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SYSTEMS WITH RELIABILITY, INC,
Broadcast Antennas and Transmission Systams.

819 Industrial Park Road « PO Box 858 + Ebensburg, PA 15931-0856
Phone: (814} 472-5436
FAX: (B14) 472-5552

PATTERN CERTIFICATION ./

DIRECTIONAL FM ANTENNA
WODC-FM
06 May 1998

Station: WODC-FM
Location: Chesapeake, Virginia
Frequency: 88.5 MHz.

Channel: 203

Antenna Maodel: FMEC/6-DA

Maximum Antenna Gain: Horizontal: 6.3 /(8.3 dB}
Vertical: 6.8 /(8.3 dB)

ANTENNA DESCRIPTION

*

A custom designed FM antenna was used in conjunction with a 2% ” inch diameter mast, 1o
produce the required directional pattern.  The antenna is comprised of a six bay radiating
element mounted to the east side of the mast. All transmission lines and conduit relating to the
antenna were in place during testing in a scale model manner. The antenna is a circularly
polarized dipole radiating eiement with a horizontal and vertical parasitic director system.

DESCRIPTION OF TEST PROCEDURE

The test antenna consisted of a 173 scale dipole antenna and parasitic system. The antenna under
test was mounted directly to a 1/3 scale tower using brackets scaled to the equivalent that is
supplied with the finalized antenna. All feed cables were properly grounded during pattem
testing. Horizontal parasitic elements were used to obtain the directional pattern.



Test Results

Enclosed calculations verify that the RMS value of this antenna is 95% of the RMS of the
pattern authorized in the related construction permit (BLED-950512GP). The vertical
component RMS value is 0.74, the horizontal component RMS value is 0.61.

Azimuth and elevation plots and associated tabulations of this antenna are included with this
package.

Measured horizontal polarized directivity: . 2.66/425 dB ]
Measured venical polarized directivity: ' 1.83/263 dB
Measured composite azimuth pattern dll‘BCtl‘-’ll‘}.’ 1.62/2.09 dB

Gain in each polarization is calculate using the following relation: 4

(ain = Azimuth Dlrectw:ty x Elevation Directivity x Power Ratic B&twe Polarizations

Using this relationship aleng with ratio measured at our testing facilities:
H-Pol. Gain: (2.66)(6.6)(0.40)(0.95) = 6.8 (8.3 dB)
V.Pol. Gain: {1.83)(6.6)(0.50)(0.95) = 6.8 (8.3 dB)

INSTALLATION AND MOUNTING

The antenna is to be mounted in accordance with the supplied drawings. The antenna center of
radiation is to be 110 feet above ground level. The antenna aperture is 55,5 feet. No other
antennas are to be mounted within 10 feet of the antenna. No other obstructions other that those
specifiad by the original drawings supplied are to be mounted at the same level as the antenna.
The antenna is to be orientated 63 degrees true.

The parasitic system is custom designed to shape and direct the antenna pattern as required. The
sysiems orientation is as shown on the attached drawing. The mounting details are described in
the following drawings:

DRAWING DESCRIPTION
0979-A04 - Antenna Orientation
0980-C Elevation View

0979-C Typical Antenna Bay [Side View]




The scaled mast mounted vertically was elevated 20 feet on a platform. The source antenna, a
vertical/horizontal dipole Cavity Back resonator antenna configuration was mounted
approximately 100 feet from the test antenna. The sources height was adjusted (o provide a
uniform field at the test antenna location. The CBR antenna was operated in the transmit mode
at a frequency of 3x 88.5 = 265.5 MHz. The antenna under test was rotated in a clockwise
direction while the received signal was recorded on polar coordinate graph paper ina
counterclockwise direction. A gain reference was taken using a dipole tuned to 265.5 MHz. No
where does the received signal exceed a maximum to minimum of 15 dB.

DOCUMENT EXHIBITS

The following exhibits are included as part of this Certificate of Compliance: P
Exhibit | Measured Azimuth Pattern (Composite)
Exhibit 1-A Measured Field Strength Tabulations (Composite) 3
Exhibit 2 Herizontally Measured Polarized Azimuth Pattern .
Exhibit 2-A Measured Field Strength Tabulations (Horizontal) .
Exhibit 3 Vertically Measured Polarized Azimuth Pattern
Exhibit 3-A Measured Field Strength Tabulations (Vertical)
Exhibit 4 Elevation Pattern
Exhibit 4-A Elevation Pantern Tabulations

TEST EQUIPMENT

Netwark Analyzer:  Hewlett Packard Model #8751C
Serial Number: 08753-69118

Computer: White M'ountain 366 Computer
Plotter: Hewiett Packard HP 7350 A
Positioner: Orbit Positioner

Prepared by:

Rabert W. Edmiston Ji
Vice President of Praduction



Azimuth Pattern

Scale: Linear

Systems With Reiiability inc. Units: Absolute

Date 4!1 6/98

CLIENT: WODC-FM
ANTENNA TYPE: FMEC/5-DA
FREQUENCY: 885 MH:z
PATTERN POL.: Circufar ' CIRCULARITY{+/-dB):
AZ. DIRECTIMTY: 1.5:.'85#’2.99121:'5 PATTERN RMS:

B Software Design by.j Micro-Tek Eﬁg‘}rﬁe;};g_.
Exhibit 1




. Field Strength Tabulation

Azimuth Heading Field strength{dB) Azimuth Haading Field Strength{dB;}
0 82 (-71) 180 58 {-4.67)
5 B2 (-71) 185 B {527
10 B2 {-71) 180 B0 {593
15 - B3{-87) 195 A5 {559
24 9% (-.48) <00 45 (-6.99)
25 B85 (.42} 205 44 {-711)
ad 96 1-30) 210 A4 (-7 11
a5 98 {-.14) 215 A4 (-7 11
40 98 {-.15} _ v 220 A5 {5.92)
45 o 1.00{-01}) . 225 A5 (-6.92)
54 1.00 {- 03} 230 Ad {-T7.08)
55 1.00 (-..03) 235 AL (5.98)

. B0 1.00 (-.03} 240 3 Ad (-7 03
65 1.00 (-.03) 245 / A4 (-7 07}
70 T89(-10) 250 " 44 (-7 15
75 89 (-.1Q) 255 . A4 [T 13)
80 89 i{-0N 280 43 {-7.289)
as 98 i-10) 285 A2 (-7 43)
80 89 [-10) 270 A2 (=T 4T}
BE 88 -.07) 275 A2 (-7.54)
100 89 {-.08) 280 AZ (-7 49
105 88 [-.08) ' 285 42 [-7.51)
10 B8 {-1%) 2890 42 [-7.51)
115 Ba-20y . 295 A7 {-8.48)
120 B6 {-.32) 300 55(-528)
125 B4 (- 54} 305 HA{4.0%
130 B1 (-84} 310 F1{-3.00)
135 A8 -1.1%) 315 T8 (-2.373)
140 A5 (-1.41) 220 .84 (-1 .48)
145 A1 -1.81) 315 90 (-.82)
150 J7{-2.30) 330 B4 (.48
155 T3 (-2.72) 235 B8i-15)
180 « B9{-3.24) 40 89 (- .07}
185 56 {-3.60) 245 1.00 (.01}
170 B3 {-4.07 asn 88 (-.12}
175 51 {-4.34) a55 BB (-7}

Systems With Reliability Inc.

CLIENT: WODC-FM Date. 4/16/98
ANTENNA TYPE: FMEC/6-DA

FREQUENCY: 88.5 MHz.

PATTERN POL.: Circuler - CIRCULARITY(+/-dB):
AZ.DIRECTMITY:  1.6185/2.0912dB PATTERN RMS:

T T Software Designby:  Migro-Tek Engineering
Exhibit 1=




270

Azimuth Pattern

Scale: Lingar
Systems With Reliability Inc. Units: Absolute
CLIENT: WODC-FM Date: 4/16/98
ANTENNA TYPE: FMEC/-DA
FREQUENCY: 88.5 MHz.
PATTERN POL.: Horizontal - CIRCULARITY{+/-dB):

AZ DIRECTIVITY: 26633/ 4.2542dB PATTERN RMS:

Software Dﬁ_ﬂgnaj:!-ﬁcm- Tak E'ﬁ&f'n.aeﬁng

Exhibit 2



- Field Strength Tabulation

Azimuth Heading Figld slren-;thi.’dB} Azrimuth Heading Fislg Strength{dB}
0 B2-T1 180 S8 -4 8T
5 B2 {-T1) 185 54 -5.27)
10 B4 (-1.50) 180 50 {(-5.834
15 a2 145 AB («56.69)
20 B5(-3.17 200 AQ (-7 85
25 BT (-3.44) 205 .36 [-8.90
30 54 (-3.85) 210 3101003
a5 B3 {-4.0% 215 28 {-10.87)
40 B21-4.11 220 27 {-11.28}
45 G11-4.26) 23258 27 A1.21
50 B1 (-4.24) 230 .28 {-10.60)
55 59 (-4.50) 235 a2 (-9.82)
60 58 -4.50) 240 3 /.34 (-937)
B85 50 [-4.500 245 / A5(-9.12}
70 81 {-4.34) 250 ! a5 (-8.04)
Th 50 [-4 45) 285 S .34 (940
a0 58 {-4.50) 280 32 -987)
ES 58 {4.67) 285 30 {-10.299
=11 50 {473 270 30 {-10.52)
a5 58 {4.76) 275 30 (-10.43)
100 58 {(-5.02} 280 42 {-8.7%
105 86 (-5.01) ' 285 36 (-8.92)
110 55 {-5.24) 280 A1 (-7.79)
118 54 (-5.30 2095 A7 (-6 48)
120 55 (-5.22) 300 .55 (-5.26)
125 55 (-5.18) 305 B3 (1.03)
134 58 (4. 84) 310 1 -3.00)
135 57 {-4.50) a5 76 (-2.33)
144 58 {-4.55) 320 B4 (-1.48)
145 81 {-4.25) 325 80 {-82)
150 61 {-4.21} 330 84 f- 49}
155 B2 (-4.15) 335 .88 (-1
160 *83 (-3.99) 340 89 (- 07
165 63 (-1.98) 345 1.00 {01}
170 63 (-4.07) aso 88 {-12}
175 61 (-4.34) a55 88 {-17}

Systems With-Reliability Inc.

CLIENT; WODC-FM Data: 4116/0%
ANTENNA TYPE: FMEC/6-DA

FREQUENCY: 88.5 M#z.

PATTERN POL.. Horizontal ' CIRCULARITY(+/-dB}:
AZ DIRECTIVITY:  2.6633/4.2542d8 PATTERN RMS:

| Somvum Désfgn Ey.: n-'i'.‘cm-_'i':ak Eng;‘nean'ng
Exhibit 2-a




270 -
Azimuth Pattern
Scale:; Linear
Systems With Reliability Inc. Units: Absolute
CLIENT: WODC-FM Date: 4/16/08

ANTENNA TYPE: FMEC/S-DA

FREQUENCY: 885 MHz.

PATTERN POL.: Vertical ' CIRCULARITY (+/-dB):
AZ DIRECTIVITY:  1.8314/2.6279d8 PATTERN RMS:

Saf!;vam Des.l;m by: | M.icm»‘_."ak .'.;T_ngineeﬂng
Exhibit 3




Field Strength Tabulation

Azimuth Heading Field su-ehgm{ds} ' Azimuth Heading Fisld Strength{dB)

0 85 (-1.36) 180 83 (:5.53)
5 BB {-1.07) 485 49 (-6.16)
10 O e2LTH 180 47 (6.58)
15 83 {-67) 195 45 (6.96)
20 85 {-.46) 200 45 (-8.99)
25 95 {-.42) 205 44 {7 11)
30 6 {- 30 210 44 £.711)
as 98 {-. 14} 215 44 {-7.11)
40 98 {-.15} t 220 AS {-6.92)
45 . .1.00 {-.01) 225 A5 {5.92)
50 1.00 {-.03) 230 45 (-6.92)
55 1.00 {-.03) 235 A5 (-5 96}
84 1.00 {-.03) 240 3 s 44703
85 1.00{-.03) 245 A4 (.7.07)
70 99 (-.10) 250 A4 (-7.19)
75 99 {-.10) £55 44 (-7.13)
B0 99 {- 07) 260 43 (-7.29)
85 88 (-.10) 265 42 (-7.43)
80 99 {. 10} 270 42 (-7.47)
85 89 {- 07} 275 42 (-7.54)
100 99 (-.06) 280 42 {-7.49)
105 09 (-06) 1 285 42 {-7.51)
110 98 {-.15} 290 42 {-7 513
115 98 (-.20) 285 42 {-7 45)
120 96 (-.32) oo .43 {-7.35)
125 54 (.54) 305 45 (-7.61)
130 91 (.84) 310 46 (-8.74)
135 88 (-1.11) 315 50 {-5.971
140 85 (-1.41) 320 52 (-5.66)
145 81 (-1.81) 325 57 {-.82)
150 77 {-2.30) 330 59 (-4 58]
155 72{272) 335 - B5(-3.76)
160 . £9{-324) 340 67 (-3.44)
185 65 {-3.60) 345 71(-2.83)
170 80 {-4.39) 350 .75 (-2.53)
78 56 {-4.06} 385 80 (-1.98)

Systems With Reliability Inc.

CLIENT: WODC-FM Date: 4/16/98
ANTENNA TYPE: FMEC/6-DA

FREQUENCY: 88.5 MHz.

PATTERN POL.: Vertical ' CIRCULARITY{+/-dB):

AZ. DIRECTMITY: 13314;2 627508 PATTERN RMS:

Sﬂﬂwam Das.'gn by: Mcru-Tak Engmeenng
Exhibit 3-a




Relative Fiekd
90 0 01 02 03 04 D5 0B 07 (B 09 1
BO
7O
B0
50
40
an
20
140 -
0
Elevation ~10 3
Angle -20 * //f
- .
-4
5
R
-
B0
=90
Elevation Pattern
Scale: Linear
Systems With Reliability Inc. Units: Fleld, Relative
CLIENT: LARRY WILL Date: 2/22/2005
ANTENNA TYPE: FMEC2/88.5
FREQUENCY: 885
PATTERN POL.: Circular
DIRECTIVITY{Peak): 1.918/2.828 dBd Beam Tilt (Deg.) - 0
DIRECTIVITY(Horiz): 1.918/2.528 dBd Null Fils)(%) : 0,00

Micro-Tek Eng. wer. 2000

Figure 4




Relative Field Tabulation

Elav. Angle  Rel. Fid{dB} Elev. Angle Ral. Fid({dB} Elov. Angle  Rel. Fid{dH)
90.0 10 (-20) 52.0 514 (-6.775) 14.0 705 {-3.031 )
B30 A16 [-18.733 5114 51 (-5.855) 130 43 (-2.581
BA.D A3t {1762 50.0 S (-5.963) 12.0 Ji9{-Z174
87.0 147 (+16.648 49.0 A85 (6.1 11.40 A12 {-1.806
BG.D JEY (-15.768 48.0 488 (6. 10.0 843 (-1.482
8BGO AT8 1491 470 ATA (G479 9B A48 (-1.421)
B4D 84 [-14.2472) 450 461 (-8.724 a5 B55 (-1.361
8in .2%—13.5”} 45.0 A48 (-7.013 8.4 BT (-1.303
B2.0 2 -12.851 44.0 429 (-7.349 8.2 866 (-1.246
810 241 {-12.374 43.0 -5 I 8.0 Br-t1my
80.0 286 {-11.836 42.0 A9 (3189 BB BT (-1.137
9.0 271 11,332 41.0 . B9 8.8 JBR3 (-1.084
78.0 2865 {-10).85% 40.0 342 (9.31) 8.4 888 {-1.033
¥r.a 301 104158 39.0 316 (-19.008 a8z 883 :g
TEQ 316 {-9.9457) 380 2BA [-10.824 A.4) B934 [-D.
5.0 331 {-9.603 37.0 287 [-11.786 7.8 903
7440 k5 -9 231 360 225 {-12.93 7.8 008 {+£).841
7a4a .36 (-8.881) 350 182 {-14.243 T4 B2 ooy
2.0 .74 {-8.551) K" %) V1586 {-18.113 7.2 T 0753
T1.D 387 ﬂ.m 330 119 {18 454 7.0 421 {-D.711)
o0 A01 T 320 81 &-21.828 6.8 D26 {-0.67
&a.0 A3 (T EF KR 041 {27712 8.5 a3 (-0.691
88.0 A6 (-7.41 b T1 X 1) 00 (-50) 6.4 834 (4.
870 A28 (-7 178 28.0 042 (-27 469 8.2 938 (-0.556
86.0 A45 (-5.955) 28.0 088 (-21.343 6.0 A4 (D82
65.0 A8 (-8.791 27.0 A3 AT T2 58 8486 ().
64.0 AT [-8.563 2680 A75 {-15.145) 5.6 O45 (-0.452
83.0 473 (-6.392) 25.0 .22 (~13.135) 54 053 (.42
82.0 JBR [+6.235 24.0) 266 (-11.4491 5.4 858 (-0, |
6%.0 495 (-6.103 2.0 312 (-10.103 50 6% -0.08)
80.0 502 [-5.006 20 2355 (-8.906 4.8 983 (-0.331
50.0 A0 (+5.88 1.0 A0S |-7.858 4.6 986 {-0.304
£8.0 512 {-5.80 200 A5 {-5.929) 44 980 (-0.278
5T.0 S18 [-5.74 19.0 895 gﬁ.T 42 871 {-0.253
560 518 (-5.708 18.0 54 (-5, 40 074 [(-0.229
55.0 219 [-5.689) 17.0 583 {-4. a8 876 {-0.207
54.0 519 {-5.664 16.0 525 {-4.078 16 5749 {-0.186
530 BT {-5.T722 15.0 666 {-3.528 a4 et {0165

Systems With Reliability Inc. Page 1 of 3
CLIENT: LARRY WILL Date: 2/22/2005
ANTENNA TYPE: FMEC2/88.5
FREQUENCY: 885
PATTERN POL.; Circular
DIRECTIVITY(Psak): 1.818/2.828 d&d Beam Tilt (Deg.) : 0
DIRECTIVITY(Horiz): 1.918/2.828 dBd Null Fill(s)(%) - 0,00

AMicro-Tek Emng. ver. 2000

Takle 4




WOCDC-FM Antenna RMS Comparision

Proposed Antenna Designed Antenna
Azimuth Relative Azimuth Relative
Heading  Field : " Heading  Field

0} 1.00 0 0.92
5 1.00 5 0.92
10 1.00 10 0.92
15 1.00 15 093
20 1.00 20 0.95
25 1.00 25 + .95
30 1.00 L -30 0.96
35 1.00 35 .98
40 1.00 40 0.98
45 1.00 ' 45 1.00
50 1.00 50 1.00
35 1.00 55 1.00
60 1.00 60 1.00
63 1.00 65 1.00
70 1.00 ' 70 0.99
75 1.00 ) 75 Q.99
80 1.00 _ 80 0.99
85 i.00 85 G.99
90 1.00 90 0.9%
95 1.00 95 0.99
160 1.00 100 0.99
105 1.00 ' 105 0.99
110 1.00 110 0.98
115 1.00 115 0.98
120 1.00 120 0.96
125 1.00 125 0.94
130 1.00 130 0.91
135 0.98 . 135 0.88
140 0.95 140 0.85
145 0.91 145 0.81
150 0.89 150 Q.77
155 0.85 155 0.73
160 0.82 ' 160 0.69
165 0.78 - 165 0.66
170 .73 170 0.63

175 0.68 . 175 061



180G
185
190
195
200
205
210
215
220
225
230
235
240
245
250
255
260
265
270
273
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
353

Sum of Relative Fields Squared:
Sum Divided by 72 (Readings):

Square Root:

Percentage of Construction Permit Antenna Filled:

0.64
0.59
0.56
0.54
0.51
0.48
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.45
0.45
045
0.45
0.45
0.48
0.51
0.54
0.56
0.59
0.64
0.68
0.73
0.81
0.89
0.93
0.95
098
1.00
1.00
1.00
1.00

b

48.99
0.68
0.82

180 0.58
i85 0.54
196 0.50
195 046
200 0.45
" 205 0.44
210 0.44
215 0.44
220 0.45
225 0.45
230 0.44
235 0.45
240 - 044
1245 0.44
250 0.44
255 (.44 7
260 0.43 /
265 .42 g
270 0.42
275 0.42
280 0.42
285 0.42
290 0.42
295 0.47
300 0.55
305 0.63
310 |
k] .76
320 (.84
325 0.90
330 0.94
335 0.98
340 0.99
345 1.00
350 0.98
355 (.98
Sum of Relative Fields Squared:
Sum Divided by 72 (Readings):
Square Root:

44.36
0.62
0.78

95.16%
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