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3 REVISION OF STANDARDS FOR ..

ATTENUATION MEASUREMENTS OF SHIELDED

I ENCLOSURES

ABSTRACT

This report covers the work performed during the third quarter of

a one-year research program which began on 18 June 1958. The program

consists of theoretical and experimental investigations leading to an improved

3 standard for testing shielded enclosures in the frequency rartge of 14 kilo-

cycles to 10, 000 megacycles. The improved standard is b,.ing formulated

I in terms of tests at approximately 14 kilocycles, in the neighborhood of the

resonant frequencies of the room, and at 10, 000 megacycles. The reasons

for choosing these frequencies are; (1) shielding against low-frequency,

3 low-impiedance fields is difficult compared to other types of fields, (2) at

the mid-frequencies, enclosures exhibit resonances which can significantly

I affect the performance of the room, and (3) at very high frequencies shield-

ed enclosures exhibit phenomena not predictable fiom their performance at

the lower frequencies.

3 Two methods for evaluating shielded enclosures using lbw-,inpe-

dance, low-frequer-y fields are under investigaticn. ,The first involves the

use of a large rectangular loop which surrounds and "immerses" the room

in an essentially magnetic field. An average value of the field penetrating

I- the room is obtained using a twelve-inch pick-up loop in the center of the

room, and a two-inch pick-up loop is used to explore the field in the neigh-

borbood of wall and door Joints. Results indicate that a single imperfect

joint will measurably affect the average field in the center of the room,
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while the particular joint causing trouble can be located using the small loop.

The shielding effectiveness of a room can also be measured using

two 12-inch co-planar loops placed on either side of a wall, one loop acting

as a source and the other as a. sensor. Tests indicate that measurements

made on one wall are insensitive to imperfect joints on another. This is in

I contrast to the large loup test in which the field in the center of the room is

sensitive to poor joints in various parts of the room.

Measurements of the shielding effectiveness of materials using two

small loops indicate that the inverse frequency law which gives the reduction

of coupling between two coaxial loops due to a sheet conductor inserted be-

I twe'en them is not satisfactory. The test results are more accurately fitted

by a negative exporential law in which the exponent is proportional to the

thickness of the sheet and to the square root of the frequency.

A shielded enclosure is a rectangular cavity capable oi exhibiting

resonances. Because of this, a condition can exist in which a very high

I electric field intensity can be present in the interior of the room, due to

outside sources, even though the electric field at the surface of the inner

wallf (the field penetrating the enclosure) is s. .11. This may cause the

j "effective" attenuation of the room to be reduced significantl.y at resonance.

Measurements of the resonant frequencies of the room agree very well with

[ predicted values and high Q's (of the order of 500) have been observed.

* Electromagnetic field absorbers placed inside the enclosure have demon-

"strated the ability to reduce the effect of resonances.

"- A measurement of field intensity inside of a shielded enclosure in

the neighborhood of its resonant frequencies may be made using a dipole
S

antenna. Measurements have demonstrated that, unless the dipole is
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I Ielectrically short (of the order of 21/8), its impedance will be different

3• depending upon whether the antenna is located inside or outside the enclosure.

Consequently, the electrical length of a dipole probe should be kopt' short so

"3" I that the antenna will remain matched to the measuring device whether it is

used inside or ou,.L.dc of the enclnoure.

I in the kilomegacycle region, the penetration of an electromagnetic

field through screen materials takes place because of the perforations in the

material. This phenomenon has been examined theoretically by H. Bethe,

3l the result being the dipole theory of hole penetration. The theory is developed

for holes in a conducting sheet and its applicability to screen materials re-

s 1mains to be demonstrated.

The testing of the enclosure in the neighborhood of 10 kilomega-IT
cycles has been initiated using an AN/APS-25 radar and an AN/URM-17

3 Radio Interference-Field Intensity Measuring Set. The test results obtained

to date are not complete and the attenuation of 80 db obtained for a doubly

screened enclosure (of cell-type construction) can only be considered as

representative. Tests have also been made to obtain information regarding

I the reaction of the enclosure wall on the source. This was done by mea-

suring the reflected wave in a waveguide, one end of which was connected to

a 10 kilomegacycle source and the other to a horn illuminating the wall of

3 the enclosure. The reflection coeffcient was measured as a function of the

distance of the •. irn from the wall.

I A coaxial device ir. under development for evaluating the shielding

3 1effectiveness of materials to plane waves. Until recently, difficulty has been

experienced in removing the effects of contact resistance; however, imme-

diately prior to the writing of this report, the unit was modified and initial
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I measuremtnts indicate that this problem has been rectified. The device

i has been analyzed from the view-point of electromagnetic field theory, trans-

mission line theory, and circuit theory. Expressions are obtained for re-

flection and attenuation losses.

I
I
I
i
I
I
r
1
I
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I

| REV ON OF STANDARDS FOR

3 ATTENUATIO0N MEASUREMENTS OF SHIELDED ENCLOSURES

I. PURPOSE

The purpose of this research is to develop improved techniques

for measuring the effectiveness of shielde,1 enclosures in the frequency range

of 14 kilocycles to 10, 000 megac,1cles per second and to provide recommen-

dations for standard methods of eyaluating such enclosures.

Il. GENERAL FACTUAL DATA

A. Identification of Personnel

I Name Title Man-Hours Man-Hours
To End of Total

i__Znd Quarter

R. B. Schulz Research Engineer-Project 188 431

Engineer

L. C. Peach Research Engineer 443 803

D. P. Kanellakos Assistant Engineer 0 484

L. J. Greenstein Technical Assistant 96 136

Additior.al Engineering Services 0 41

I B. References

(1) "Electromagnetic Fields", Vol. I,
E. Weber, John Wiley and Sons, Inc.
New York, 1950, (pp. 131-134).

(2) "Static and Dynami.c Electrici-y", W.
R. Smythe, McGraw-Hill Book Co.,
Inc., 1950.
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I

(3) "Theory, Design and Engineering Evalua-
tion of Radio-Frequency Shielded Rooms",
C. S. Vasaka, Report No. NADC-E4-S41Z9,
U. S. Naval Air Development Center,
Johnsvile, Pennsylvania, 1956.

(4) "Theory of Diffraction by Small Holes",
. i. A. Bethe, The Phys. Rev., 66, Oct.

1944.

(5) "Principles of Microwave Circuits", Mont-
gomery, R. H. Dicke, and E. M. Purcel,
MIT Radiation Laboratory Series, Vol. 8,
McGraw-Hill Book Co., Inc., 1943.

(6) "Microwave Antenna Theory and Design",
S. Silver, MIT Radiation Laboratory
Series, Vol. UZ, McGraw-Hill Book Co.,
Lnc., 1949.

C. Meetings and Conferences

Date: February 3-4. 1959

Place: Armour Research Foundation

Personnel Attending:

Mr. A. P. Massey, Bureau of Ships

Mr. M. Epstein, Armour Research Foundation

Mr. L. J. Greenstein, Armour Research Foundation

Mr. D. P. Kanellakos, Armour Research Foundation

Mr. L. C. Peach, Armour Research Foundation

Mr. R. B. Schulz, Armour Research Foundation

Personnel of Armour Research Foundation reviewed the progress

on the project with Mr. Massey. The work to be conducted in the third

quarterly interval was also discussed.
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I ill DETAILED FACTUAL DATA

3�A. Introduction

The purpose of this program of research is to provide . specifica-

tion for testing shielded enclosures which will furnish a maximum amount

3 of information regarding the enclosure, without requiring an undue amount

of equipment or effort-

3 At the present time it is believed that tests should be performed

in thre.s frequency ranges, in the neighborhood of 14 kilocycles, at or near

the resonant frequencies of the roomand at 10 kilomegacycles. The "easons

for selecting these frequency ranges will be given in detail in subsequent

sections of this roport. Briefly, at low frequencies shielding against low-

impedanc- fields -is much more difficult than other types of fields and, con-

sequently, a test using such fields is believed to be necessary. Enclosures

I exhibit resonance phenomena which can very significantly affect the per-

g formance of the room: a test in this frequency range is therefore suggested.

At the very high frequenciec: shielded enclosures exhibit behavior not pre-

dictable from their performance at lower frequet. iics and, conseq-tentlv, a

test at these frequencies is advisable. A discussion of the tests performed

I [in the three frequency ranges is contained in Sections ILU-B, -C, and -D

g respectively.

The performance of a shielded enclosure is largely determined by

j both the construction of the room and the wall materials. A coaxial device

for testing shielded-enclosure materials was discussed in the previoue

quarterly progress report. A more complete discussion of the device is givý.n

in Section HII-E. The primary problem involved in the develop- at of the

device has ' een the need for minimization of contact resistance between the
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coaxial holder and the test sample. A means for circurmiventing this problem

is under investigation and is also discussed in Section II1-E.

B. Low-Frequency Tests

1. Introduction

Since the presence of low-hmipedance fields at low-frequencies is

quite common, the shielding effectiveness of a shielded enclosure should be

measured against low-impedance magnetic fields. These low-impedance

fields can most easily be produced by current loops whose dimensions are

small compared to the wavelength.

2. Low Impedance Fields

One of the methods used to produce low-impedance magnetic fields

for testing the shielded enclosure utilizes a large, square loop completely

surrounding the shielded enclosure. The loop to enclosure separation is

four inches. When a moderate current flows in the turns of the loop, it

produces a sufficiently strong magnetic field which completely surrounds

all sides of the shielded enclosure. This arrangement allows measurements

on the overall performance of the shielded enclosure to be made with sim-

plicity.

3. Experimental Results

The large rectangular loop consists of 10 turns of No. 18 plastic

insulated wire with a d. c. resistance of 2. 6 ohms. It completely surrounds
,

the copper-screened, cell-type shielded enclosure of approximate dimen-

sions 8 feet x 10 feet x 8 feet. Measurements of the input impedance of the

Supplied by Ace Engineering and Machine Company, Inc. Philadel-
phia, Pennsylvania
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loop were made with a General Radio Impedance Bridge at Z00 kc with the

3 loop in a horizontal plane midway down tne screen room. The impedance

value recorded was 25 + j 1450 ohms. In order to obtain a sufficiently large

3 value of current flowing in the loop, so that measurable fields will be pro-

duced inside the shielded enclosure, the inductance was tuned out at Z00 kc.

I using a 480-uuf capacitor. The inductance of the loop is therefore 1. 15 mh

and 1. 32 mh when calculated from the impedance and capacitance measure-

ments, respectively. The variation of magnetic field intensity detected in-

3 side the shielded enclosure, with respect to voltage applied to the loop

terminals, was linear. Bcth magnetic and electric fields can be detected

5 inside the screen room by the use of a loop and a whip (rod) antenna, res-

pectively.

a. Insertion-Loss Measurements

The large rectangular loop was used in conj unction with a small

twelve-inch circular ten turn loop in making insertion-ioss measurements.

The voltage induced in the ten turn loop at the center of the room, while the

large loop was excited, was comparcd with-the theoretically expected vol-

tage induced in the I op in the absence of the enclosure. Both measure-

I ments are taken in the center and plane of the loop. In addition the insertion1

loss was measured using two co-planar loops . Measurements were ver-

formed at 15 kc. and 200 kc.

I1

Attenuation measurements for low impedance magnetic fields are
usually made with two twelve inch in diameter, single turn loops
placed a distance of twenty five inches apart. The coupling of the

loopi is measuried wlth and without the presence of a screening
material. See MIL-STD-285 p. 5.
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,II

Insertior Loss at

15 k ZOO kc

1. Large loop outside: 61 db 97 db
Small IZ-inch, 10 turn

t •loop inside at the center
of the room.

2. Two 1Z-inch 10 turn 56 db 95 db
loops; 7 inches apart

3. Two 12 inch single turn 56 db
loops; 7 inches apart

In the two-small-loop method the two loops were placed seven

inches apart to obtain adequate coupling between them. The insertion loss

measured under the conditions I and Z or 3above is not the same because the

imrpedance of the fields produced by the one foot loop and the large loop is

different and, also, because the loop and shielding geo.n.etry is not dhe same.

The coupling between the two 12 inch single turn loops at 200 kc. was too

weak to give measurable signals; thus no value of insertion loss is given at

200 kc. for these loops.

The theoretically expected value of the voltage induced in a small

single-turn circular loop when placed in the center and co-planar with a large

rectangular loop was obtained from the following.

Consider a rectangular loop in the xy-plane of side Za and Zb meters, as

shown in Figure 1, carrying a current I amperes in its conductor whose

cross section is considered small compared with 2a or Zb. The vector poten-

tial at a distance rs from an element of a conductor of length dl,, carrying

a current I is given by

47r,
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3 p(x, y, z)

r4

a a

I

x

FIG. 1 - FIELD DUE TO A RECTANGULAR LOOPI
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For the rectangular loops, • has two components A and A given by1
"Xx y

(2)> A, =/_ __

where rl, r 2 , r 3 , r 4 are the distances froin the point P to the individual

vertices of the rectangular loop, respectively. At the xy plane of the

rectangle, B = B = 0.x y

The flux density in the plane of the loop is given by

(4) Bz A A - ,,

Eq. (4) is completely general on the xy plane (z = 0.)

The field at the center of the loop is given by

(5) 6 . -,

The large rectangular loop, (a 1 1. 15 meters , b = 1.55 meters)

carrying a current of ZOO ma. rms will yield a field at the center equal to,

(6) 8 z = 423iu0 7  &j ae-ts

Reference (1) pp. 131-134.
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Sii4.

This field will induce a voltage in a 12-inch single-turn circular loop equal

S°to

(7) if By. 9 ~.3 n'mya /kc.

3 where A in the area of the circular loop.

The large rectangular loop was taken off the screen room and the

induced voltage at the center of the loop was experimentally measured. It

was found that in the frequency range from 1 to 15 kc., Lhe ratio of measured

voltage to the calculated voltage was 0. 855 over the frequency band men-

3 tioned above. The reasons for this difference have not been determ.ined as

yet.

b. Effect of Slit (Leaky Joint) on Shielding Effectiveneas

i This test was pmrformed in order to find a suitable method of

g identifying leaky joints at low frequenciea. The contact surfaces between

the screen door and the daor jamb were thoroughly cleaned with emery

I cloth.

The voltage induced in a ten-turn loop inside the room, due to a field

I produced by a similar and co-axial loop outside the room was measured.

The loops were meven -nches apart. This was done at several locations in

the room. The large lovp was then excited, and the voltage induced in a ten-

turn loop inside the room was measured at the same locations.

The entire vertical contact surfaces between the handle side of the

3 door and jamb were covered with adhesive tape to produce an inst'2Iated Joint.

The above measurements were then repeated. The ratio of the induced

voltages obtained in the presence and absence of the tape are listed below.

AI 0 A OU I &S IC A 0C W b U 1411A f ) 4 C) r 4n itT J n' I 'S(WW )LC
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The measurements were made at 12 kc.

(1) Coupling between two 12-inch, 10-turn loops with and without

tape.

Door: Vwith tape at joint
V

Handle side of -without tape at joint
10

Hinge side of 1.2

Middle panel of 1. 2

Side Panels:

Middle position 1.0

(2) Coupling between large rectangular loop "bathing" the

room from outisde and a 12-inch. 10 turn loot inside at

location indicated.

Door: V with tape at joint

Handle side of without tape at joint
10

Hinge side of I

Middle panel of 3

Center of room 8

A small 2-inch diameter, 150-turn loop was used as a search de-

vice for locating leaks while t-e large loop was exciting the room from the

'-%utsid- When the search loop was carried around the periphe,.y of the

room and at the same height as the rectangular loop, it was fo;nd that the

variation of the pickup voltage was very pronouniced near leaky Joints. This

test revealed that some joints leaked about 5 to 15 timres as much ts the

middle of the panels whereas the taped door was leaking 10 times as much

as the center of panels.

- 10 ARF Proj. E108
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I Figure 2 depictm a plan view of the relative magnitude of the mag-

netic field at 12 kc inside the screen room as was picked up by the small

searching loop (with no tape at the joint). The pronctLnced variation of the

field intensity near leaky joints is evident. The figure indicates that the

joint near the hinge side of the door was leaking excessively. This joint

was tightened and the test reveated. As can be seen from Figure 3, the

amount of leaking was reduced considerably.

The insertion loss of the shielded enclosure was also measured

I with the presence of the leaky (taped) Joint using the large rectangular loop

outside and the small loop inside and at the center of the shielded enclosure.

I It was found at 12 kc the taped joint reduced the insertion loss by 18 db.

1 4. Conclusions

As can be seen from test (2), the reading in the center of the room,

with the tape at the door joint, is about 8 times as large when the door joint

if is not leaking. This demonstrates that the test employing the large rectan-

gular loop is sensitive to leaky joints. The leaky jointd can be located using

a small probe loop to explore the inside of the room while the large loop is

i excited. Test (1) indicates that the two-loop-method is insensitive to a leaky

joint unless the test is made at that joint.

if It appears that the large loop method is also a more efficient tech-

nique than the two 12-inch loop method. The large loop provides a constant

magnetic field around the entire room, hence only one person is required to

explore the fields in the room with a small searchingi loop. The two-loc:

method requtires the services of two people at the s;,.ne time and greater

care nrust be exercised in keeping the distance between loops constant so that

t . Ou It1SA Cw $ 0III l N Ou O&A Ccw. A 01 F L t ,140 S U,•$ rtur T1 t 0 G T
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21 repetitive measurements may be obtained.

5. Experimental Veriuication of the Formula for the Gouplin•

Between Two Coaxial Loops

In the Second Quarterly Progress Report, a formula was given for

the reduction in the coupling between two coayial loops due to an infinite

planar sheet of conducting material.

.2o.3 RP-C

N : ratio of lux linkages with the absence and the
presence of the sheet

f : frequency in cycles per second

d = thickness of sheet in inches

a,b = radii of loops in inches

c : distance between loops in inches P I
R resistivity, relative to copper, of sheet = -

jr= relative permeability of sheet = --

The f.actmsin the above equation which characterize the sheet are

Rr, d, and ILr while those which characterize the loops are a and b.

"The general formula. from which the above equation is derived is

(9) A - -

The energy coupled between two loops at closle spacings varies
inversely as the cube of the distance between their centers. Thus
small errors in the spacing of the loops is apt to produce large
errors in their coupling.

Reference (2), p. 533
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I where A I is the applied vector potential

2 is the vector potential resulting from the predence of the sheet

RT is the surface resistivity of the sheet

3 t is the permeability of the sheet

The formula is of interest because it gives the change in vector potential

resulting from an infinite planar sheet in terms of an integral of the applied

3 vector potential. Thus, the shielding effectiveness of a sheet of material

can be calculated for complex applied fields without resorting to mode

3 solutions.

Equation (8) was investigated for three materials: copper, alumi-

num, and steel. Tests were performed for sheets of thicknesses of 1/3Z",

S1/ 16t", and 1/8" depending upon availability.

The coaxial loops used consisted of 150 turns wound to a radius of

3 one inch. The current was supplied to the driven loop by an audio oscilla-

tor and the voltage induced in the second loop was measured by an audio

3 voltmeter. A frequency rzonge of 100 cycles to Z0,000 cycles was covered

3 in the test.

In the test procedure the value of c changed with the thickness of the

3 material, that is, c was related to d by

(10) c = K + d

I The formula then takes the form

(11) R,~~jt~(~ t

In the tests, a and b were each one inch and K was 0. 69 inch, so that the

I formula reduces to

I ARMOUR RESEARCH FOUN DA'j ION O0F ILLINOIS PI ST ITU T E OF TECHNOLOGY
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(1)Pr (o~ + d w

The largest value of d used was 0. 125 inch so that d2 was at most

0. 0156 square inches, which can be neglected compared to 2. 48.

The first set of curves, Figures 4 through 6, gives the value of N

versus frequency for copper, aluminum, and eteel. Both the theoretical

curves given by t1Z) and experimental curves aze given.

The regular deviations of the experimental from the theoretical

curves indicate that another law may be more representative. The general

shape of the curves suggests a law of the form

(13) N = ekg

Suitable values of k were obtained for a particular sheet (material

and thickness) by using the measured values of N, at various frequencies,

to calculate values of k corresponding to these frequencies. The average

value of these computed values of k was taken as the value of k for the sheet.

This value of k was then used to calculate an attenuation-versus-

frequency curve for that sheet. These curves are shown in Figures 7

through 9. As indicated, the correspondence between experiment and the

general form given by (13) is better than that given by the formula (8).

In order to pursue the development of a suitable formula, k was

plotted against the thickness of the sheet for sheets of the same material.

The results are shown in Figure 10. Although the data are inadequate for

an accurate prediction, it suggests the form

(14) k Qa
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It follows then that (13) will take the form

(15) N e = e

The attenuation of a plane wave passing through a conductor is

given by the form

(16)

where all the symbols in Eq. (16) are defined on page 13 of this report.

Equation (16) suggests that the measured value of *( Should be approximate-

ly equal to 1 pal. The" values of C and FI RUI are given below for copper,

aluminum and iron:

Material _(

Copper 17 15. 1 4 r 1

Aluminum 13 12.9 1

Iron (Mýagnetic) 82 a.
C d; c

The data, Plthough inconclusive, suggest that the attenuation is more

accurately given by the cc,.ventlonal form of a negative exponential varia-

tion than by the hyperbolic variation given by (8).

The discussion, thus tar, has been concerned with solid materials.

Siree a large number of the shielded enclosures are constructed of -creen

ing materials, it was of interest to perform tests on these materials. The

reduction of flux linkages was measured for two layers of screen material

in cell -type constructi )n. The results are shown in Figure 1 1. Consider

aga~n equation (12).

1 ARF Pro., E108
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1

Rr 0. 6q # 40

For the screen materials, the physical thickness d of the two layers

was much less than 0.69 inch so that the formula can be approximately

j given by

1 ~~~(17)N O.

Since 1 = 1, it follows thatlr
1(18) N- I t|

N I

The value of N at f equal to 6400 is 0. 28 which yields a value of

R I1 equal to Z19. Fox solid copper to have the same Rid ratio would re-

quire d to be equal to 0. 0046 inch.

The experimental results indicate that the formula given by
I R

equation (1Z) is not at all satisfactory. The selection of r equal to 219

was arbitrary and would vary with f.

The experimental data were also explored for correspcndence to

the attenuation formula given by Equation (13),

(i3) N

An averaging process yielded a value of k = 0. 0154; this value

was then used to plot a curve which is also entered in Figure 11. It is
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evident that in the low-frequency region the formula given by equation (13)

fits the experimental data much more accurately.

I 6. Plane-Wave Impedance Fields

For the technical consistency in having one single kind of test

apply over the entire radio-frequency spectrum, it would be desirable to

use a plane-wave source at low frequencies since it is required at high

frequencies. Even more important than technical consistency is the de-

sirability of being able to determine from such tests effective electrical

parameters, such as conductivity and permeability, for the shielded ePr-

closure under test. From these effective parameters, it might be possible

3 to calculate th, performance of tl-' shielded enclosure for an incident wave

of any other impedance.

An attempt was made to create a plane wave at a frequency of 15

kc by sending a uniform current through a "planar" surface of hardware

mesh (8 x 8 wires to the inch) approximately iZ feet x 8 feet in extent.

1i Measurements indicated reasonably uniform magnetic field distribution

over planes parallel to the current sheet and within several feet of it, ex-

cept for locations within approximately 0. 5 to 1. 5 feet of the edges of the

sheet. Electric field measurements were also performed, but the readings

were disappointingly small. In other words, the wa,,e impedance was far

3I less than that of a plane wave.

Re-examination of the theoretical basis for such a source indicates

1 that a uniform current should produce a uniform plane wave provided (and

K I this point is not illuminated in earlier writings) that the uniform current

sheet has the same impedance as free space, a condition not satisfied by the

1 metallic surface of the test source.
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Several suggestions have been made for overcoming this experi-

mental difficulty. One is that current might be fed through a grid of high-

resistance wires in order to permit setting up on adequate electric field at

their surfaces. Another is that a plane wave might be generated syntheti-

cally be setting up the electric and magnetic fields separately. The uniform

current sheet could be used to generate the magnetic field and a pair of

parallel plates could be excited by a high potential to generate the electric

field.

A decision whether to pursue these approaches will depend upon a

forthcoming evaluation of the practical utility of such measurements.

C. Measurements at Mid-Frequencies

1. Introduction

The presence of standing waves in a shielded enclosure at or near

the resonant frequencies reduces its shielding effectiveness, since an

impinging electromagnetic field can generate fields inside the enclosure

that are much larger than the plane wave theory would predict if there were

no resonances. Furthermore, the field intensity inside can vary over wide

limits inside the room because the Q of the shielded enclosure, considered

j as a cavity, is high. The performance of any electrical equipment placed

inside the enclosures, at points where the field intensity is high because of

resonance, can be affected in an unfavorable manner.

The shielded enclosure also has an influence on the impedance of

a half-wave dipole antenna which is usually employed to measure its effec-

tiveness at these frequencies, and makes it appear more reactive inside the

room than it is outside.
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The prese-ice of standing waves and the change of antenna impedance

makes any measurements taken at these (resonant) frequencies questionable,

unless some knowledge is available about the behavior of the rom at these

frequencies. The behavior at tbe resonant frequencies cannot be predicted

i from the known behavior of the enclosure at either low or high frequencies.

Therefore, it is believed that a test should be established at or near its

natural resonant frequencies.

2. The Shielded Enclosure as a Rectangular Cavitity

Any region bounded by conducting walls, within which resonant electro-

I magnetic fields may exist in the form of standing waves, constitutes a cavity

resonator. A cavity resonator may have an infinite number of resonant fre-

quencies. Resonance in a rectangular cavity occurs when

(19)
I

where:

c = length of the cavity resonator

S= the guide wavelength of resonator)and n is an integer.

3 The shielded enclosure will act as a cavity resonator at its natural

Sfrequencies, fmnp' given byI

(2C)f - CO~~ 1

where, as shown in Figure 12',

3 a = width = 1.94 meters for the roorrm under test

b = height = 2. 25 meters " " " to

3 c = length = 3.00 meters " i i " I

and where no two oi the integers m, n and p may be zero simultaneously.

* Reference (2), p. 533.
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Some of the lowest resonant frequencies of the enclosure under test: are

fl110 102 mc fOil = 83.4 mc f 2 1 0 = 167 mc f112 = 143 mc

f 1 0 1 = 92 mc fIII = 114 mc f 1 2 0 = 155 mc f122 = 184 mc

f221 210 mi f322 = 332 mc f233 = 323 mc etc.

3. Experimental Results

a. Measurement of Resopant Frequencies

Attempts were made to measure experimentally the resonant fre-

quencies of a cell-type copper-screened enclosure. In order to check the

lowest group of frequencies around 100 mc, the TMo1O mode was excited

as shown in Figlire 13. The two loops were made from RG-58/U cable with

the shielding but not the insulation removed. The linear length of the loops

I was 18 inches. The room showed a resonance at 84 Mc which agrees with

* the predicted value.

The loops were replaced by short "monopoles" 6 inches long made

from the same cable (see Figure 14). The monopoles were placed in the

middle of the ab wall and perpendicular -.-. This type of probe will excite

I TM modes, in a waveguide of cross section ab. Resonances were observed
at 101.6, 215, and 322 mc. These are the TMll0 TM221 and TM 232 modes,

respectiv ely.

The resonances are confined to a very narrow bandwidth and are

difficult to locate if not calculated before hand. The Q of ýhe cavity is of the

I order of 540 at Z15 Mc and follows the expected frequency variation, (the Q

-is lower at low frequencies and higher at high frequencies). The Q at fo

was measured by observing the bandwidth M(al.th 3 db points) and calcula-

ting the Q from the formula

(10) ý

ARMOUR R EIS EARCH IOUNDATION OF 1LLNOI1S IN S11TUT OF TECI4NOLOGY

- 31 - ARF Proj. El08
Quar. Rpt. No. 3



11 pick-upglloop

- - - MAGNETIC FIELD LINES

SELECTRIC FIELD LINES

FIG. 13 - EXCITATION OF THE TM OlMODE

APMOUP RE SE A QCH FO0U N DA TIO0N 0OF I LL I NOI1S iN S TI TU TF. O F TECHNOLOGY



II
I

I -PICKUP PROBE

ifi
0b

~~~ 
-0 --- MANE-C-IED-LNE

-z

ELGETRIC FIELD LINES

FIG. 14 EXCITATION OF THE MODE

ARMOUR RESEARCH FOU N DA TION O F I L LI NO1S I NS TT U TE OF TECHNOLOGY

-3-

/,llll~lll
ii* -- *



b. Effect of Absorbing Materials on Standing Waves

The magnitude of the standing waves in the screen room at the re-

sonant frequency of 215 mc was measured. This was done by measuring the

relative de-coapling between the two 6-inch short monopole antennas when

placed, both inside and outside the shielded enclosure. The setup of Figure

15 depicts the method used in measuring the relative de-coupling. The

signal generator was first connected to the detector through the pads and

the voltage in the detector was recorded as V The cavity (shielded en-

closure) was then inserted between the pads and the voltage in the detector

recorded as V 2. The de-coupling is then given as,

At the resonant frequency of 215 mc, the de-coupling was -23 db.

The antennas were taken outside the shielded enclosure, placed the same

distance apart, and backed by 48-inch square copper plates acting as "ground

planes" to simulate the sides of the shielded enclosure, At the same fre-

quency the de-coupling was -40 db.

This test shows that since the coupling of the antennas is weaker

outside, then there must be large fields residing in the shielded enclosure

at the resonant frequencies. To verify this statement, lossy material was

placed around the lower portion ot the walls of the shielded -nclosure cover-

ing a strip about two ;eet high. The coupling between the two antennas was

reduced by A. 0 db.

The tests to determine the resonant frequencies experimentally

were performed in order to obtain (1) some knowledge of the magnitudes of
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the standing waves that are present within the shielded enclosure in the

neighborhood of these resonant frequencies and (2) the amount of coupling

of these fields to a dipole antenna.

4. Effects on Impedance of a Dipole

At the mid-frequencies, it is more convenient to use half-wave

resonant dipoles for measuring the fields. The change in ra.k4Laion imped-

ance of such dipoles (both hal' -wave and electrically short) when in and out

the shielded enclosure was measured with a Hewlett-Packard VHF Bridge.

Tests were run at enclosure resonant frequencies and off resonant frequen-

cies, namely at 83.4 mc, 150 mc and 215 mc. The test results indicate

that the impedance of a half-wave, resonant-dipole antenna changes appre-

ciably when placed inside che shielded enclosure and when rotated inside

the enclosure. The change is more pronounced at the resonant frequencies

of the enclosure. The change of impedance is not as great when the antenna

is between a quarter and an eighth wavelength. The quaxititative results of

the tests are summarized in the table which appears on the next page.

I). High-Frequency Tests

1. Introduction

The electrical parameters p, j&, and E6 of shielding materials

change with frequency. Since the reflection and attenuation losses, and

therefore the shielding eif-ectiveness, depend on these parameters, a test

of the performance of the shielded en.-Josure at hi;h frequencies is

neceasary. The shielding effectiveness f an -nclosure at microwave fre-

quencies is high and is very much affected by both the ,ipacing between

Lhields kin the case of doubly shielded enclosures) and the spacing and size

A Q A ,2 4" A NS~~? % I i jTj 6 $WNO(OCV
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U
TABLE I

IMPEDANCE OF DIPOLE ANTENNA OF DIFFERENT LENGTHS (1)

WHEN PLACED INSIDE AND OUTSIDE A RECTANGULAK SHIELDED ENCLOSURE

3 A. Measurements at the 8B mc, rezona, t frequency:

f f Orientation of Z Z Z. i Z. z
(mc.) Antenna inside oin out onm out

Shielded Enclosure ohms ohms ohms ohms ohms ohm

83.4 LengitudinbI 59b 459/45,

jj 83.4 kt 45@ 128L.7j... 271-87- 542A1.... 6 72LO
83.4 Transverselyl 19 E/jJ.yL... 694AAZ.

B. Measurements at 'he 215 mc. rescna-t frecqIency

f Orientation of Z. i z o
(mc) Artenna inside ohm out oin h nout

S-1ielded Enclosure ohms ohms ohms ohms

235 Lo#igttudinrA'y ~ 4 Li. 7 3L- 16.. 1 15L6t7: 202b3

II 215 Transversely 67L-72 73L-'6 115L67-

il C. Measurement* 150 mc. oif-resonaw, frequency

I Orientatjo,-2. Z.Z Z. Z.

(mc.) Antenna in in Zout zin zin in outShielded nclOenne o0.ms ohms ohms hms ohms ohms

150 Longitudinally* SOL!?--:~ 1946A 93.8

1-50 Tianeversely* 320/3- 7 1_8 182Z65 136Z66- 93.8/i 71AL..
*/

3 Antenna oriented along dimension c of shielded enclosure.

Antenna oriented along dimension a of enclosure.
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of the perforations in the screening material. The space between shields

can support high standing waves whenever the spacing ie equal to n.,m

where • is th• wavelength and n is an interge•; this situation can bring

about a 3-db decrease in shielding effectiveness below the value of a single

screen wall. I During the next interval attempts will be made to find a re-

lationship between the shielding effectiveness of perforated screening ma-

terials and corresponding wire meshes.

Z. Hole-Dipole Theory

When a plane wave strikes a perforated conducting plane sheet of

material, the radiation through the hcles (perforations) can be described in

terms of the fields from electric and magnetic dipoles within the holes.Z

The electric- and magnetic-dipole-moment strengths are proportional to

the electric and magnetic fields of the incident plane wave that exists out-

side the hole. Tb- constauts of proportionality are called the polarizabili-

ties and, for the case of simple geometries of holes, are given in the

literature. Z, 3

Consider a normally incident plane wave which has its electric and

magnetic field components parallel to the perforated plane. Then only the

magnetic-field component will contribute to the magnetic-dipola strength of

the hole. The equivalent magnetic dipole lies on the plane of the hole and

has a value

1 Reference (3), pp. 71-77

2 Reference (4). pp. 163-181

Reference (5), pp. 176-179

ARMOUP R E E Z ARC M FOUNDATION OF ILLINOIS !NSTITUT• OF TYCHNOLOGY

- 38 - ARF Proj. El08
Quar. Rpt. No. 3



I
I

I where

0AM s the magnetic moment

Sa = the radius of the hole

J* = the magnetic field of the incident plane wave0I of direction I•

Take the direction of IM in the z direction. Then the fields at a point p(x,

y, z) in front of a two-dimension-l distributirn of such magnetic dipoles will

H be given by 3

II(Z3) £IP(rj ep F~r o e( 191q') R( 19, ) Fz-(&.)

and

Iwhere E Tand H 9 are the total electric and magnetic fields at the point

(r, 9, 0) due to Nx dipoles in the X- and Nz dipoles in the Z-direction,

3 respectively.

In determining the total fields only the far-field component of each

dipole is considered. Thus,

1 3
3 Reference (6), pp. 104-106
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is the far-electric-field component due to a magnetic c.ipole of strength m0
1

at the origin and directed in the z direction, and

is the far-magnetic-field component due to a magnetic dipole of strength.

2 Z.r w
m at the origin and directed in the z direction. Here p = - = -c

Fx (0, 0) and Fz (0P 0) are form factors which modify the fields

due to Nx and N dipoles in the X- and Z-directionns, respectively.

Since a plane wave is incident on the perforated plane, aUl magne-

tic diuolea induced in the holes have the same magnitude and phase. Thus,

from reference (6), pp. 104-106

(Z7) X %f)J~ [L
and

(2a) F2 e L

1 Reference (6) p. 95

2
Ibid. p. 96
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Ip

where ax and az are the separation between dipoles in the r. and z directions,
respectively, as shown in Figure 16.

I For the purpose of our measurementa, let -= 90" = 0, and r = y (see* Figure 16). Then sin 9 = sin? 1 and cos 0 = cos 0 = 0 and Equations (27)

and (28) become

I (29) F) = Nix (30) Fl. -- +I

respectively.

Since we work in free space

[J (31) (3A~(k f? /~ .or

1 where o =iand c is the velocity of light in free space.

ifTo simplify calculations let

H(33 )(=M

II Equations (23) and (24) then become

and

(35) Y
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I

Equations (34) and (35) constitute the electric and ma gnetic fields of plane-

wave traveling away from the sczaen and thus constitute the wave transmitted

through the holes.

3 It is planned that a given area of a thin conducting sheet will be per-

forated, placed on a false door of the shielded enclosure, and illuminated

I with a plane wave. The radiation inside the shielded enclosure will be meas-

3 ured. In order to prevent leaking, the unused plane material and side panels

will be covered with absorbing material. Measurements will be performed

I also on single layer and multi-layer wire mesh screens and a correlation

will be sought between the shielding effectiveness of the perforated materials

I and the wire mesh materials.

3. Experimental Results

II During this quarterly period, tests were initiated for the measure-

ment ot shielding effectiveness of screening materials and a screened room

at the high end of a frequency range, e. g., 10, 000 Mc. The source consists

of an AN/APS-25 radir, the output of which is directed by means of a rectaug-

ular horn onto the screening material under test.

Viriation of the reflection zo-ff.cient of the horn with distance from

a plane sheet of conducting (screening) material was measured with a ratio

meter, as shown in Figure 17, at 9. 375 kmc. This test was performed to

3 determine (1) how close a distance a horn can be placed to a shielding

material (with good reflecting characteristics) befre its radiation pattern

fl is appreciably changed, and (2) the amount of reflected energy going back

into the horn. Table II gives the results of the tests.
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FIG. 17 - EXPERIMENTAL SET-UP FOR MEASURING THE REFLECTION
COEFFICIENT OF A HORN ANTENNA
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I TABLE II

""DETERMINATION OF P OF A HORN AT' X-BAND WHEN IT

ILLUMINATES A PLANE SHEET OF SCREENING MATERIAL

A. Solid Copeur Sheet 4' x 4' x I/3Z"

d (cm) 5 10 is zo 25 30 50 130 210

- max .58 .40 .25 .23 .22 .zo .17 .1z .10

Pmin .28 .13 .06 .03 .0Z .02 .03 .08 .06I

B. One Panel of Screening Room

d (cm) 25 30 60 90 iz0

P .09 .09 .08 .15 .06

The maximum and minimum values of the reflection coeficient,

P, in the case of the solid copper sheet, were obtained by tilting the copper

3I sheet forward to backward from its vertical position. Pressing the screen

room material so as to distort its plane surface changes the reflecting co-

I efficient ftom three to five times the undisturled value. These facts indi-

SI cate that the distance of the horn from the reflecting surface should be kept

at least 15 to 20 wavelengths so that uniform illarnination and least scatter-

3 ing in the off-normal direction to the surface will result. The energy

source will also be protected from excessive amounts of reflected power.

Initially, the coupling between two rectangular horns when the

3 iscreen room was and wau not intervening was measured. The insertion

I
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loss of the screen room at 9. 375 kmc was found to be an average value of

about 80 db. As a detector, an AN/URM-4Z instrument, an IM-52/URM-17

Radio-Interfer ence/Field-Intensity Meter with a TN-131/APR-9 tuning head,

was used. More precise tests on the screen room and on different screen-

ing materials will be performed during the next quarterly interval.

Attempts will also be made to investigate the behavior oi joints at

microwave frequencies.

E. Coaxial Testing Device

11 Introduction

In the Second Quarterly Progress Report it was indicated that a

section of coaxial transmission line could be used to measure the shielding

effectiveness of materials to plane-waves. A lamina of the material is

inserted in the line as a barrier extending from the inner to the outer co-

axial conductors and perpendicular to them, as in Figut-r 18. The justifi-

cation for assuming that the barrier will respond to the TEM mode in a

coaxial waveguide, in the same manner that it would to a plane wave, was

given in the Second Quarterly Progress Report.

2. Field Theory Eguivalent Circuit

It is of interest to examine the analogy between the coaxial wave-

guide and the transmission line. Below a given frequency determined by

the dimensions of the coaxial waveguide only the TEM mode will propagate.

Maximum and minimum values of attenuation are obtained
by changing the separation distance of the two screens

corresponding to a separation between shields of (Zn+l) 4-

and 2n respectively, where n is an integer.
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I
I
I
I
I

RADIUS OF OUTER CONDUCTOR, b

U

SRADIUS OF INNER CONDUCTOR, a OF THICKNESS, d

FIG. 1$ - CROSS-SECTIONAL VIEW OF COAXIAL TEST DEVICEI
I
I
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When wall losses are negligible, the field equations are given by

(36) -(C+,/•)Ep m.- H

Z•z

where

E p is the radial electric field of the TEM mode, and

Ho i. the circumferential magnetic field.

The variation of the fields along the length of the waveguide and in

time is given by •jwt -" , where jwI (a +jwE ) has its usual signi-

ficance,

The relationship between the field quantities (the electric and

magnetic fields) and the voltage across the current along the line can be

obtained from Maxwell's equations. Now

(38) HJ, 1 ) ( z(1P, );zrr

where I(Z ) is the current along *he cransmission line. From this it

follows that

(3(9)

The impedance of the TEM mode is jw/ . Hence,
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I

1(40) -P

if For the radial electric field, the solution is

1) - _---,, // , ._ . .Z)

The voltage drop across the waveguide is the line integral of the radial

electric field,

(4)V~z C- dI""

Insert (39) and (4Z) in (36) and (37) to yield

II(43) V

Th(se are the transmissio o n s and the series imped-

ance and shunt admittance per unit length of the line are given by

(45)(46) Y ( j 7rE

respectively.
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T

As previously indicated, the coa.-al testing device consiats of a

section of ccaxial transmission line containing a lamina of the material

under test. The larnia extends from the inner to the outer conductor and

is perpendicular to them. The extremely ehort piece of line containing the

lamina may be considered as a shoxt piece of coaxial transmission line

whose interior is filled with the metal ,inder test. For most metals we 44

w. Consequently, the line containing the metal can be considered as a

piece of transmission line Whose per unit-length impedance and admittance

are given by,

/
(47) 48

The coadal testing device can, therefore, be considered as a

section of air-filled transmission line in which is inserted a section of

transmission line whose length is equal to the thickness of the lamina and

whose impedance and admittance per unit length are given by (47) and (48).

The characteristic impedance of the air-filled line is denoted X and is

equal to 60 In b/a. Using this result, the impedance and admittance per

unit length of the metal filled line are given by:

(49) ,, L50) 4 0=O-"

The impedance and admittance of the barrier which is of thickness

d can thus be given as
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From a circait theory viewpoint, Z ran be considered to be due

-- an inductance L equal to and Y as due to a shunt resistance

given by RS equal to/F0" T * Since cr = I/p, vwbere F is the bu.k resistivity,

the shunt resistance can also be given by RS equal - The equivalent

i circuit for device is illustrated in Figure 19. /d0.r

3. Circuit-Theory Equivalent Circuit

At the lower frequencies, it is useful to consider the coaxial

testing device from a circuit theory viewpoint. The circuit equivalent is

H lgiven in Figure ZO. This circuit follows from transmission line theory

when R. is the characteristic impedance of the line. To develop the ideas

of reflection and attenuation loss for this circuit, the discussion will be

phrased in terms of "waves".

The circuit equations are

(53) =OC (RI ýR~S RS'AI -Il

(54) 0 = ~.h~ (Rj,~ + FsA~r

The voltage at the input terminals to the T-seztion, V1i is given

by

(55) VZ Vc,
and since from (53) and (54)
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LH

FIG. 19 -TRANSMISSION -LINE EQUIVALENT TO COAXIAL TESTING DEVICE
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INCIDENT WAVE

"TRANSMITTED WAVE

AEFLECTED WAVE

L L

ER

bg

Voc VI S2 R

ATTENUATION LOSS REFLECTION LOSS

•"FIRST ORDER APPROXIMATION AL{I)_ RS +o ---L -. R

El

SECOND ORDER APPROXIMATION AL(2)= RS + juL RL(Z)= R + "(RS + jwL)

AL~2 - R + cdL(2) R +Z(R + jwL)

FIG. 20 - CIRCUIT THEORY AND TRANSMISSION LINE EQUIVALENCE
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L I

(56) X, V .(R si

it follows that

(57) ,i V0.x

The voltage at V 1 can be considered as the sum of two voltage

waves,

(58) V = +- '

where Vriis the forward traveling or incident voltage wave andP/ is the

backward traveling or reflected voltage wave. The forward traveling

voltage wave ris evidently given by

(5 9) - 0 -

since it is that voltage which the generator would deliver to a matched load.

The generator here is considered to be a zero impedance source~having an

open circuit voltage V in series with an impedance R . Using equationsoc) g

(57), (58) and (59) it follows that the reflected voltage wave is
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3 It is useful, for simplicity, to establish two levels of approxima-

tion,

I First order - neglect (AJL and Ras compared to R

Second order - neglect OL and R . -.s compared to R .

The fiz'at and second order approximations for V , and
S~are thus,

lst order approximation

0(6 1) V, %

-.- -(62)V" Vo r
(63_ 7 - -

[12nd order approximation

0 (64) V(2)_

-(65)

_ . ,V, Vo R•"
H(66) syoi C~-

The sum \ ) +"'/V1) is not equal to V because of

11the approximations involved.
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IJ

"These equations describe that part of Aroc/Z which is lost be re-

-fection to a first and second order of approximation. The voltage V2

which appears across the output of the T-section can be considered to be

the transmitted wave and is given by I 2 Rg or since

(67) _1D

then

68j' 0 =- PK

The first and second order approximations for are

(69) - V ,

It is evident that from equatiuns (59), (62), (69) and (70) that

(71)- )

(72) V V,

Tne results can be interpreted as iollows. The generator de-

live;:& a forward traveling voltage wavc which travels to the T-section

A OQ'40U 0 Q& $SjARCw W LO A" C, m; COA ',,L% T 0C N 0 LOG T
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3 where a waveaV , is reflected back to the generator. The voltage V1

can be thought of as a wave which passes into the T-section, is attenuated,

Iand passes out of the T-section toward the load R . Since R 9 is a matcled

Iload, the wave out of the T-section is not reflected at R 9
The transmitted wave represented by can be given as the

5 product of the incident wave •and two factors.

(73) a M I - R= k ( 1j7, L)

or, since t' r

A ,.,= k-.a ( R;S + RS ')

The corresponding second order approximation is

(5) (R oZ2(iJC JU 7bJJ
C The reciprocal of the first term represents the reflection loss

RL, the reciprocal of the second term represents the attenuation loss,

(76) L ~ ~ (77) ALY= S+IJ

1 (78~~fi) f 2RL = ~ R +mt
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Theme equations indicate, as expected, that the reflection lose

decreases with L while the attenuation loss increases with L. If the re-

flection and attenuation loss are expressed in terms of db, then the total

losm is their sum.

Further insight into the equivalence of the circuit analog can be

obtained by recalling the values for L and 11

id) A. .?L (8 1) Rs

and letting R equal j . The formulas for the reflection and attenuationg

loss take the form,

6o7r 2

8 )R L ý .. (85) A.41

Since the total loss is the product ,.f reflection and attenuation

losse, it is evident that

#I - ld V

TV.us, the inser'tion 1oP, when. viewed frorm the wavegiide, transmission

'ine. or circuit theory viewpoint, indicates (as it necessariAy must) *hat

- 58 - .•d) Proi. E108
.. ki.•,f. Rot. No.3



3 the mearured insertion los1 if only a function of the constitittive para-

meters of the barrier and its thickness.

3 I 4. ExperimeuWal Evaluation

3 Experimental verification of the coaxial testing device has been

delayed for two reasons: (1) difficulty has been experienced in reducing

II the contact resistance between the coaxial structure and the sample

barrier, and (Z) the Rollins Signal Generator used as a source developed

two faults which required correction.

The mnethod of using the coaxial device is shown iu Figure 21.
The device is constructed of standard 1-5/8 inch coaxial cable having a

SO-oam characteristic impedance. Transitions are used to couple the

coaxial device to RG-8 cable. Since the measurements are most easilyLu interpreted when the device is fed by a 50-ohm source and terminated in a

50-ohi load, the device is isolated from the Rollins Signal Generator and

Field Intensity Meter by 50-ohm T-pads baving an insertion loss of about

15 db. The use of the pads reduces the overall sensitivity of the device

by 30 db. It inay be necessary to reduce the isolation of the T-pads in

order to achieVei-igher sensitivity at the expense of a slight reduction in

acruracy.

As previously indicated, one of the primary problems involved

in developing the coaxial test device has been that of reducing contact re-

cistance. From a circuit theory viewpoint the dcvice can be ,arded as

one for measuring very low impedarces (the resistance and inductance of

j• E the barrier). When such measurementM are made, either contact resis-

tance must be kept low compared to the impedance of the sample or it

i h must be located in the circuit in such a manner that it does not ir'fluence
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ROLLINS- - SIGNAL ' -T-PAD •
GENERATOR '

RG-8 TO

15 /81, COAXIAL -"-', [

,T-__AD_ IFIELD

INTENSITY
T-PAD METER

FIG. 21 - ARRANGEMENT FOR COAXIAL TESTING DEVICE
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3 the measurement. The latter approach is used, for exrmple, in the

Kelvin Bridge.

- The constraction of that part of the device whir.h holds the sample

3 is shown in Figure 22-. Originally, the outer threaded collars and inner

threaded collar and stud were made of brass. A circuit representation of

t� the device is as indicated in Figure Z3. Because the contact resistance

and sample rusistance are very small, the generator drives a current

through the sample which is determined altxost by the internal impedance

ifof the generator. Consequently, a voltage drop appears across the con-

tact resistances and sample which in turn causes a current to flow through

i the load. The mtagnitude of this current is determined almost entirely by

the load resistance. The voltage drop across the load is measured by the

[Ivoltmeter.
] Since the contact resistance may be large compared to the sam-

pie resistance, it represents a very serious source of -rror. Soldering

U the sample tc the tiaxial device casi heip to reduce contact resistance

but gives rise to practical problems in assembling the device.

It is believed that the problem cf cowItact resistance can be cir-

cumvented by constructing the threaded collarr and stud of insulating ma-

terial. The contact res;sthnce in tbe dlsured current paths (Figure 22)

will still be present however, the voltage drop across this resistance will

not appear across the volttreter and will not irLluence the measurement.

The use of an insulating stud and collar will remove the undesired current

paths so that n. ".roltga dro: will r-: sul' f on- such currents which pre-

viously passed through the contact resistance between the lamina and the

load side of the line. The device has been modifie(I so that the collar is
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(--UNDESIRED CURRENT PATHS

DESIRED CURRENT PATHS INNER THREADED
1 STUD AND COLLAR

4.50-Ohmor •""\ t•h n50okm

Source LOAD

L / ANDj"-V VOLTMETER

SCURCE SIDE OF LOAD SIDE OF
COAXIAL DEVICE COAXIAL DEVICE

--- OUTER THREADED COLLARS---

FIG. Z2 - CONSTRUCTION OF SAMPLE-RECEIV!NG PORTION OF COAXIAL DEVICE
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CONTACT RESISTANCE BETWEEN
/'SAMPLE AND OUTER CONDUCTOR

/•GENERATOR

IMPEDANCE

RESISTANCE LO

; • LOAD

BAMPLE
ZERO
/"IMPEDANCE

GENERATOR I CHIGH
IMPEDANCE

VOLTMETER

•- _CONTACT
RESISTANCE

S~BETWEEN SAMPLE

Sa. WITH BRASS COLLARS AND STUDAN NECNDTR

-"'CONTACT RESISTNCE BETWEENI SAMPLE AND OUTER CONDUCTOR

K
FGENERATOCRUT EQIAENSFR OXALDVC

5--OF 50

ZERO 
SAMPLE 

LOAD

IMPEDANCEK GENERATOR

SHIGH
CONTACT IMPEDANCE
RESISTANCE VOLTMETER

\BETWEEN SAMPLE

I b. WITH INSULATING COLLARS AND STUD AD'NE ODCO

FIG. 23 - CIRCUIT EQUIVALENTS FOR COAXiAL DEVICE
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I

made of linen impregnated plastic and the stud of nylon. The modifica-

tions were completed just prior to the writing of this report a?,d initial

tests indicate that the problem of contact resistance has been resolved.

F. Project Performance and Schedule Chart

The scheduling of the program of research ic shown in Figure 24.

The open areas represent planned effort while the shaded area represent

completed work. The financial statue af the project ia as follows:

For the period ending 28 February 1959

Original money allocated for research $37,672

Total expenditures 21, 426

Total commitments 462

Balance availabLe for research 15,784

Xt'is anticipated that the expenditures for March 1959 will be approximately

$3,400.

IV. CONCLUSIONS

1. The advantages of using a large loop to immerse the enclo-

sure in a low-impedance, low-frequency field are that a pick-up loop in

the center of the enciosure can then be used to provide an overall indication

of performance, and a small pick-up loop can be employed to explore for

local defects.

Cost sheets for March 1959 are not available until April 20, 1959.
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2. The inverse frequency formula for the reduction of

• coupling between two coaxial loops due to a coudacting sheet does not

appear to fit the experimental data. The data is fitted fairly well by a

formula, which gives the reduction as being proportional to an exponential

in which the exponent if (a) negative, (b) proportional to the thickness

of the material, and (c) proportional to the square root of the frequency.

3. Measurements of the resonant frequencies of an en-

closure indicate that they can be predicted with a high level of accuracy

by use of the formula for the resonant frequencies of a rectangular cavity,.

Q's of the order of 500 have been observed; however, these can be re-

duced significantly by placing absorbers within the enclosure.

4. The impedance of a dipole, when it in inside and out-

side of an enclosure, has been measured and it has been found tb.t the

difference in impedance is not significant if the dipole is electrically

short (about one-eight wavelength).

5. Initial tests indicate that it will be possible to mea-

sure the effectiveness of a double-wall screened enclosure in the neigh-

borhood of 10 kilomegacvcles using and AN/URM-17 as a detector, horns

as antennas, and a pulsed radar as a source. Preliminary results indi-

cate a penetration of about -80 db for this type enclosure. The penetra-

tion has been found to be dependent upon the spacing between the two

sheets of screen material, as predicted by theory.

6. The use of an insulating collar and stud in the coaxial

testing device causes it to function more nearly like a Kelvin Bridge aud

ia¶.I tests indicate that this modification will minimize the .effects of

contact resistance.
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V. PROGRAM FOR NEXT INTERVAL

During the next quarterly period, effort will be expended on, the

following aspects of the program.

1. Experimental investigation of the coaxial device for

evaluating shielding material will Le continued.

1 2. investigation of the nature of standing waves inside

g shielded enclosures at the resonant frequencies will be

continued.

0 3. Measuremunt of the shielding effectiveness of the

enclosure for plane waved in the, neighborhood of

various resonant frequenciear will be initiated.

4. Investigation of the possibilily of reducing the Q

of the shielding enclosure by appropriately lining

the enclosure interior with absorbing materials will

be s:onducted.

5. An attempt to develop practical formulas for perforated

and screening materials, to give the intrinsic im-

pedance and thickness of an equivalent solid metal

[ barrier that would provide the same shielding effective-

ness as the screening materials, will be made.

S6. Tentative Testing Standards for the measuremnt of

attenuation of shielded enclosures will be set up,

C and trial runs will be made to test the recommended

technique.

C
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VI. LOGBOOKS

Data obtained on this project are contained in Logbooks C 8375,

C 8724, aad C 8836.
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