
The analytical study was performed to determine the 
tradeoffs effecting the selection of the optimum operating frequency 
for the lunar based Active Seismic Mortar Experiment. With constraints 
on the receiver sensitivity and receiving antenna and ~ransmitting 
antenna physical dimensions, an ope-rating frequency of 100 me is 
recommended on the basis of the best required transmitter power and 
impedance match combination. 



• 
Summary: 

To evaluate the parameters effecting the required transmitted 
power Pt for the grenade transmitter in the Active Seismic experiment, 
two antenna configurations were considered for a range of frequencies of 
1-100 me. The first antenna configurjl.tion considered a short dipole 
antenna for the grenade transmitter and a short vertical "Ahip antenna for 
the receiver. Curves were generated for this configuration for distances 
of 1/ Z km, 1 km and 1 1/Z km. The second antenna configuration consisted 
of a short dipole at the transmitter and a 1/4 wave-end fed vertical antenna 
at the receiver. For the latter case, curves were generated for a distance 
of 1 km only. See Figure 1 for the curves of the four cases described above. 

The second part of the study was to determine the input impedance 
of the receiving antenna. (Z). The assumption was made that the input impedance 
of a monopole of length h, mounted vertically over a perfectly conducting 
ground plate•, is one-half the input impedance of a dipole of length 1 : Zh 
in free space. Therefore. to analytically determine the input impedance of 
the monopole, the more readily obtainable quantity of the dipole impedance 
in free space can be used, see Figure 2. 

Table I summarizes the results for two frequencies, 30 Mhz and 
100 Mhz. The table shows that for a short dipole, 1 C:::< ~ (or 1max : Xfl 0), 
a transmitter power 18 db greater is required for an operating frequency of 
100 Mhz compared to the tranemitter power required at 30 Mhz. The 
antenna input impedance ia a function of the antenna dimensions and will be 
the same for any frequency if the antenna has the same length and radius 
measurements, relative to a wave length. 

• NOTE: To approximate a perfectly conducting ground plane for a phort 
antenna, a ground screen with dimensions Aft. can be '}Sed. 
For the 1/4 wave antenna, the ground screen dimensions should be A. 



To obtain eeismic data from a mortar la.unched grenade on the lunar 
e, it is nece&eary to perform a link analyeh to determine the required 

. mitter power and operating frequency with conatra.ints on the antenna 
and receiver lensitivity. The antenna physicallenJth& ~re,three feet 

· ~e receivina antenna and leu than 4 inches for the transmitting a,ntenna • 
. physicall'8n&ths of the antennas suggests a configuration consilting of 

elementary dipole (1' A /1 0) for the transmitting antenna and either a 
rt vertical whip antenna (>-/10 for £• 30 me) or a '.>./4 end-fed wave antenna 
rating at 100 me, for the x;eceiving antenna. 

A second consideration in determining the proper antenna configuration 
~s the antenna input impedance. For antenna dimensione, length and radius 
pf the element, that are comparable with respect to a wavelenath, the input 
,~mpedance of the antenna is the same regardless of the operating frequency. 
']for example, Table Ia shows that the 'input impedance for a short vertical 

'whip antenna is (4+ j 350) ohms for both 30 me and 100 me, whereas, Table lb 
indicates that for a quarter wave antenna, the input impeda.nce is 36. 5 ohms 
1or both frequencies. However, a '>-/4 antenna operating at 30 me is eiaht feet 

· compared to a 3 foot length for a quarterwave antenna operating at 100 me. 
e the physical length of the antenna is conetrained to 3 feet, a short whip 

.•a£'••gu£ •. .,. can be used for an operating frequency of 30 me or a >../4 monopole can 
used ope rating at a frequency of 1 00 me. 

As shown in Figure 1, the required transmitter power Pt decreases 
~s the operating frequency decrease•. However·, the optimum antenna 

:.len&th for proper impedance matching isA/4, which is prohibitive for low 
. frequencies e. g. less than 100 me. Therefore, the optimum link .configuration 
would be a A/4 wave monopole, mounted on a ground screen, with an operating 
frequency of 1 00 me. 

For determining the system losses for a lunar based point-to-point 
communications system, the following effects were considered, (1) ground 
wave attenuation due to a homogeneoua ground or a stratified ground, 
42) change in permittivity and conductivity, (3) antenna effects, (4) noise 
.effects and (5) distance. 

The temperature in each case is aaaumecl to be 288° K, which 
corresponds to 62. 5°F or a little below room temperature. The parameters 
that were used to determine the various system loeaes, see reference (1 ), 
are defined as follows: 

5 • 60AO'"' "Mhos/ m 

~ a wavelength 

cr • eurface c cnduC:ti.vity 



Recttlired transmitter powet ~t{d~w)as a •tu.nct1otr of 
frequency assumih:g hornog.eneou·s .ground, ve:rtical 
polarization, o- Ill 1 o'"'4, lr. ~ •. h • 'A /16 

.. 
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Legend: 
'&---~~se I: El•tn.~ntary dip,<;>le transm.i~g "','fell 

short.monopole receiVing afitemia. 
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Case ll: 

Case ill: 
Case Iv: 

do • lkm 
Elementary dipole transmittirig::ante~ 

/4 wave antenna. receiVi.ngantenh.~}' 
do•lkm 
Same as Case l except do • ll2. km 
Same as Case! except do • 1 l&:<kln 

50 60 



·:mo'n~bp•:>~e ov,.~ a ,,ped'e~Uy 
i~PlUlQ plane · 

: . . ... ·. .· . · .. ·.. . . . . . . . . ' ....... . 
~ (i~.om~t;r~ic Relation•h~p Betwe,en Dipole and l!fonop()le to 

Ptt-r;mine .¥onopole ~ut lm~4a.ace · 

In:put 
Frequency Jm' .... .;. • 

3.0 me . . 3~ •• >· 

100 me 36.~ o.U..• 
., 

Antenna{%) 
Length · 

8' 
l. 5' 

Required 
Trnas.mltter Pwr 

-3 .• 5 dbm 

.. 

Required 
TranamiUer Pwr Pt 

45 dbm 

-Zdbm 

1 5' 
5' 

Groun~£;!} Screen Gt 
30' 
1()' 

TaQle I .... Comparison of Two Receivina Antenna Confiauration 
for 30 ,Me ~net 100 ·Me ' 
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Tv 

bo 
v 

;g: ~oJkm) 
ot)oraU~g Jroquency in meaacycle • 

= · prOpi\s;~tion distance in ~Uomet4trs 

h • height of the receiving antenna above~· ground 

zm~ 
• A 

baeic relatione,hip to ~e solved is 

Pt • 32.45 + 20 log do ( km) +20 log imc~At -+-Lc + Lr -t-Lt -·(Gt +Gr) 

(1) 

At • Ground wave attenuation and assumes .that both antennas are 
approxhnately zero feet above the ground. 

Lc • Antenna circuit loss factor 

Lr • Ground proximity loss factor (receiving antenna} 

Lt • Ground proximity loss factor (transmitting antenna) 

R : Receiver S/N ratio 

F • Operating noise .factor (exterllal internal nohe) 

B • ReoiiveJ" noise bandwidth 
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l;~~·u~ 
Yts~ti~-.1 PolrA,riza.tion 
,ajclQ,;K~ (•o Cip) 

•• ''J\,l(f8b 
5. bt'= 1.'76 db for short 4~pole ant•~ 
6. Cit • ,:has 'Cip for ·~~u:tv~r#~al whip ,J.Jlttsn.na 
7. Or • dtst4Srminecl from t ll ior J\/4 wave antenna 

.•. eq,llati'o;n Jl) ~an. be written ae follows 

Pto.(Ri"B)• 3Z .• 45 +".ZO log fm~ +At -t-Lt -0.51 + F j0'204 

Pt•(R B) • •172.07+.20 log fmc -+At-+Lt+ F 
; . 

Za shows the variatj.on of syetem lossee as a function of frequency for 
rt diiJvl(• transmitting antenlla J.Jid a short monopole rect'iving antenna 

(Z) 

•Pi )./16 abpve the ground. separated by l k.Hometer. The conductivity 
• permittiVity~ z. 

Zb pQnsid~rs the same ccu.e fprir• 10·3,~: z. Tabl~ Zc considers the 
case fQr CJ"'• }o-4• Er• 1.1. Tab.le Zd isidentical to Table 2a with the 

c:ellltto·n .. ;that the antenna is a height h • ~•to) . 
ra,qges of pE;rmittivity and c<m<iuctivity were chosen baaed on the <lata· 

............... ~ fromt 1). lt can be seem from Tables Za, Zb and Zc that the system 
s d,o not vary appreciably with the variation in conductiVity and permittivity 

'a con~:~tant receiving a.ntenna height above ground of h~)t../ 16. This )leight 
~."..,..~ ... --. .,.iple for d,eterniinh~g At butis significant with respect to Lt· Comparison 

8 Z.a abd za shO'\JV!:ll a signific;mt difference ~n loss factors due to the 
r~,a$ing antenna height ab()ve gr()UJ1d. This.loss factor :is a measure of 
inc.,rea1ed losses due to the ground proximity factor Lt. in the absence of 

round screen. 

e 3a cmd 3b show the ac~l transmitter power required for the system 
show,n in T~blee Za and ~d. respectively. The results of Table 3a were 

1."-'-'"""'"' as Case 1 in Figure .1, , 

4a shows the val'i~tion of At 'With frequeQCy aa a functi'O». of a two layer 
·Wjtq Ute uppet layer O.i:ng one meter and 1000 meters. Table 4b 

the required tra,tl8mitter power for the stratified layerl given in 
:.Ld.l~.us 4ct,. Th,e .. table ebow• that an upper layer of 1000 m . requires Zlppl'UXJ. 

,,,,41·"~~·v the same transmitter power as a homoge:neoue ground. I£ the upper 
r depth is 011ly 011e meter the:re will be a eignificant dec rca;:;t :.·. required 

. ~:mitter power at the lower frequencies {::::; 10 me), with the improvement 
.1ishing .~s the freqttency iiKreases. 



diU:Iiu:wir•:t;Aii~'~~~riatt,~n. 'bf ~-q~lr.a; .. ·· . mi~e~ ... PJ:rwer \nth freq\l4tnc", 
T.b.~ .r••ttl.t• illd:icaleclln the Ta.ble are · 

~~: .. llfflJP.f«~iLtJ.J;f :j' ].).a.ed on ~}le tl,.e~reijcal i4il.a~on•~p b~twe~~ a ~ipole 
Jpjll~~§ ·~~l·-···1 ... · trlOil~()Po.l.~ mount,a. V!~~ca.py 9Y!r .a ~rfectly. ccmauciibJ 

......... ,. .....•...•. · ..... ·.. ~hip.iJ tlult .. ~·~. il\pu,im.R.a~c· 'of.·a monopc:>l~ ·of 
t•t¥. ..... , .• ,...,.,iill ven~c~llY oYfi'J' ~P!'rfecUy ·c;:onductillggroqn4 pl.':Il•• iJS 

iJ1pJ~,l.•impeda.nce:oJa dtpol~.of lell~Jth 2b in fr.•• epa.ce. 
~ ' '' "" . ·~' ,i. 

- - . . . 

{2) c:ontain• · curve• of illput impecl~c:e Jr.rt. a dipole of arbitr~ty 
<fite space. The parameter for. the curve i' 

/3oh ·• .21P h 
A 

,. 

dipole h • .. ·~ implhs• a tbort monopole oveJ' a perfectly 
.. - •:1 

5 
earth of. ~ • therefore . '1:0 

A. 
·~ 1500 

(fmc • .lO, h • 3':) 

n. • · 2ln T •lln Joo • z (5.7) • 11.4 
).. 

i50o 

!9ob • ~ A • 0.628 .A -ro-

Ro • 8 ohms 

f·~gu:re 30. 5b 11) 

Jx_.t • 



• ;.51 

Ro. = 13 ohms 

• 

(:au$~ <;>f the input impedance mismatch between the short monopole and .the 
~ive·ri the. best operating frequency is .lOO me, With this frequency, a 3 
·q}.latter wave anten,na can be built with a purely resistive input impedance 

·· 5 ohm.s. Selecting any other length antenna .(implying a different 
:1;)per.ating frequency) will result in an appreciable reactive part for the input 
impedance and consequently increa.se the system overall losses due to additi 
impedance match circuitry. 

Tor the c;,ue b£ the A/4 antenna, lese power il :required ·for ~ither 
~requen~;:y because of the increa~ed antenna gain. However, there i1 a 
tremendous hnprovement in the input impedance match. becau1e for a >./4 
it ia se~h that the input impedance for a X/4 monopole i8 36·. 5 ohm•. Again, 
with equivalent lensth and radius measurement• relati:!e to a wavelenath. 
the input impedance i$ the same for both frequeJ)ciee. 

~n tbi•. ca.te. l~ db more power· is needed for 100 me a• compared~ 
the power requirement f9r 30 me. 1-{oweve:r. the lenath of tJM~/4 &Dtenna ie 
8 1 fo.t a frequency of 30 ~c and 3' for a frequency .ot too me. · · 



~~~~"!J\~~ t>:."'··. 
el\IIJ;Ji,riW of ~~lZl .ell) . 

....... ......... #li)·~~-~ ....... ·•·-~~.· ,._.,t,ima 
· .. for ~' ~~p me: ~~r:~ whip antenna 
0 me: .,..,, ••ve iz:lt.,Ji.b.a,. 

:,\~'•h~'~'~-"'rb··,_ ··"' · •.·. 9~'the basis of required· traot~itter pow~J' and iriput 
,.,...., ........ .., . · ............. · ·:,a, \I~ .~f.\re ante~nna operatJJ1S at a f~equ~nc:y 9f 100 me 

•el.edhin for ·tbe Ac:tive Sehmjc E:q>etim•!lt.• 

NBS Monograph 85,. "A Study of Lunar Surface Radio Communications" 
14 September 1964, · 

King, RWP, "The Theory ot Linear Antennas pp 158, lS<l 
Priss, 1956 
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60 5 1. 03 
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100 3 4. 641 I ,018 l 4~;641 I o. s I . o13 

Table 2a: System losses for d 0 {Km): 1, <i= 10· 4, C.r: 2, de: 0. 7if6. h =A /16, 
vertical polarization and homogeneous gro'und 



Kv 

• 057 

• 0275 

b\l 
(d 

At 

10 

25 

• 06 J.0194i 90<> 38 
; I 

• o3 I· o1s41 9o0 48 
< i ! 

53 

7 29 

5 19 

4 13 

2 10 

Lr 

8.5 53 

3. 5 29 

2. 0 19 

1. 0 13 

.o18 ·.o13 I 9o0 so 1.0 ! 1o 
.. ~,.,.-., ... " l .. .....:c..··-----~-··--.;.. ____ -··- . .1..-.. ------!- . -

S j Kv i b~ J At- l Lr i F 
mhos/ m l j (deg) 1 (dbw) (dbw) ~ (dbw) 

-----·-- --~- -·--l·-·-t-----·-·t---·-,-·----·-- -----
1 1. 8 j, 057 I 80° I 10 !l. 59 67. 18 

I I . 
I 

10 .18 :.0275: 90° 25 ' 51 51 
; j 

30 .06 :.0194i. 90° 38 46 46 

l 

60 • 03 l. 0154 
l 

90° 48 43 43 

• 018 L o13 90° 50 41 41 
--·-- --·-oC-·'-.•·--------~------ •·· ·--~·- ... _ 

Tetble 2b: Sys 
fo.r homogeneoufi 
vertical polabza 
(): 10""3, er: 

do (km)• 1, o<. •. 
h= XI 16 

Table 2c: 
for homogeneous 
vertical pe>lariz 

(f'rt. 10- 4~ er= 1 . 
do(km)= 1, h =A 
~ 

Table 2d: Syste 
for homogeneous 
vertical polariza 

CT= Io-4, of.= 0. 01 
1, h • \f41f(10 

* £= fe ~ 4 lr - 1 and 
in capital letters. 

«1 
F :::: 10 log f, i.e. the loglO of each quantity is given 



- (R B) 

J3 

Pt 

-17,2. 07 •172.07 . ' 

20.0 29. 5_2 35.56 40.0 

10.0 25.0 38 •. 0 48.0 50.0 

7.0 3_. 0 2.0 2.0 2_. 0 

53.0 29.0 19.0 13. 0 10.0 --
-95.07 -83. 5·s -73.51 -70.07 

10 10 10 10 10 

40 40 " 40 40 40 -- ---
-52.07 dbw -45.07 dbw -33. 55 dbw -23. 51 dbw -20.07 dbw 

Required transmitter power !or the system losses indicated 
inTaple Za. 

-172.07 -172.07 -172.07 -172.07 -172.07 

o.o 20.0 29.52 35.56 40.0 

10~0 25.0 38.0 48.0 50.0 

59.0 51.0 46.0 43.0 41.0 

67.0 51.0 46.0 43.0 41.0 
.. 

-36. 07 -25.07 -13.55 -3. 51 -.07 

10.0 10 10 10 10 

40.0 40 40 40 40 -- --
13. 93 dbw 24. 93 dbw 36.45 dbw 47.49 dbw 49. 93 dbw 

Required transmitter power for the system losses indicated in 
Table 2d. 



30 

Q,·ozs~ Jo i' ·96° i ,o. oz : 38 
,_,c.; •• ,.~ .................. ~~.......;..----·- ····--:r:·__;_·-·'f··-'- . .............,.-·~···-'-··----·--··- .. -·---

<>.01 50 'i .90° l 0.015 50 l. . ' :...,.. .- ~ -·· ------1·~.~·.. ., i··~ .... -.... ,.,...--.,.r•·.,·--~ ~ --

;; 90° ! ! ~· __ .,._..:._:.::::.. .--.: _______ l.J_ 0 . .'014 ___ __g_ ___ ~ 

G:T9J.U:,.d wave ~ttenuation los.ses At, for a two ,layer stratification, 
wHh the upper having depths of lm and lOOOm e-nd, assuming a 

.. conductivity ofthe lower layer of JZ lll lo- 1 (poor conductivity) ~ -
and conductivity of the upper layer 'li = l o-4. 



.;;;.,..,...~~~...:.--+-~~~;-...,l-1?~.~~z •! ~l;£~il~ .. 
l 29. 52 I 35. 56. I 

i 
I 

·~ 

I 

0 

3 

29 

-120.07 

10 

40 

1 30 1 50 · 

I 
1_!1._ 13 

-91.55 l -71.51 

I :: 10 

40 

'j 

l . 
-70.07 dbw -41.55 dbw -21.51 dbw 

100 Mhz 

I 
l 

- t t --· ·-·- ····· -- -
Layer: 1000 tneters 

.:.172.07 -172.07 -1.72.07 -172.07 

20 29. 5.2 35.56 40 

10 30 38 50 52 

7 3 2 l 2 2 

53 29 19 13 10 --- --- ---
B)-1 02. 07 -90. 07 -84.07 -71.51 -68.07 

10 10 10 10 10 

40 40 40 40 40 ---
-52.07 -40.07 -.34. 07 -21.51 -18.07' 



-(R B) 

.:t,. 0.2 

7 

53 

40 

22 

3 

29 -
-98.07 

10 

40 

:30 

2 

19 

-91.55 

10 

40 

-172,07 

35. 56. 40 

40 4,3 

2 2 

13 10 -- -----
-81.51 -77.07 

10 10 

40 40 

.... 68, 09 dbw -48.07 dbw -41.55 dbw -37.51 dbw -27.07 dbw 

Rcq\.],ired tran,smitter power for system losses for do • 1 km, 
c-= l.o-4, tr = 2, d.= 0. 786, h • A/16, vertical polarization 
and homogeneous. ground. 

-172,07 -172.07 -172.07 -.}72.07 -172.07 .. 

()~() 20 29. 52 35.56 40 

11 30 40 50 51 

7 3 2 2 2 

53 29 19 13 10 

-101.07 ... 90.07 -81.55 -71. ~1 -69.07 

10 10 10 10 10 

~ 

4o 40 40 40 40 ......... _ 
-51.07 dbw .. 40, 07 dbw •3L 55 dbw -21.5 dbw -19,07 dbw 

Req~ired 'transmiHed pq)V~'r fo:t the same conditions as indicated 
in 'I'~ble Sa except thatCh> • ·cl.l/2·km. 

m~~~.P,Pia. ·99llfig'hration of a short dipole 
.· e receiving antenna. 



14•7{> 1.7 •. 78 

30 38 38 46 

7.5 7 7 7 

53 29 19 19 
~ 

........._ ___..,.. 
~:)c 

lp~.4s· 128.95 111. 21 .121.21 J. 16. 23 

-204 ·<204 ,.zo4 ~204 

-95.05 -92.89 -9~.79 .. 87.77 

,..}. 76 -1.76 "'1. 76 -1.76 

-100 •. ~1 -96,81 -94.65 -94.551 -89.53 

50 .. 50 50 50 50 -· -~. 

. .,.so. 3 dbw -46.81 dbw -44. 55 -44.55 -39.53 

i 

T:rapsrpitter powe:r requirements for a short dipole transmitting 
antenna, >.../4 wave antenna- end fed receiving antenna, vertical 
pQla'rization, homogeneous ground, a-= lo- 4, €,..= 2, h .. >..] 16, 
(io •• 1 km 

• 


