
Keeping an Eye on Your Tower 
and RF System



A Quiet Lunch



Ever Have a Really Bad 
Day?

Think of These When You Do.



Having a Bad Day #3



Having a Bad Day #2



Having a Bad Day #1





Having A Bad Day
#1 Runner Up



Program Topics

 Routine and Emergency Site Visits.

 Monitoring Reflected Power.

 Repurposing Rigid Transmission Lines.

 Tower Codes and Regulations



Site Visits

Taj Mahal        or     Little House on the Prairie 

Stop       Look    &     Listen



What is Different?



After Dark



Now take a look up.



The Mowing Crew Blows It 



Lost Time Maker



A Live Mouser



The Tin Cat



Infrared Testing Instruments



Infrared Testing

Sp1:temp 354.3

FLIR Systems

Sp1:temp 103.1

FLIR Systems



RF Systems

&
Monitoring Reflected Power



Transmitter Resets

CH1 S11 SWR 50 m / REF 1  

          START-20 ns STOP 1.500 us

 

  

  

KTAB + KRBC

 
Cor  

 
 

 
 

 
 

 

 

MARKER 1
 977.57 ns

 293.07 m

 

15 May 2009  11:17:52

1

2

3

1 : 1 . 1051  977.57 ns

CH1 Markers

2 : 1 . 1581
291 . 89 ns

3 : 1 . 1981
197 . 76 ns

 

 

Two Transmitters with 3 Resets Each



VSWR = 1 + √ Ref / For
1- √ Ref/ For



Forward
Power

Reflected
Power

Percentage VSWR Return
Loss

1,000 w 30 w 3% 1.4:1 15.5 db

1,000 w 20 w 2% 1.32:1 17.4 db

1,000 w 10 w 1% 1.2:1 20.8 db

1,000 w 5 w 0.5% 1.15:1 23.1 db

1,000 w 2.5 w 0.25% 1.10:1 26.4 db

1,000 w 1.0 w 0.10% 1.06:1 30.71 db

1,000 w 0.7 w 0.07% 1.04:1 34.1 db



Single Amplifier



Dual Amplifier



Multiple Resets

CH1 S11 SWR 100 m / REF 1  

          START-20 ns STOP 4.457 us

 

  

  

KMEG  TV

 
Cor  

 
 

 
 

 
 

 

 

 

 

 7 May 2010  00:44:38 1

2

3

4

1 : 2 . 5171  4.375 us

CH1 Markers

2 : 1 . 2629
3 . 959 us

3 : 1 . 1026
3 . 172 us

4 : 1 . 0598
731 . 49 ns

 

 

#3         #2        #1



After A Burn Out
Bring in the Hi Pot



Antenna Plots

CH1 S11 LOG 5 dB/ REF 0 dB

          START 198 . 000 000 MHz STOP 204 . 000 000 MHz

 

  

  

KARE  MAIN

 
Cor  

 
 

 
 

 
 

 

 

MARKER 1
 198 MHz

 

22 Sep 2010  03:46:31

1

2

3

4

5

1 : -43 . 543 dB 198 . 000 000 MHz

CH1 Markers

2 : -29 . 879 dB
201 . 000 MHz

3 : -40 . 558 dB
204 . 000 MHz

4 : -27 . 891 dB
202 . 597 MHz

5 : -49 . 779 dB

198 . 281 MHz

 

 

Marker One = -43.5 db



Smith Plot
CH1 S11 100 mU FS

          START 198 . 000 000 MHz STOP 204 . 000 000 MHz

 

  

  

KARE  MAIN

 
Cor  

 
 

 
 

 
 

 

 

MARKER 1
 198.0012 MHz

COPY OUTPUT COMPLETED

22 Sep 2010  03:45:49

1
2

3

4

5

1 : 50 . 256 0 . 5918 475 . 69 pH 198 . 001 200 MHz

CH1 Markers

2 : 52 . 828
1 . 7129

201 . 000 MHz

3 : 49 . 098
-31 . 250 m

204 . 000 MHz

4 : 54 . 111
-1 . 2793

202 . 597 MHz

5 : 50 . 277
0 . 1621

198 . 281 MHz

 

 

Marker One =  50.2Ω +j0.59



Polar Plot
CH1 S11 100 mU FS

          START 198 . 000 000 MHz STOP 204 . 000 000 MHz

 

  

  

KARE  MAIN

 
Cor  

 
 

 
 

 
 

 

 

MARKER 1
 198.0012 MHz

 

22 Sep 2010  03:47:06

1
2

3

4

5

1 : -43 . 646 dB 67 . 916 198 . 001 200 MHz

CH1 Markers

2 : -29 . 891 dB
29 . 673

201 . 000 MHz

3 : -40 . 361 dB
-179 . 76

204 . 000 MHz

4 : -27 . 953 dB
-18 . 824

202 . 597 MHz

5 : -50 . 810 dB
27 . 011

198 . 281 MHz

 

 

Marker One = -43.6 db + 67º



Phase Data

CH1 S11 50 mU FS

          CENTER 201 . 000 000 MHz SPAN 6 . 000 000 MHz

 

  

  

KARE  NTSC

 
Cor  

Avg
16 

 
 

 
 

 

 

MARKER 1
 198 MHz

 

25 May 2008  12:58:34

1

2

3

4

5

1 : 51 . 398 2 . 3008 1 . 8494 nH 198 . 000 000 MHz

CH1 Markers

2 : 50 . 869
0 . 2324

199 . 240 MHz

3 : 53 . 119
3 . 5410

203 . 740 MHz

4 : 53 . 174
2 . 8691

202 . 820 MHz

5 : 52 . 203
2 . 2910

204 . 000 MHz

 

 
CH1 S11 1 U FS

          CENTER 623 . 000 000 MHz SPAN 6 . 000 000 MHz

 

  

  

KMEG  TV

 
Cor  

 
 

 
 

 
 

 

 

 

 

 7 May 2010  00:53:49

1

2

3

1 : 15 . 682 1 . 7954 460 . 88 pH 620 . 000 000 MHz

CH1 Markers

2 : 18 . 151
14 . 327

623 . 000 MHz

3 : 21 . 927
24 . 308

626 . 000 MHz

 

 

Near End Mismatch      Far End Mismatch



Typical FM Antenna
Fine Matcher Not Optimized

CH1 S11 LOG 10 dB/ REF 0 dB

          CENTER 88 . 900 000 MHz SPAN 2 . 000 000 MHz

 

  

  

WLSU  FM

 
Cor  

 
 

 
 

 
 

 

 

 

 

16 Mar 2010  14:30:19

1

2 3

1 : -11 . 217 dB 88 . 900 000 MHz

CH1 Markers

2 : -10 . 851 dB
88 . 7000 MHz

3 : -11 . 633 dB
89 . 1000 MHz

 

 

-10.8 db                     -11.2 db               -11.6 db



FM Antenna
Fine Matcher Optimized

CH1 S11 LOG 10 dB/ REF 0 dB

          CENTER 88 . 900 000 MHz SPAN 2 . 000 000 MHz

 

  

  

WLSU  FM

 
Cor  

 
 

 
 

 
 

 

 

 

 

16 Mar 2010  14:39:22

1

2 3

1 : -35 . 481 dB 88 . 900 000 MHz

CH1 Markers

2 : -33 . 486 dB
88 . 7000 MHz

3 : -32 . 967 dB
89 . 1000 MHz

 

 

-33.4 db                  -35.4 db              -32.9 db



Being Inventive



Repurposing
Rigid 

Transmission Line





10 MHz Span Time Domain

CH1 S11 SWR 50 m / REF 1  

          START-20 ns STOP 3 us

 

  

  

WIXX/WBAY LINE

 
Cor  

Avg
16 

Smo
 

 
 

 

 

MARKER 1
 2.412 us

 723.1 m

 

23 Apr 2010  10:57:47 1

23
4

5

1 : 1 . 5028  2.412 us

CH1 Markers

2 : 1 . 0099
2 . 185 us

3 : 1 . 0133
1 . 696 us

4 : 1 . 0249
216 . 47 ns

5 : 1 . 0639

0 s

 

 

1.02:1                       1.009:1



100Mhz Span/ Line Vertical Run

CH1 S11 SWR 100 m / REF 1  

          START 51 . 100 000 MHz STOP 151 . 100 000 MHz

*

  

  

WIXX/WBAY LINE

Gat
Cor  

Avg
0 

 
 

 
Hld

 

 

 

 

24 Apr 2010  14:26:47

1

2

3

4 5

1 : 1 . 1146 73 . 610 000 MHz

CH1 Markers

2 : 1 . 2258
98 . 0800 MHz

3 : 1 . 0250
101 . 100 MHz

4 : 1 . 1754
122 . 600 MHz

5 : 1 . 1774

147 . 120 MHz

 

 

98.08 MHz= 1.22:1                  101.1 MHz= 1.02:1



Tower Codes and Regulations



EIA TIA 222 G Tower Design

Enacted 1/1/2006
 Wind Load Calculations are according to 3 

second wind gust data by NOAH.
 Ice Loads escalate with overall height.
 Seismic loads are calculated by 

geographic location.
 All Three loading criterions will be 

determined by county location.



EIA TIA 222 G

Structure Categories
Category 1: Low hazard to human life and 

non critical services.
Category 2: Substantial hazard to human life 

and services can be accessed by alternate 
methods.

Category 3: Substantial hazard to human life 
and essential facilities.



EIA TIA 222 G

 Eliminates “Normal Soil”, plan on a 
geotechnical report for all foundation 
designs.
 All antenna side arms are recognized as 

an extension of the tower, and must be 
designed as such.
 All existing towers that are loaded beyond 

the original scope must meet 222 G.



Beyond Original Loading



EIA/TIA 222 G
Contractor Requirements

 Classifications of 
Climbers.

1. Competent (Skilled)
2. Basic Climber



EIA/TIA 222 G
Contractor Requirements

 Gin Pole and Erecting 
Standards

Each Pole should be 
certified and have a 
load chart on site.



OSHA and  the Tower Industry

September 10, 2010

The Chairman of the 
National Association of 

Tower Erectors 
announces that the 

partnership with OSHA 
is over after 15 years.



Free Climbing is Not OK



FAA Studies



53’ Drill Bit



Thank You Very Much

Richard Wood
Resonant Results, Ltd

Nationwide Service
24/7

From Build out
To Burn out
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