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Purpose 

I wish to see the re ~;' ,.l!ts of this i I1Vf~st i :v:r;:io n _. which was undertaken to evaluate an 
Idea that occurred to me when voltage samp:ing wa s~ fi rst discussed for monitoring AM DA 
parameters in the eariy 19908 - in the public domain to encourage manufacturers to 
explore the described con ,epts for the possi':le clevelopment of manufactured products. 

Why Volta9.e Sampliog1 

New FCC rules to allow DA proofing using intE,rnal array measurements and 
method of moments modEdin~1 to establish c p,~ rating parameters became effective today -
ushering in a new era of greatly reduced eng in(;~ering costs for AM stations that employ 
DAs. The new sE;,ction 73.-15'1 (c) allows voltapl2 samrling for antenna monitors when 
series-fed towers are over 105 degrees in eh:~c1:riGa l hll-1ight. No voltage sampling devices 
are presently on the market, however. 

Voltage sampling '.Ivill be necessary for stations !laving series-fed towers between 
120 and 190 deg re~1s in height that do not have identical cro:ss-sectional structures to avail 
themselves of the new rules, CiS they do not qUi?llify for either loop or base current 
sampling . It will also be an attractive option for all systems having series·-fed towers 
greater than 105 degrees in electrica l heigi'lt \/vith users who prefer sampling devices 
within ATU enclosures r3(her than tower-rnounh7.d sampling loops. Although not 
contemplated by the present rules, I believe that furtiler study may prove voltage sampling 
to be useful for monitoring ;:;;< irt-fed :31ka "folde< unip()II;:::" toweTs in DA systems. 

The fact that several volts must be de'll elopec! across the 50 ohm input of an 
antenna rnonitor limits H'IE! us~~ of a simp e VOl tdg8 dividl9r for monitoring tower base 
voltage to towers wi th very hi!~ h vo~tages if th fJ ioadin£1 effects of the impedance presented 
across the tower base by the sctrnpling devicE':' are to be minimized. 

A voitage transforn H~: r dual of the type of (;urTIi';:I'lt transformer that has been in 
common use for rnonitorino tower base CUiTent.::; 'for over 40 years - as manufactured by 
Bauer, Deltci Electronics, Cieleco and Phas8tek -- would be ideal, as a transformer steps 
impedance by the square of the vo l ta!~le tra nsformation ratio. A transformer to step a 
tower base voltage of 1,000 volts clown to '\ 0 vojts, for instance, would have an 
impedancE~ ratio of '1 00 X '1 00 :::: 10,000 and the impedance of it.s primary with its 
secondary loaded by the bO ohm antenna rnonil.or i l1~ I'J t would be an inconsequential 
500,000 ohms acrOS;;i the to\r\J ei" base [with Idea: tram:.fonner assumptions]. The tower 
base voltage would have to aopear acros~:; tbe "gap" of the multi,·turn ferrite toroid core's 
primary winding , thoLlqh, ill:;i.ead of thE. am ::rJna rnonitor level voltage that appears across 
the multi-turn secondary (If ~, '~urrent rans·i:orrr\ I: ~r . A'5 tower base voltages can be several 
thousand vol ts, this is not a practica l option 



The COnCf}pt that is l~xplored ht::;rein uses 21 transfonn(~r with a vo ltage ratio of 5: 1 
and an impedance ratio of 25: 1 to f:lstablish an intmm(:;diate point, located between a 
voltage divider consisting of two sE~ ries reacta nces elin 'j the transformer primary, where an 
RF voltage in the mnge of 10 to 100 volts would produce an antenna monitor input [50 
ohm] voltage of 2 to 20 volts.. it is bE}lieved that reactive components can be selected to 
provide an intermediate volti3.fJe with in th is rangr:3 without significant loading effects across 
the tower base, given the nominal 1250 ohm resistance presented by the transformer 
primary. 

The reactances can J: )I~: either inducIive or capacitive - or a combination of the two. 
The circuit that has been tested uses a capaciHve voltcige divider that would have the 
loading effect of a 12 pF capclcitor placed across a tower base. Tests show that it would 
provide an output vo ltage in .he range of L ·i:o 20 volts, into a 50 ohm load, for a tower 
base voltage in the approximGlte rang<> of 850 to 8, 500 voits throughout the AM band (with 
sufficient voltage rating fo r the '1 2 pF capacitor'\. 
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PROTOTYPE VOLTAGE SAMPLER SIN X-1 

The ferrite core has a primary winding with 25 turns of 16 gauge Formvar 
transformer wire. Three coats of Glyptal1201 Red Enamel were applied over the core 
and primary winding - and baked on. The secondary winding consists of 5 turns of 20 
gauge teflon insulated wire wound over a layer of glass cloth insulating tape, which 
surrounds a grounded shielding layer of copper foil. The shield has a gap along the 
outside of the toroid to avoid shorting the magnetic circuit and has a layer of glass cloth 
insulating tape underneath it. 

An autotransformer, with a tap five turns above the ground connection instead of a 
separate secondary winding, may be satisfactory and offer advantages from a 
manufacturing standpoint. Perhaps one should be tested. 

The transformer and silvered mica capacitors are inside a 3.6 X 4.6 X 1.3 inch cast 
aluminum box. The transformer is held in place with RTV 162 electrical grade silicone 
adhesive and insulating spacers. 
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WESTBERG ORCUT AtlAL, SI S PROGR!'1 

FILE NAME ~ vsx :" . c:i:c 

1 000 . COOO 0 
R 1 . 0000 
R 1. 0000 
C . 0 0 00 
C . 00)9 3 
R 960 . 0 000 3 
R 240 . 0 0 CO 4 
EX . 0 0 00 0 

FREQ ~ . 5 4 0 

NODE VOLT HAG 
1 99~1 . 9998 

2 999 . 999" 
3 13 . ,761 

2 . 6302 

R I - e . 000 
R 1- 2 1. 00 0 
C 2 - 3 . 000 
C 3 - 0 . 0 01 
R 3- 960 . 000 
R 4- 240. 00 0 

FREQ ~ 1. 000 

NODE VOLT t .... .AG 
1 S9:l . 9999 
2 999 . 9997 
3 13 . 5292 

2 . 7 0Se 

R 1 - 0 . 000 
R 1 - 2 . 00 0 
C 2 - 3 . 000 
C 3 - a . 00 1 
R 3- -1 960 . 000 
R 4- 0 24 0 . 0 00 

FREQ ~ 1 . 700 

NODE V(CT !1AG 
1 99:) . ~19 9 9 
2 999 . 9996 
3 13 . 6292 

2 . '1 258 

R 1- 0 1 .0 0 0 
R 1- 2 l. 000 
C 2- 3 . 000 
C 3- a . 001 
R 3 - ,I 96 0 . 000 
R 4- a 2 40 . 000 

."! 

0 

. O~(J( . ,jOO') 

. eeuc . 0000 

. C80 C . 0000 

.ooo e . 00 00 

. OC'O C .OOOJ 

.oooe .ooor; 

. O('O C . 0GQO 

. 0GOe . 000 0 

'/Ol l' := ."\~;r 

- . ( . . ~ .~ 
- O( ·1':; 

15 . 6 ~ )o 

15 . (.' 0 i 
B~J\NC VCL'lA('JE 

l'1.~G PHASE: 

lOOO . Oc - .0 02 
. 04 

98 7 . 32 
13 . 1 8 
1 0 . 54 

2 .64 

139 . 8.26 
- . 211 

.. 5 . 6'·1 
15 . .54 1 
15 . 64] 

";011' ,'. ,\ !'E" 
- . c~ n 
-. 1)1 I~.J 

8 . S ( L.~ 

. 5~1? 

BR.A~C' · \/CL TAGE 
HAG P'ii'.::E 

10 0 0 . 00 -.004 
. 07 99 .859 

98 6 . 62 
13 . 53 
1 0 . 82 

2 . 71 

- . 1 26 
8 . 1)91 
8 . .i91 
8.591 

VOL T [. ';:,,[ 
-. (~72 

- . 0-4:; 
5 . 0': 91 
5 . O . .11 

BRr.,~JCJ 

HAG 
1000 . 0~ 

. 13 
98 6 . 1 2 

1 3 . 63 
10 . 90 

2 . 73 

VOL'TAGS 
r]AS 1:~ 

-. 007 
fn . 889 

- , 085 
5 . IHi9 
5 . ,)6 9 
5 . 069 

. 0000 

. 0000 

. 000'-' 

.000l' 

.000 0 

.0 00 0 

. 0100 

.0-100 

BEANCE 
!.1r.G 

100 G. 00 
. 0·1 
_ 04 
. 04 
. (11 

. 01 

BR)'NCH 
t·Yl.G 

100 0 . 0 0 
, ()7 

. 07 

. 07 

. Il:. 

.01 

BFA"ICH 

~~'::.G 

100 0 .00 
. 13 
. 13 
. 13 
. 0:. 
. 01 

(0 .0000J.2 o r 12 p F) 
(0.000265 nr 865 pF) 

CURR'':N1 
PHASE 

- . 002 
B3 . 82 5 
H "/89 

105 . f;4 i 
15 . 641 
15 . 641 

CURR~NT 

F'-lASE 
-.004 

B9 . 85J 
l 9 .8 74 
9a . 5 9 J. 
a. 59'2. 
8 . 591 

CUSR:':NT 
PifA.SS 

-. 007 
83 . f~b ~ 
59 . ~ l l ~) 

95. 06<] 

. Of() 
5 . 069 

FROM NellE IHPEDANCE 
RESI.~TAlJCE REACTANCE 

l . Oil . 0 0 
74 . 54 - 248'16 . 3 6 
89 .5 3 -248 76. 2 6 

.00 -·3 40 . -'3 
12 0 0 . 00 . 00 

240 . CO . 00 

FRO~! tJOD~ It-1PEDANCE 

RE:; I STAHCE REACTANCE 
l. 00 . 00 

32.09 ·-134 42 . 67 
27 .5 6 -13442 . 68 

.00 -1 83 . 99 
U OO. 00 . 00 

24 0 . 00 . 00 

FROE NOD;;; HlPEDANCE 
RE:;I"TAHCE REACTIINCE 

l.00 . 00 
14 . 27 - 7909 . 06 
9.68 - 7 90 9 . 07 

.uo -·1 08. 23 
1200 . 00 . 00 

?4 0 .0<) . 00 

TO NODE IMPEDANC E 
RES ISTANCE !<El'.CTANCE 

. OC . 00 
73 . 5 4 - 2 4876.36 
89 . 53 -315 . 31 

. 00 .00 
2 40 . 0 0 . 00 

. 00 . 00 

TO NOJE IMPEDANCE 
RESI STANCE ?;;;ACTANCE 

. 00 .00 
31. 09 - 1 3 442. 67 
27 . 56 -1 79.77 

. 00 . 00 
240 . 00 . 00 

. 00 . 00 

TO N00E IMPEDANCE 
RES I STANCE REACTANCE 

. 00 .00 
13 . 2 7 - 7 909 . 06 

9 . 68 -107.36 
. 00 . 00 

24 0 . 00 . 00 
. 0 0 . 00 

(Uses resistivt:: voltage divider to simulate idi?;a l transformer response) 

VSWR 

VSWR 

VSWR 



: :1:: 1-11, :MI\IIH(I;RL;I ST..:.~: : .:..:...:.-.:~: : -.:...:..~: ::. ,~~..:.~: :~: ",:",:",:. ' . ....... ... : : : : : : 
... 1~' . . 548kHz . -52 ~ BC2 dB . . ...... . . . . . . . . . . . . ' . .. .... . . . 

: : 2:: : :: 1:. ~\ i'l~IMitz : : ~·52A~_::f ~I h : : ... . . . . . . . .. . . . . . ... ... .. . .. . 
: : 3::: : : : : L 1EBMIl z : ;"52. ::11)1: f.H~ : .. : : : : : : : : : . .. . . : : : : ..... . 

. :: 4::: · ····· ·::: : :: : : :: :: : :: . . ... : : : : : :: :: _. .... . . . . . ...... . 

. - . 5 ·: · . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . - . . . . .. . . . . .. . .. . 
: : : 6::: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : ... . . . .. . : : : : : : : : : .. . . . . 

: T::... . . . ... _. ..... . . . .. . . ' ::: :::: ::: :: : : :::: : :: ::. 
s·: · . : . . . . : : : : : . . . . . . . . . . . : : : : : : : : .... . . . . : : : : : : : : : : : : : : : : : 
g .: .. . . .. . ........ - . . . . . . . . . . . ...... . . .... . . .. . .. .. . 

: : iitf:: : . . . . : : : : : : . : : : : : : : : : .. . . . . .. : : : : : : : : . ..... . : : : : : : : : : : : 

Pf-ltOTOTYPE X··1 OUTPUTIINPUT RESPONSE 
MEASURED \t\!'lTH \fECl'OF~ NETWORK ANALYZER 

-- VVC~;i:F; CalCUlated:1 . 

F~~~C~ ~U~P~~ ~~;~I~~~P_~t~"t~~~~lPU t Measured Difference 

.- _ {dB) __ (dB) 

------- - -- -_. __ .. -------_._-------_._,----_. __ ._------- --
-52. 9 1.3 

-f--
__ 5jO _ _ ___ .. __ ._1::..64 ______ . __ 1 __ . _ _ -51 §_._ 

-- ._---
-52.4 1.1 

r----, ' ---_··- .. ·-·-·-- -:·-1-------·-- -- ·· 1- .. ----.. -----·-----
I 000 ?.7 . -51 _ 3 

-- ._ .. _--' .. 

- --
-52.4 1.1 

~~J2Q.- =--~~~;~]3 -~---- ---T=~~~~-5 1 .~~_~~ 

The noted djfference~; 8 n~ thout~ht to be princir ally du<~ to stray capacitance within 
the box . p., la gel' bo.~: mi.: ITt bl:, :jesirabl€! . 

It is expected that (lE:wi Ges can be built to have matched characteristics for single 
frequency use. 



2~09/82!85 Thr 13 :49:09 
~IIr:' AT~;·~·':·'~~·-~- ·~:'~i;~~J:S:E-':·m:~:',.':"~~: .: :"'":' W(~F:':r;:::-::::-: ~: : ':-:-: :54:~k:~z : 

" RIEIF , ,4IL 8B *18UI ,,5.,S6 ,de'll , " " " " , ,22 , 95 deg" 

·---.=[~=~::~=~r~:~=c~~"=r~=~r~~~~=.~.l- .. -·-----------"I~- -------.-----'-. , " , , " 

Sr/.I IO: 
C! ' 

. , ,T\~\,ttf: t;e 9k r:l ~;'- '-' -~"-'--' -,,,,-~"c~" T''i":-@~Bi;i1'-~-:-'-'--:-'---'-' -, -~ , STOP, 1. 9MHz : 
-~~~~.:;'~.~~lri~~~~_~~~.-~~W~~j~~:~~&1~~;~:; .• :-:~~~:-:;:;.:~._*+ .. '+t':"::{ .. ~*".~ .. &~~_~. ~~~~ 

I r' 'CH1 Mt,R I<E P. LI~~r~ ... -~~~_~~_ .. ~~~"~~_~_;..., .. ~~~ " 
1:' , 540k j:.l z 22. 9i~i dleC£i1 ' ' , , " , , , , , , 

, 2 : :, ~t:. (j1 ~~IM t(z . , : , ' S. : ~ :fl: , vle~1 , . " ': " : ,:, :. " " 
3 ,: ' 1 . :l'ElIJMii z : : : " ·,1. HI, rJeiJI ' ' .'" : : , : : ' , , . : : : : : : : 
4,: " , .. " , " .. , . . : " ".:: : : : " 
5 ,: , " ., .. " . . . '" . . ' .. ' " 

, , , 6;,:, , , , , , .. , , , , , , , . , , , , , , ' , , . .. ' , , .. . ... , ... . . . .. . ' 
• T:::::: : : : : ::::::: :: : : : ::: : : :: : :: ::: : :: : : : : : : : :: : : : :::: : ::: : : : :: : 

: : : ~ : : : .. : : : : : : : : : : : : : : : : : : : :: : : : : : : : : : : : : : : : : : : : : : : : : : : : : , , , : : : : : : : , 

9: ...... , ... .... . .. . .... . . . ... .... ..... .. .. .... . .. . ... .. .... .. . .. .. .. .. ... .. .. .. :::::: ::: :.. .. .. ..... 'j' 
l~' : . : '," . , . . ' . . . : . : . . . ' ' : : ' : , 

I .~ __ . ' '''~, .... ~ .~_~"_ .. .. , .. , __ .. _~"~~ ___ .. ~"_ .... .. _~ . " ' .. _'..: ___ ~.~ ___ .~" __ ~_~' '~' .:...' : ~ ~_~~~~ ...................... '-" .... ~-'-.~ • ......:.~_.~ ... ,..L..&....L • .;~ • • • • • •• •• •• ..: 

PF,:OTOTYPE X-1 OUTPUT/INPUT PHASE: 
MEASURED WITH VECTOF~ NETWORK ANALYZER 

--
Jred 
t Phase Difference 

~E)S ) _ 1 ____ ___ .1 Deg rees) 

- -- - ,----- , 

540 15, 6 23, 0 7.4 ----c-. 
,- ,_ .,,----

1000 0.8 --_._ -------

1 4.0 

The noted differenC:(7:~' ar0 thought to be princip,3,lIy due to leakage inductance 
within t .e tl'apsforrner. 

It is exp .cted that d~}vi ::es can be built to have matched characteristics for single 
frequency use. 



Several things hav;:: come to mind as needing further investigation before this 
design is considered ready for use in the field: 

1. The thermal stability, Wh ich involves both the respective temperature coefficients of 
the vacuum and rl1ica capacitors and the permeability-vs-temperature 
characteristics of the ferrite core. [Published ratings suggest both should be 
acceptable, but I'm no expert on ferrite materials .] Th is may be tested in a 
temperature contro!led chamber. 

2. The abiliiy of the toroi core to handle 'nux dens.ities over the design operating 
primary voltage ral~, f!e at AM band frequl3tlcies This may bE; tested by stepping up 
the output of a la t)oratory ampl ii'ier to 3 high impedance, connecting the sampler 
across thE} high imIJ8dance node, and measuring the response and phase at 
different voltage level:::, to eval uate linearity and phase stability . 

3. The potential for antenna monitor ds mal~e with lightning or static discharges that 
cause an internal vacuum capaci tor flashover. it is common to see such damage to 
toroid sampl ing devices but antenna monitor damage is relatively rare. 

4 . Wh~;ther eln inductor might be used instead of the vacuum capacitor without 
unpr,adictable perfcnnance due to stray couplil1~i to its windings. Perhaps a 
complete l , shielded i l)(~ L.:Jctor would be requimd. It is noted that an inductor may 
offer more irnmuI"ii1y to antenna mon itor ddma~~E! due to lightning or static 
discharges than a capacitor. 

5. Whether the performcmce w ill be adversely impacted by the range of load 
characteristics presented by normai variations in antenna monitor inputs and 
sarnplinfl lines, 

Conclusig!} 

If aclditknal s+'l.!dit:'~ '~;l'JW that H les i9n 810ng tile lines of thE) described concept can 
serve for vol'hIOE~ sampHI'lrJ iq the anLnl1 8 monitor sy~,terT1s of AM DA arraYl:i , as it appears 
from the design and test dah31 presented he'"ein that it can, ! would like to see it tried . The 
information contained Il{~ (:in may be used hy a:ny and all who desire to look into this 
concept further. ! have no commenjal intemst in it and I consider nothing presented 
herein propriE~tary. My intt:::rE1s': is in sE!eing that l'he best tedmoio(w possible is available 
for use by my clients. 


