%~inches to its conter bolow tho midpoint of the lino
and field intonsities measured for constant linc injection over the
frequency range of 10 to 50 megacyclos.s Tho rosults arc shown by Platc
9. No data were takon bolow ten megancyclos, inasmuch as data teken
previously in tho shioclded room used for the injsction loop tests in-
dicated that results below 10 megacycles aro consistent. Those data aro
shown by Plate 8, which cannot bo directly corrclated with data of Plato
9, tho lino sgacings being different for the two casus, Plate 9 indic-
atos that, not only may inaccurato results be oxpectoed for the particular
line and room cmployed, for frequoncics above 15 mogacycles but that, as
had previously boen determined, resonancos appeared to exist in the
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system boyond this frequency. One quite pronounced resonance appearcd
at approximotely 26 mogacyclos, another minor resonance at approximatoly
43 mogacycles and a third was making its appearance at 50. It is of
intorost to note that the use of this particular line and room would ro-
sult in on orror as high as 70% at 26 megacyclos although at other fregq-
uencics botweon 12 and 50 megacycles, tho orrors might be less.

FIELD INTENSITY GRADIENT BELOW A4 LINE

40. While the fiold intensity metors were availablo, tests were
mede to determine the variation in tho field intensity gradient exist-
ing botween tho lino and the floor of tho shielded room in order to
ascortain tho correctness of the equationsof Appondix A in these part-
iculars that show the "K" gradient as not following an inverse square
law with distance due to floor and coiling roflections.,

41, This was accomplished by placing tho pickup loop of the Measuro=-
moents Type 58 fiold intonsity meter at varying distances bolow the contor
of the line, noting the field intonsity for constant injection voltago.
Tho results of this tost, indicating tho K factor versus distance below
the linc, are shown by Plate 10. It will bo noted that not only does

the field intensity gradient not follow an invorse squarc law, but that
the measurcd values of "K" compare roasonably woll with  the computod
value s,

MEASUREMENT OF ROOM RESONANCE

42, fn attompt was then made to dotermine tho causos of the apparont
rosonant conditions existing in eithor or both the room and the lino.

In view of the comploux nature of the shiolded room and the lino and the
difficulty of coupling to critical voltage or curront points of unknown
position, an attompt was mnde to moasuro the resonancos, using the follow=-
ing technique. A rolatively high Q inductanco was connectod to a Q meter
bonded to the mid point of ono of the side walls of tho room with the
line in placo. 4 vertical antonna or probc was connveted to the high
potential side of the loops Tho Q of this circuit was then moasurocd at
progrossively varying froquencios, on tho premise that at tho rosonant
points of tho room a pronounced roduction in Q would appoar. With this

arrangoment the 43 and 50 megacycle rosonance points wore located but
tho moro pronounced 26 megacyclo rosonance failod to appoar. Plate 11
shows tho rosults of these moasurements.

43, 4 physically larger inductance or loop was then connceted to
the "Q" motor which was moved to tho centor of the room so that tho
loop was coupled relatively close to the line. Undor this condition a
pronounced rosonanco of the line was obsorved at approximately 22.5
mogacyclos with it either open or shorted. Howovor, this disappearcd
when tho lino was torminated with 464 ohms. Undor this condition whot
might be intorproted as a very broad and ill-dofinod resonance botwoon
24 and 28 mogacyclgs appearcd., Tho lino was then romoved from the room
and tho. oxporiment continuod in an attompt to locato ony genoral room
rosonances., Curve 4 of Plato 12 indicatos that undor this condition a
rosonance is apparont at approximatoly 24456 mogacyclos, Howover, too
much crodoncs cannot be placed on this moasuroment inasmuch as tho "Q"
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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 feet of power
cable reduced the magnitude of the apparent resonance end at the same time
markedly changed the measured "Q" of the loop.

ADDITIONAL WORK TO BE DONE

44. It is unfortunate that the experimental work reported herein

hed to be conducted at such times as opportunity and tho prossure of

more importent work permitted. For this reason the data obtainod are

in many cases inconclusive and in any eovent have not boen carried
sufficiontly far to bo usoful under many practical conditions. For
example, it is belioved desirable to make furthor investigation of tho
naturc and causcs of the apparent resonancos oxisting within the shicelded
room and undor the transmission line with a viow toward developing methods
of oliminating or corrocting 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 believed desirable to make furthor investigations
with respoct to tho difficulty of obtaining perfect line tormination

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

the transmission linc,

46, It is hopod that it will bo possiblo to obtain more data in thosc
particulars and in the near future prepare an addendum to this ruport,

CONCLUSIONS

47. While the tests deseribod heroin have not boen sufficiontly ox-
hoaustive to permit the dotermination of all the parametoers involved

in tho c¢cmploymont of transmission linoc tochniquos within a shisldod room
for tho production of predetorminocd field intonsities, from the trend

of the dato obtained, it is concludod:

(a) Thaot the upper froquency limit at which o transmission line within
a shielded room may bo usod with reasonablc assurance of accuracy is do-
tormined by tho sizo of the room. -

(v) Thot within certain limits, the smaller tho room the higher the
frequency at which a line may bo usod with accoptable accuracy.

(e) That the line longth, regardless of room sizo should proforably
be loss thon & wave length for tho highost froquency at which measure=-
ments aro to bo made.

(a) That the value of lino impcdanco, as detormined by capacity
moasurcmonts of an open lino is sufficiently accurate to use for the
valuo of torminating resistanco,

(o) That no resistive tormination complotely climinatos standing
wavoes,



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

(g)  That the elimination of all standing waves from a line might
possibly require a more criiical value of line termination.

(h) That the use of injection loop in lieu of transmission line
techniques might be adventageous at the higher frequencies inasmuch as
the size of the loop can be suitably proportioned to the frequency in=~
volved so as to avoid errors resulting from resonant conditions, whereas
with a transmission limg resonances cannot be avoided unless a multi-
plicity of rooms is available.

(1) That the agreement between the calculated and measured valuss
of field intensity as well as the "K" factors for beth injection loops
and trensmission 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 loops lend them-

selves more readily to accurate calculations because of the absence of
intangibles in thoir design and use.

-1l -
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Appendix A
DERIVATION

FOR
TRANSMISFION LINE CONSTANT

Ls

"1

(Ll dbd d Ll il ldl s
dp .
y;
T,._L._.- oLy (Transmission Line)

d__ .p
T.

d
1

ST T S
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Assume that the transmission line is infinite in length.

_Then by the Biot~Savart law, the magnetic component of the induetion
field is given by

H® g
-where
| H = magnetic field, amperes per meter
d = distance fromvtransmiésion line to any point, meterg
i = current in line, amperes

The field at any point P due to direct induction from the current
in the line Ll is therefore

A
B=sa

However, the field created by the line also induces currents ip tpe
floor and ceiling of the shielded room which in turn produce image fici4s
in space, These in turn react on cach othcr, producing a series of secondary
images, which are of minor importance and can be ncgleeted, The fielgg pro-
duced at the point P by the primary images may be defined ass

H, & = i
2 A, 7 Q)

N = =1
] Ty

The rcsultant magnetic field at the point P, due to the current iy
the transmission linc and its imeges, is obtained by the addition of ¢,
individual ficlds, teking cognizance of the signs; thus:

Hy = H) / Hy - Hy

gz (L1 # 5k
727 \d T2,747 24, - a
1

E-= voltage applied to the line
Zo® impcdance of linoc

'éqrﬁ

substiﬁuting.and cross multiplying
E = 2MZo

H 1 __1 1
t (d 2d2/'d7‘2d1.,d)
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‘changing from meters to inches

B ZTYZO
H
t 0254( 24 ? 7L2d1- )

€ (Field Intensity) = 1247 H Hermwell, Page 535.

K = -%—
K -v - 2’" Zo
120 71'(1 7L
L0254~ 24, ,Td 2dl - d)
p
k= - B (1)
230/l L T 1 s
(d 2dp 7 d 7‘2d1 - d) d, dl’ d:2 are.in inches
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FIELD STRENGTH DERIVATION
FOR
INJECTION LOOP

dl

dG ~ dH

dl = rde

The magnetic ficld produced by a single closed circuit is given by

closcd closed
clrcult ~ circuit
z = I_ rde
A'rr 2 L ) 'c%'z
ag = Idl . Irde
lwrrdz A'n‘d

By symmetry the normal component of H (magnetic field) vanishes, the
. resultant being along the axis, or Hoxials; thus:

dHpyxigl = sinfPdH = r dH

d
- Irde
4ra3
Integrating _
2NN
- 2
Haxial = %%?53 de

c
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where N = number of turns

) 5 27N
H = Ir® ©
axial 47Ta3
o
= 20Mr°NI = IreN
J, (a3 24
but 4 = (xR 4 X2)%
therefore
Haxial = Ir?N
' 2(r2 ¢ x<)3/2
€= 1200TH Harnwell, Page 535.
then
€3

_120TrNRI 88,5 MRl
2(x2 £ X°)3/2 (r< # X°)3/2
if Xowr
= 188,5 Nr<I
€ L__.%Nr__

Reducing the above equation to f in em,, 2nd I in m,a,, the field
intensity € will be in av/m,

€= 18,85 Mr<I
X

Reducing this to distance in inches

€= 7420 Nrol
X
It is more convenient to express I in voltage and impedance; thercfore,
€= 7420 Nr°E_ |
X’ ((?JTfL) A R ) (2)
where R is a sorios rosistor in loop eircuit

Let RD) 2TTfL so that the curront in the loop is independent of the
frequency of operation, ‘
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Then equation (2) becomes

€= 7420 Nr2E
xR (3)

Equation (3) can be further simplified for practical convenience to
€= 2360 NAE
X°R (4)

whore
= field intensity in microvolts per meter,

E = signal gencrator voltage in microvolts applied to the
injection loap,

area of injection loop in square inches,

A

N = number of turns of injection loop.

X = distance from injection loop in inches,
R

s gerics swamping rcsistance in ohms in loop circuit.
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