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ABS™RACT

This report covers the investigations requested by
reference (1) of interference between VKF communication and IFF
identification equipments. Reference (2) is an interim report
on this problem, and covers the results of a study of antenna
relocation techniques for suprressing such interference.

The results of these investigations revealed that mutual
VHF-IFF interference was caused almost entirely by radiation and
pick-up b the antenna of the VHF-IFF equipments. Ressons for
such interference are:!

(a) Emission of spurious signals on freauencies
other than the fundamentel by the transmitting
sections of these equipments.

(b) 1Inadequate selectivity of the receiving sections
of these equipments resulting in reception of
ad jacent channel transmissione.

Special antenna networks developed by the NRL Airborne
Interference Group are described which successfully solve this
interference problem with a minimum effect on the operation of
either the communication or the IFF equipments. The networks
are compact, reouire no instasllation 2 djustments or maintenance,
and are installed ae a simple adaptor unit in the antenna trans-
mission lines of both equinments. Attention is directed to the
apolication of these networks, and other types of transmission-
line antenna networke more rec¢ently developed, to the interference
correction problem covering the Airborne Zarly Warning (AEW) pro-
gram.

Since reference (4) shows that most Navel electronic
equipments are subject to similar antenna path interference actlions,
application of such techniques and corrective dsvices, as describded
herein, is recommended for elimination of antenna path interferences
to other Navel electronic systems.

R ¥
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INTRODUC TION

1. Various fleet activities had reported serious mutnal inter-
ference between airborn VHF communicstion transceivers and airborne
IFF gets. This interference consisted of excessive noise in the VEF
receivers caused by the IFF transmitting sections, blocking of the

IFF display on a radar screen, and excessive triggering of the IFF
eqgiipments bv the VHF transmitter sections. Such mutual interferences
not onlv compromise the performance of both equipments, dbut in the case
of the I¥F, practically negated its tactical use.

8. The VEF commmic=tinn equipments inclnde AF/ARC-1, AV/ARC-4
and AN/ARC-5, while the IFF sets include AN/APX-1 and AV/APX-2. A
chart of the frequency range and power output of each set named above

is shown on Plate 1. It should be noted that, while the VEF sets are
rather conventional transmitter-receivers for voice ecommunicatinn pur-
poses, the AN/APX-1 is » special pulsed transmitter-receiver for identi-
fication purposes and the AN/APX-2 includes two tranemitter-receivers
for such purposes within one case.

3. An initial attempt to solve the interference problem by an-
tenns spacing methods is reported in reference (2), an interim report

on the subject problem. This reference concluded that ".... incressed
antenna gpacings ere ..... effective in partially reducing the inter-
ference effects .....", however, the results obtmined were limited in
applicetion, and in benefit. Reference (2) fully covers the entire antenna
relocation experiments and indicates that the efforte of the group might
be more fruitful if directed toward the development of antenna networks
to alleviate the in*erferences despite the discouraging reports on such
projects from other grups, wvhich are also quoted in reference (2).

The material reperted herein, therefore, covers further measurements
conducted on interference levels and frequency distridbutions of the
radiations from the VHP-IFF equipments, and describes the esuccessful
development of such sntenna networks for the VET-17F frequency range,
100 to 212 mc/s.

SCOPE OF PPOBLEM

4, The directive of reference (1) assigning Problem A7.087-C
requested YRL Mto investigete interference from AW/ARC-4, AN/ARC-1

and the VFF components of AN/ARC-5 to the AN/APX-2 ...... 2nd to de-
termine the most satisfactory method of eliminnrting this interference'.
The intent of the WRL investigations wes to provide = corrective for
this interference which would, as far as possible:

(a) Allow completely mormal operstion of the VFF-IFF
equipmente.
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(b) Suppress the mutual interference to an acceptable
level or lower.

(¢) Allow no restrictions as to the placement of the
antennas nf the equioprments on the plane.

(d) Be of the nature that would not require separate
operation or constant adjustment, i.e., & "pags~
ive" type of corrective that need merely be in-
gtrlled.

INTERFERENCE SURVEY

5. It wes ea2gy to prove that the major interference present
between the equivments wes radiated and picked up via the sntenna
paths by merely replacing each antenns with a shielded dummyv load.
Therefore, each equivment operated normallyv except that no radiations
could enter or leave the equivments via the antenna path. Under these
conditions, only a slight residusl level of interference was present,
caused bv power line noise and case radiatinns. As determined by the
survey methods outlined below, the ressons for such interference were!

(a) Emission of sourious signals on frequencies
other than the fundamental bv +the transmitting
s=¢tions of these sguipments.

(b) Inedequeste selectivity of the receiving sections
of these eguipments resulting in reception of
ad jacent channel transmissions.

6. In order to determine the nature and extent o the interfer-
ence between the VAF and IFF airborne equioments, surveys were conducted
using the equipments. The survey methods and test equipment used, =s
outlined below, have known limitations and inmccuracles, hut were

chosen for convenient comparative use and proved extremely valuable

for gathering and snalyzing the interference data. The success of the
corrective networks, which were subsequently developed from such data,
proved at least the limited validity of the survey techniques.

7. The VEF and IFF equipments were set up and operated on a

test bench with their respective antennas speced apnrnximately 15 feet
apart. Bach equipment wasg cerefully inspected t0 insure normal operat-
ing conditions. The test equioment consisted of & brosd bend quarter-
wave stub antenns nsed with an RDO superhetrodvne recelver as a

sesrch receiver, Two lumped constent tvpe wave traps (T™19/UPR) having
a renge of 80 to 3IN" mc/s, were operated in series with the receiving

DECLASSIFIED



antenns for identification of spurious signals from the particular trans-
mitter under investigation. If a strong fundamental signal (fo) blocked
the receiver, one of the traps would be tuned to the blocking signal,
while the second trap would be used for the identification of spurious
responses within range of the second trap. Tws transmission line traps
(F-20/UPR) having & range of 37" to 3000 mc/s were operated in series
with the receiving antenna and the lumped constsnt trape in the same
mamer as described above. This method of identifyving spurious sig-
nals, when used with careful discretion, dfered a very reliable means
of eliminating 21l "birdies" or false responses in the receiver caused
by IT image responses, overlosding of the input and mixer stages, etc.
Signal generators of both the pulse and cw tvpes were used during the
investizations for determining the relative magnitude of spurious em-
i1ssions from eauipments under investigation. This wes accomplished by
matching the spurious received signals on an oscilloscope, substituoting
an artificial signal from a gsignal generator and matching its amplitude
with that of the incoming interfering signal. The manner in which the
equipments were arrsnged for this survey is chown on Plates 2 and 3.

8. Similar survev methods were used in connection with the in-
terference work on the AEW svstem as reported in references (3) and (4).
In reference (4), a more complete analysis is made of the limitations
and usefulness of this methed of survey and measurement,

INTERFZRENCE RESULTS

9. The data obtained from the results of the interference sur-
veys has been plotted on Plates 5 to 11 inclusive. Plates 5, 9, 10
and 11 show the frequency spectrum of the antenna readistions from the
AN/APY-2 and AN/ARC-1 equivments, and the effect of ingerting filters
in the antenns transmission lines of the equipments. In each cesge,

it should be noted that interferences from the VHF or IFF equipments
whick occur in the IFF or VHF bands respectively, are completely elim-
inated with the insertion of the proper filter.

10. The type of interference experienced bv the AN/APX-1 or -2,
IFF equipment, is illustrated bv the photogrephs on Plate 4. These are
photographs of the display of an IFF emergency response (long pulse) on
an oscilloscope screen, with the IFF interrogator triggering a rearby
test transponder. TFigure 2 on Plate 4 shows the extreme blocking of
the IFF response on the screen of the indicator cemused by the presence
of interfering signals from an AN/ARC-1 equipment. In contrast to this,
Figure 1 on Plate 4, shows a picture of a "normel" display of the IFF
response. This "normal" display wes obteined merely by inserting a
pair of proper antenna networks in the VHF and I™ antenna lines in the
presence of the same interference which blocked the picture in Figure 2.
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Thig "normal" Aisnlay cennot he Aistinguiched from a nicture of inter-
ference-frec oneratinn of the ITF eguinment, i.e., with the AN/ARC-1
equinment off. Very much the same type of interference results rs
gshown on Plates 9, 10, 2nd 11, were found when using the AN/ARCS4 and
the AW/ARC-5 communicrtion transmitters.

VETWORK DESIGY

10s A theoreticrl snalveis of filter networks cen be found in manv
texts on communic-tinn circuits such ~s "Communicrtiom Engineering" by

W, L. Everitt nr "Communicatisn Wetworks" bv B.A. Guillemin. The acturl
equations ~re nnt derived here, but are summerized on the chart ineluded
as Plate 16. Tor e~ch low pess and high nrss network, the nrototyme
sectinn, the "m" derived sections, =nd the rearranged "m" derived sections
are drawn. Alsn, the corresponding formulas for imedsnce and attenu-
ation are listed for each network. It shnuld be nnticed that the intro-
duction of the "mM narsmeter does nnt affect the imped~nce characteristic
but dnes affect the nttenunrtinn very much. The exnression for attenu-
ation is given in terms nf a hyoerbnlic function. However, the attenu-
atinn fector, x, while expressed in neders, csn readily be cormuted from
trbles and crn be converted from neners to Aecibels by the factor, 8.686.
Therefore, the theoretical immefnnce and attemeticn characteristics of
these sectinns can be ¢nmputed and gravhed.

12, Plate 17 shows curves of equatinns (1) and (4) from Plate 16
with £/f, as the freguency =crle, where f, is the cut-off freouency, ~nd
2,/ /2L/C »s the nrdinate, where / 7L/€ is the zern-frequency chearacter-
jstic imedance nf the network. It can be seen that, nlotted in this
menner, equations (5) snd (8) are the recinrneals of equations (1) and
(4) resvectivelv, and tha* the freouency factors are also inverted,
Therefore, nne set of imnedange curves comtrins all the information for
all the imiedsnce eguntinns bv merely nsing the nromer immedsnce and
freonc-cy scrles. Tor the curves as nlotted in Plate 17, the immedsnce
values for "M gactinn networks are the recinrncels of the indiceted
scrlo values. In the case of high-nass networks derived from "I or
WP4N sectisn wrntntymes, the same curves are nsed, with (8) the recin-
rneal of the frequency scsle shnwy and (b) the nromer chnice of imped-
ance scrle Aemending on whether the section is a "TW or "P1 # progntyoe.
The attenuntinn curves are the same for "TM np WPiM gectinns, hut the
frequency scale is as ghown, r inverted, denending nn whether the
sectinn is 1w or hish nags respectively.

13. Aovendix § inclufes a development »f an actual network from
the equatinng smd Aesign factnrs of Plates 16 »nd 17. This Aprendix
alan Aescribes the methods »f obtaining clnse frequency tnlerance re-
sonant circuits from the comouted L and C values. Constructionsl de-
trile and eleetricnl snacificatinns nf both the high snd lrw nAass net-
works nre Adetailed in reference (7). It should be nointed nut, that
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an extension of the usual design procedures nsed in determining network con-
stants from the theoretical impedesnce curves enabled the “RL group to
obtain verv good impedsnce matching and very sharp filter cut-off char-
acteristics within restricted frequency limits. This exteneion was
developed bv the “RL group and is also described in Appendix I. Circuit
diasrams, attennatinn curves and photogranhs of the networks finally

used for correcting the VWT.IFTP interference are shown on Pletes 12 through
15, From the attenuation curves for the networks shown on Plate 13, it

can be geon that the insertion loss in the tranemission band of either
equipment ceused by introducing the networ'rs in the antenna lines is every-
where less then 2.5 dbsnd averages sporoximately 1.0 db. The attenuation
of signels in the suvpression band exceesds 50 db which is slmost o helf-
millio-n times reduction in power. The sctunl results in terms of inter-
ference reduction has been pointed out 2bove in Parsgrsph 9.

14. The networks Are fixed adsptor-tvpe units, which do not reaquire
any adjustment or alignment, And sre merely inserted into the antenns
transmission line »nv place between the eguipment and the antenna. The
F-32/ARC-1 low-pass network wes ing+slled in the sntemn» transmission line
of the AN/ARC-1, AN/ARC-4, or AV/ARC-5 communication sete and allowed free
transmission of power from 100 to 147 me/s while highly suporessing sny
radiation between 156 »nd 212 me/s. The fLHR/APX—lﬁ high-pras network
was installed in the antenna transmission line of the &N/APX—I, AN/APX—E,
or AN/APX-13 sets =nd sllowed free transmission of power from 186 to 212
mc/s while highly suppressing sny redistion between 100 and 146 mec/s.
Thus, with 2 10 mc/s "buffer bsnd" between the VPP and ITP bands, the

two rntennns of the two eguipments hove been completely icolated in fre-
quency response Aand thev may then be located =t precticelly any place on
ean airplsne with only one or two feet separsntion without experiencing mut-
ual interference.

SUMMARY O RPSTLTS

15. The antenna networks described herein, which were developed =g
correctives for VFF-IFF interference, have been shown to provide a highly
efficient mesns of reducing sntenns interactinns between VHW and IFF
equipments in the 100 to 212 mc/s band. Vo studv wrs made of the power
line »nd esrse redisted interference existing between these eanivments
because its megnitude wes so much smaller than the antenna interference,
its effect on mal-functiosning + the eqguipment wes much less disruptive,
and methods for reducing »nd eliminsting it were *nown. Bven without
attempting correctinne of the warinus nnn—-antenns interference paths,
the use of the antenna netwnelg in the VEW and I™ equiovments resulted
in a reduction nf the mutusl interference to such an extent that:

(a) The complete 1HE.212 mc/s operating band of the
ITE equinment wes nnt blacked, ferlsely interrogated,

or irnterrupied in mveration bv use nf any VHF com-
munizrtisn chennel from 100 %5 148 mc/s.
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(b) ™e entire 107-146 mec/s operating band wes made .
available for unrestricted VFF communication
use without interference from IWF equipmenfs.

(c) Normal operations were obtained irrespective of the
location of the antenna of either eouipment on
the plane.

(d) The sversge loss in sensitivity or power output over
the entire operating band of either egquipment caused
by inserting these networks in thelr respective
antenns transmigsion lines arounted to less than
1.0 db, The greatest loss sxpericnces (mear cut-off)
wes legs then 2.5 db.

16. These successful results were achieved, notwithstanding pub-
lished reports concluding that such operntion (of the VHF-IFF equip-
ments) would be impogsible without plecing a wide 'buffer' bond between
the VP and IFF bends »nd that it wrs "considered imprncticel to solve
this (interference) problem bv the use of filters ......". (References

5 and 6.) It ig important to note that continued research on antenna
networks by the same Interference Group,involving the use of transmission
line sections and distributed constrnts, hrs resulted in the development
of newer types of networks which heve even greater efficiency and util-
ization factors and are ceprble of withsgtsnding very much higher average
and peak power. Such new networks allow for an extension of the upver
limit of the VEF comminic~tions band from 146 to 150 mc/q, which extends
the ntilization of the mllocrted band %6 over 95%, ™ese results are re-
ported in reference (7).
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COMCLUSIONS

The following conclusinons are drawn from the results of the
investigation reported herein:

1. The mutusrl antenna interference between VFF communi-
cations and IFF ecuipments resulte in serinus cnm-
promise in the operationsl use of these equipments.

2. This mutusl sntenns interference is due to!

(a) Tmission nf sourinus siensls on frequencies
nther than the fundsmental bv the trans-
mitter sectinns nf these equioments.

(b) Inadequate selectivity nf the receiving
gectinng nf these egunivments resulting
in recention nf adjacent chsnnel trans-
migsion.,

3. The use nf the antenna networkes described herein per-
mits interference-free operatinn nf the IFF equip-
ments within the entire IF® frecuency band (156 -
212 mc/s) and interference-free nperstion nf the
VHF communicatinns equisments in the normal VHR
comminication bend (100 ~ 146 me/s). Without these
antenne networks, utilizatisn of lese than 50% of
either band wee obtainable.

4. The reguired sntenna networks are capable nf mass
production, and have the following suitable char-
acteristics:

(a) Fixed adsptor twoe units requiring no instal-
latinn adjustements and no maintenance.

(b) Pass band insertinn loss of 1.0 4% sverage
(2.5 db meximum at one end nf the band).

(c) Attenuation hand rejectinn between 50 »nd
60 b,

5. WYewer types of transmission line antenna networks,
Adevelooed by the WRL Airborne Interference Group for
correcting interferences to AEY eauinments, sllow for
gven higher utilizatinn »f the VHF enmmunicatinns
band (from 100 - 146 me/s tn 100 - 150 me/s) with
more efficient mechanic2l and electricel character-
isticsy, These new development tvpes are veported in
references (3) and (4).
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RECOMINDATIONS

It is recommended that!

1. The antenns networks developed for correcting VFF-IFF
interferences be incormnrsted as stAndard eguipment
nn a1l THT and IFF eguinments.

2. Investigetinns be made covering interference levels
nf nther Waval electronic equiovments and the feasi-
bility »f correcting such in*erfersnces with an-
tenna networks similar to those deecribed herein.

3+ TFurther research be ennducted nn antenna networks
and nther interference correction devices, with
the pogsibility of incorporsting such cenrrectives
ag integrsl parts of all Waval electronic equlpments.
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APPENDIX I
DESIGN CALCULATIONS WOR A LOW-PASS NETWORK

From the impedance and attenuation curves on Plate 17 and some
supplementary information, a given network may be explicitly designed.
Let us assume that a low-pass network is to be designed for the AN/ARC-1
equipment with the following characteristics:

(a) 50 ohm impedance
(b) Pass 100 to 146 mc/s.
(c) Attenuate 156 to 212 mc/s

This immediately sets the cut-off frequency (fb) at some point
between 146 and 156 mc/s. Let us take f, at 152 mc/s. Therefore, the
frequency retio limits of the pass band are 100/152 = 0,67, and 146/152 =
0.96. These limits are indicated on Plate 17. WNow we must select one
of the "m" curves which has the least impedance variation between the
limits, 0.67 and 0.96. The curve for "m" = 0.6 1s selected, and the
mean value of the Z,/ /ZL/U intercepts for this curve between the limits,
0.67 and 0,96, is 0.85, Fowever, Z,, the input impedance of the network
is specified above as 50 ohms. Therefore, \/2L/C = 50/0.85 = 59. Use
of a lower value of 'm" would sctually reslize & better impedsnce charac-
teristic' , however, this would result in too low » value of "L" for prac-
tica2l congiderrtion. From the expression for the cut-off frequency, f¢c =
1/ S B¢, we may obtain » value for /2LC and, thereby solve equations
for explicit values of "L" and "C", thus!

L =0,062u-R €. =12.4 uuf

We may now compute the values of 211 the components of an "m" =
0.6, "m" - derived low-pass Pi-section rearranged as » T-section. Accorde
ing to theory, we may snlit this T-section into helves, »nd insert between
the h~lves any numher of prototype low-pass snd "m"-derived low-pass
Pi-sections having the above prototvpe "L" and "C" values, These insgerted
sections will match perfectly in the pass-band for sny "m" velue, dut will
have verving =ttenu~tion characteristics with different values of "mf,
Thus, we heve the following configurstion, where each inserted section
has the form of circuit (4) of Plate 16:

: &
i ¥ : ]
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The remeining design problem is the selection of optimum values
of Um® for insert-sections A, 3, and C. Prom the curves and equations
we ean srbitrerily chooge "m'e" to provide fairly evenlyv spaced infinite
Attenurtion perks., Thus for A we chonse m = N.31; for B, m = 0.45; for
0, m = 0.690

Using these volues of L, C, sndvm we may then e=gily compute
the vealuecs of esch »rm of ench section. Combining the v=rious impedances
which sre in series or parallel, we srrive at the final network shown
on the upner pert of Plate 12,

The actual realizatinn of this networl depended upnn the a2bility
of obtaining Adesign values nf L and € indiceted on the eircuit disgram.
The ennstructinn of the network ig well illustrated in the photographs
on Plates 14 »nd 15. The resnnant circuits were nbtained as 2 unit, the
condenser being chnsen first and the c¢nil adjusted until the indicated
resonant freouencv was reached. TWor ex=rple, the first tank circuit
(upper pert of Plote 12) wes nbtrined by selecting an 1B.3 waf conden-
ser £ 2%, and then snldering a 2-turn coil across the ends of the con-
denser. This tenk eircuit wes then placed in the field of a coil nor-
mally cnnnected and excited by a Booninn, Tvpe 1AN-A, Q-meter. At 1ts
rxzct frequency, this tank circuit would'them act ss8 2n ~bsorp-
glon type wavemeter, with the Q-mrter. Q-disl scting =2s the resgonance
indicater. The P—turn tank e¢nil was =djuasted until a resonant frequency
of 190 mc/s weas obtained. The ssme prncedure was cprried out tn obtain
P11l nther tenk eircuits.

A gimilar procedure wrs dged for obtrining the resonsnt cir-
cuits for the high-pass network. The circuits were resonated =g para-
1lel tnnze »nd then conmcted into the circult in series.

The values of the c¢nndensers tn ground in the low-p2ss network
were nctnrlly selected at 1.5 uuf less than the design velues in order
tn comensate £ar that much cspacity tn ground which wes inherent in the
feed-through serls used in construction. Lead lengths were kept os
physically short =28 possible in order tn reduce t» & minimum any extran-
enus inductances and cepacities.

The »ctual rttenurtisn charscteristics nf the corpleted net-
works nver the pass and attenuatinn bands are shown greohically in Plate 13.
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INTERFERENCE ON APX~2 BY VHF EQUIPMENT
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INTERFERENGCE SURVEY OF AN/APX-2 | F.F. equlPMENT
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SCHEMATIC CIRCUIT DIAGRAMS
QE_ANTENNA NETWORKS

fir = 120 Mc/s fa = 16OMC/s fr=170 Mc/s fa =210 MC/S fr= I190MC/S
\ \ \ Lz \ Le \ ¥

I_

C Cz Cs Ca Cs

E P AN s o

LOW _PASS NETWORK
F-32/ARC-I

Kfa- 154 MC/S  —fre 135MC/s —fr=125 Mc/s. fr= 146 Mc/3

X 8 Taga uck > My ey

Ce Ca

P

ng: 146 MC/s

o

HIGH_PASS NETWORK

F-33/APX-13
DESIGN M_M
YALVE KOBAR SEALS
¢ =18.3 puf 18.3 puf Ly = ,038 uH
Cy= 246 4.6 - L = .080 *
Cy= 134 " 5.4 =~ Ly = .08 -
Ca = &7 . G bt Le = .088 »
Cy = 183 * 8.3 " Ly = .08 =
Ce= 15.7 * “.2 - Lg v+ .lG6 *
Cy = 13,1 L . = Ly = .in =
Cg = 19,6 8.1 - s = .064 -
Cqy= 22.2 20.7 * Ly = .084 "
Co® 238.] 25.1 - Lo * 6G "
C“' 20.3 20.3 o
s 46 " .. *
Cia= 1G.4 1.4 -
Ca= 13 " 79 *
Cgs® 11.O " 1.0 -
Ca=® 2.6 " £3¢ »
Cns= 326 " 32.6 "
Co= 7.9 » Ty~

¥ THESE VALUES ALLOW FOR L5 upuf
CAPACITY TO GROUND OF KOBAR
SEALS.

e e T T R-276 2 FLRETE L2
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NETWORK DESIGN EQUATIONS

B > ATTENUATION B4 NEPERS

CRCUIT DESCRIPTION EQUATIONS
T GENERAL T- SECTION BV Z¥ v2Z, 2z
; Bo » CHARACTERISTIC SECTION ez
32 X «ATTESATION o wePeERs | COSH R | 1T,
2
P 22, Z
z AANAMA GENERAL Pi- SECTION e
ot & 2, - CARMCTERISTIC SECTION BoeVzirez z,
32z, 27,3

COSH X = | lf—%‘-l
t

LOW PASS

PROTOTYPE LOW PASS
Pi- SECTION

QJ?/JWEF— (D)
feﬁ%’Jﬂ'T

-2 (—azl

2)

—

COSH X =

M-DERIVED LOW PASS
Pi- SECTION

©O4 m«< |.O

Zg » SAME AS (1)

M-DERIVED LOW- PA3S
Pi- SECTION REARRANGED

AS A T- SECTIONM

’ (ltn‘)ﬁ‘—)z-l )
ki (w2 61 ‘ %
(2L (1 @)

[I'(l'm‘ "]

COSH'X = SAME AS (3)

PROTOTYPE WGH PASS
T- SECTION

z.-J:%L__ J - (_’L)I (s)
fo« |/en Jatc

COSH X = |-a[—:l)z| ()
- e/m Zo= SAME AS (9)
N i M-DERIVED HIGH PASS
L. T- SECTION )z 9
s L/m 0<m< 1.0 COSH X %,'(""‘ (™
x (£9 - (1-m*)
cf" O poeriven wen pass | EE [ a-m)(#)] @
L T- SECTION REARRANGED
Pt ol
2um ; AS A Pi- SECTION
cosn’n= SamME AS (7)

R-2769
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