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1. In general, one of the outstanding differences between trans­
mitting antennas employed on Naval combatant vessels as compared with 
antennas erected on land, lies in the restricted dimensions of the 
Naval shipboard nntennas. This is po.rticularly t rue of antennas oper­
ating in the frequenc:r range below 600 kilocycles. Where:1s the land 
establishment is capable of proportioning the antenna to obtain, to a 
large extent, most of thG characteristics which make for efficiency, 
the Navnl shipboard antenna mu.st be subjugated to tho exigencies of 
military activities. Thus it will be found that instead of antennas 
which may approach a quarter wave, the service is forced to employ 
antennas which are only a very smnll fraction of a wave: l ength. For 
instance, an antenna 80 feet high is only 0.016 of a. wave length at 
200 kilocycl es. 

2 . In the following discussion two frequency ranges are consid­
ered, frequencies b0low 600 kilocycles and f requencies in the ra.nge 
of 2,000 to 20,000 kiloc-.rcles. 

RADIATION FROM AN ANTENNA AT FREQUENCIES BELOW 600 KILOCYCLES 

3. For frequencies below 600 kilocycl es, the problem of radi­
ating the power devGloped in the tank circuit of the power amplifier 
may be- divided into three parts; nrunely, 

(a) Transfer of the power from the power runplifior 
ta.nk circuit to the antenna or to the trans­
mission line. 

(b) Where the transmitter /3Jl.d the antenna are 
separated to a considerable extent, met.::.ns must 
be provided for trnnsferring tho power from the 
transmitter to t he Qnten.~a. 

(c) The actual .:mtenna or rudinting system. 

Transfer of power from the tank circuit to t he antenna or trD.nsmission 
line is accomplished through the medium of t he antenna coupling cir­
cuit and antenna loading induct or in the radio transmi t ter proper. 
Transfer of the power from the output terminal of the r aa.j_o trans­
mitter to the antenna is accomplished by means of the antenna lead-in 
or by means of a transmission line or trunk. Tho transmission line 
or trunk is used when the antenna itself is at a point distant from 
the transmitter, or when it is nccessa.r1 to pass through bulkheads , 
superstructures, or similar arons. The actual radiator is that part 
of the antenna syste:m which j_s e ssentially in the clear and consists 
of the vertical element which may or may not be provided with flat 
top loading. 

4. rlhile it is possible to thus divide the antenna s;7stem into 
the three parts mentioned above, it is difficult to discuss the ef­
ficiency of each discrete part separately due to the ree.ctions be­
tween the vn.rious parts. For example, as will be describcu in more 
det:iil later, the capacitance of the nntennu affects the losses in 
the loo.ding inductor; the capacitance of the trunk or transmission 
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line also affects the losses in the loading coil n.nd in turn the 
actucl resistance of the loading inductor affects the transf~r of 
power to the antenna. The efficiency of the entire mitenna system 
is equal to the product of the efficiency of the individual parts . 
For example, if the efficiency of the loading i.~ductor were 50%, the 
efficiency of the trnnsmission line 75%, .:md tho radiation efficiency 
of the antenn.a were 20%, the overall officiency of the system would 
be 50% x 75% x 20% = 7.5%. 

5. The radiation efficiency of the antenna, in per cent, may 
be eA1)ressed as follows: 

Radiation Efficiency 

where 

100 R r % 

~ is the rs.diation resista~ce of the antenna. 

R1 is the loss resistance of the ar1tenn:1. 

¾ = ~ + R1 is the total i:ntenna resistance. 

While it is possible to measure the total resistance of a.~ nntenna, 
such measurements do not different iate between the Radiation Resist­
ance (Rr) and the Loss Resistoncc (H1). I f the antenna is a.nap-

preciable fraction of a wavel0ngth, s~y a quarter wave, a measurement 
of the resistance would indic~te rather closely the value of rudia­
tion resistance since tho Radiation Resistance would constitute the 
major portion of the total resi stance. However, when de1:;.ling with 
short antennas, that is, antennas whi ch are essentially less than a 
quarter wave, the Radiation Resist ance would be only a small portion 
of the total measured resistance. Under these circumstances the 
actual radiation resistance can be determined only by a series of 
calculations. 

6 . The power radiated by the antenna is 

1.2 R 
r 

The power loss in the antenna is 

Therefore the total power in the a.ntenna is equal to the sum of the 
radiated power and the power loss, or 

where I is the r~dio f requency current ~t the effective base of the 
antenna. Attention is invited to the term 11effectivc base of the 
antenna. 11 This denotes t hat the currsnt under consideration is not 
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the current read on the antenna ammeter in the radio transrrdtter nor 
may it even be the current read at the output end of the trunk or 
transmission line. For example, if the antenna. lead emerging from 
the trunk or t!-ansmission line runs horizontally f or some distance 
and is secured to a grounded object by means of s tand-off insulators, 
care must be taken to see that the current measurement is made at the 
point where the antenna r ises verticclly and is Dssentially in tho 
clear. In determining the effective vertictl height of the antenna, 
measurements should be made from this sfillle point. Thus it will be 
seen that while the uppermost end of the anten..~a may be 90 feet above 
the deck, the useful vertical height may be only 80 feet sine~ the 
bottom ten feet of the antenna may be surroundod or close to metallic 
objects. 

7. The loss resistance of the antenna is due to the ground re­
sistance, the conductor resistance and the resistance due to bad di­
electric in the electric field of the ~ntenna. The effect of nearby/ 
bulkheads, masts, or other grounded ,notnllic objects is to partially 
shield the antenna.. In genoral, this shielding will act as a partial 
trunk or transmission line and ~~ll decrease the effective height and 
radiation resistance of the antenna. In the subsequent discussion, 
antennas for operation below 600 kilocycles are treated in two general 
classes. First, antennas which are <;ssentially in the elem-; i.e. 
antennas that are not seriously affected by the proximity of shield­
ing elements such t::.s stacks and superstructure. Second, antennas 
which are adjacent to screens or shields; i .e., antennas run close to 
bulkheads, stacks, etc. In the low frequency region below 600 kilo­
cycles, the most important part of the antenna is that portion which 
is effective in producing vertically polarized waves. Horizontally 
polarized waves suffer such high attenuation thct they ar0 essentially 
useless in the frequency ~ange under discussion. Because of the re­
strictions imposed upon shipboard ant ennas, particularly as to ,;erti­
cal height (and also as to hori zont~l length) and since a s time pro­
gressas the tendency on modern vessels is toward l.ower oasts, it 
becomes increasingly important to preserve and protect the vertical 
elements of the antennas age.inst further unnocessc1ry encroachuent. 
The careless designations applied to the vertical sections of radi­
ating systems, such as 11lead-ins11 and "down- leads, 11 probably hnve a 
tendency to obscurG the importc_nco of the vertical elements, since 
such terms tend to indicate that t he vertical members are merely 
connecti ons between the transmitt ing equipment and the upper or 
flat-top portions of the antenna. However, when the extr eme import­
ance of these vertical elem8nts is understood it is possible for t he 
personnel responsible to guard against harmful practices . The guy-
ing of vertical radiators close t o tho superstructure and buli"J1eo.ds, 
or partially or wholly surrotmding them with guards and s.hields, 
should be avoided wherever possible. 

8. For an antenna with a good ground and fairl y well in the 
clear and with very little bad dielectric in its field, the loss 
resistance would be about 2 ohms. This resistance will v c:.:r.y some­
what with frequenc-1. Thus for a 50% radiation efficiency, the 
radiation resistance of t he antenna must be 2 ohms. This will re­
quire a plain vertical antenna, without top loading, t o be 0.07 
wavGlength i.>1 height. At 200 kiloC'Jcles, 0,07 wavelength corresponds 
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to an antenna height of 350 feet. If the antenna had top loading 
in the form of a flat-top three times the vertical height, the 
antenna would have to be 200 feet high with a 600 foot fh.t-top in 
order to have & radi~tion resistancG of 2 ohms at 200 kilocycles. 
At 600 kilocycles an 80 foot vertical antenna with an 80 foot flat­
top will have a radiation resistanc8 of 2.2 ohms. At 200 kilocycles 
and 75 kilocycles such an 80 foot antenna Nill hnve a radiation ro­
sist1.1I1ce of 0.23 and 0.029 ohm respectively. The rad.iction efficiency 
of this antenna would be about 50% at 600 kilocycles, 10% at 200 kilo­
cycles and 1.5% at 75 kilocycles. Thus it will be seen that for a 
given antenna, the efficiency decre:.ises rapidly as the frequency is 
decreased. 

9. For frequencies below 600 kilocycles and for transmission 
l ines (trunks) not over 200 feet long, the transmission line will 
act as a capacitance. This is equivalent to saying that the length 
of t he transmission line is less than ">,./4. Under these conditions 
the transmission line may be treated 3.S a condenser. This condenser 
may be considered as connected betweon the antenna terminal of the 
t ransmitter and ground. The resistc:.nce of this condenser will be 
small compared to its capacity reactance. Below 600 kilocycles the 
antenna will also act as a large capacity reactance in series with 
the small antenna resistance. The cc.pacitance of a 50 foot trans­
mission line, where 1211 and l/2" are the diameters of the outer and 
inner conductors respectively, is about equal to the capacitance of 
nn 80 foot vertical antenna without top loading. Thus it can be 
readily seen that the transmission line capacitance may be many times 
t he antenna ccpacitance when long transmission lines are used. The 
capacitance of the transmission lino is in parallel with the capaci­
t ance of the antenna and the capacitance as measured at the 1::.ntonna 
t erminal of the transmitter is equal to the sum of these two. When 
a transmission line is used, it will require less antenna loading in­
ductance to resonate the antenna. Thus it might appeELr to be ad­
vantngeous to use a transmission limi. However, the resistance of 
the antenna loading inductor does not change greatly with tho amount 
of antenna loading inductance used because the unu3cd portion is 
a.lways short circuited and losses will still occur in this part. 
The transmission line shunts part of the r-f current at the antenna 
t erminal of the transmitter to ground so that the r-f current at the 
antenna end of the transmission line is always less than the r-f 
current at the antenna terminal of the transmitter. Let us consider 
a number of examples. 

(a) When the transmission line capacitance is 
equal to the antenna capacitance, the r-f 
current at the antenna end of the tram,­
mission line is one-half of the current at 
the transmitter end of the transmission line. 

(b) If the transmission line capacitance is one­
third of the antenna capacitance, then the r-f 
current at the antenna end of the tra..'lsmission 
line will be three- fourths of the r-f current 
o.t the transmitter end of' the transmission line. 
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(c) When the transmission line capacitance is 
three times the antenna capacitance, the r-f 
current at t he antenna ond of t he transmission 
line is only one- fourth of the r-f current at 
the transmitter end of the transmission l ine. 

An increase in the capacitance of the antenna decreases the per­
centage of the r - f current shunted to ground by the t r ansmission 
line. Therefore, if a f lat t op i s added t o t he verti cal portion 
of the antenna, it not only incr eases the radiation resistance of 
the vertical element but also increases the capacitance of the 
antenna. This results in decreasing the l oss in the ar1tanna loading 
inductor and in the transmission line thus increasi ng the po~er in 
the actual antenna. The current dist.ribut ion in the vertical portion 
becomes more uniform thus increasing the r adiation resistance of the 
antenna. Thus the power radiated from the antenna is i ncreased not 
only by reducing the losses in the antenna l oading coil and trans­
mission line, but by increasing the radiation efficiency of the 
antenna. 

10. The capacitance of the transmission line is proportion:tl 
to its length. Thus the longer the transmission l i ne t he greater 
the curr ent which will be shunted to ground. While the l osses in 
the transmissi on line itsel f may not be great , by shunt ing current 
to ground in the transmission line, the losses in t he antenna loading 
inductor ar e increased. The r-f power loss in the antenna loading 
inductor is proportional to the square of the current in the inductor. 
Thus the increase in current due to the transmission line may beef­
fecti ve in creating large losses. Conditions may arise where the 
l osses in the antenna loading inductor, part icularly a t the low fre­
quencies, may be as greet as 90% of the power output of the t r ans­
mitter. 

11. Occasions will arise where it will be of interest and 
practical value to calculate or determine t he capacitance of tra,~s­
mission lines and trunks, The curve in Plat e 11 gives the static 
capaci tance per foot of transmission line as a function of the r atio 
of the diameters of the outer and inner conductors. Knowing the 
ratio of the diameters of the out er md inner conductor s and the 
l ength of the t ransmission line, the stati c capacit ance can be readi­
l y calculated. When the length of the transmission line is a small 
f raction of a qucrter wavelength, the capacitance of t he transmission 
l ine is equal to the static capaciVJice; i . e ., the effect of the in­
ductance cc.n be neglected. The curve in Plate 11 is based on air 
dielectric and does not take into account t he added capacitance due 
to the insulQtors that are used t o support t he inner conductor . For 
l arge transmission lines (six inches or greater in diameter) this 
correction is negligible. In practical inst allations t he capacitunce 
to ground of the leads connecting to the inner conductor of the trans­
mission line (such as t he lead from the transmitter to the tre.nsmis­
sion line) wil l add to the actunl trru1smission l ine capacitance. Thus 
the actual transmission line capacitonce will be greQter than the ctl­
culated value. This error will not be l arge if the leads are rela­
t ively short. 
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12. The following example will illustrate the use of' the curve 
in Plate 11. 

Example: 

Length of transmission - 50 feet 
Inside diameter of outer conductor - 10 inches 
Outside diameter of inner conductor - 1/2 inch 
R'.:l.tio of outer and inner conductors - 10 divided by .5 = :20 

From Plate 11 for a ratio of 20, the cr,pacitunce per foot of trans­
mission line is 5.64 µµf. The capncitnnce of tho fifty foot trans­
mission line is 50 x 5.64 = 282 µµf. 

13. If the currents at both ends of the transmission line are 
known and the capacitance of the tre.nsmission line has been c11lcu­
lated or measured, then the o.ntenn.s. capacitruice can be calculated 
from the following formula: 

C Ia 

where 

ca is the capacito.nce of the antenna in µµf. 
C is the capaci t<.1.nce of the transmission line in µ~tf. 
I is the current nt the transmitt er end of the 

transmission line. 
Ia is the current at t he antenna end of thG t r ansmission 

line. 

This formula muy prove useful when more elaborate measuring equip­
ment is not available. 

Antennns i n tho Clear 

11,. Occasions frequently arise wh"rc it is desirc.ble to deter­
mine the radiation resistance of an l:r1t0nna of any given height, with 
or without top loading, and at any given frequency in t he desired 
range. Furthermore, since the horizontally polarized radiation is 
ineffective at low and low-intermediate frequencies, i t is desirable 
to evaluate the effective radiation resistance; that is, the vertical 
component. To further simplify such calculations and to permit more 
or less universal use, means should be provided for determining the 
wavelength of an antenna when the dime11sions are expressed in feet. 
Finally, it would b~ advantageous to provide some simple method of 
determining tho field strength developed at any given point by nny 
value of rc.diated PO\'-'er. The curves presented in Plc.tcs 1, 2, o.nd 
9 were dovcloped to accomplish the above purpose. 
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15. Plate 1, wherein five curves are presented, plots radia­
t i on resistance in ohms as a function of antenna height in wavelength. 
The radiation resistance under consideration is t ha t portion of t he 
total radiation resistance which is due to t he vertical portion of the 
antenna system, or that portion which produces vertically polarized 
waves. This is tho portion of the total radiation r esist ance which 
is useful . The five curves shown in Plate 1 are designat ed 11A11 to 
11En inclusive . Curve 11N' is calculated for a s imple vert ical antenna 
wi th no top loading; i.e., no f lat top port ion. Curve "B" covers the 
case where n flat top of half the length of t he vertical section has 
been added to the vertical radiator. Curves 11c11 , 11D", and "E" apply 
to syst ems wherein fl&t tops of lengths equal to,J times, and 7 times 
the l ength of the vertictl section, respect ively, have been added to 
the vertical element. The addition of the flat top secti ons has t he 
ef fect of increasing the effect ive height of the vertical section. 
However, the curves show that, ~s fetr as the vertical component of 
radiation resistance is concerned, the continued increase in the length 
of the flat top becomes increasingly less eff ective. Henc9, when the 
length of tho flat top is 7 or 8 times th.at of the vertical height , no 
essential gain in the vertical component of r adiation resistance would 
result. The curves in Plate 1 are so drawn t hat giv~.n t he height of 
the antenna in wavelength and t he length of the flat-top in wavelength, 
the vertical component of radiation resist.mce can be de termined 
directly. 

16. Plate 2 is n conversi on ch.'.lrt which provides a simple and 
rapid means for determining the wavelength (or fract ion thereof) of 
various heights of &~tennas ut any frequency. 

17. In Pla tc 9 the field strength of t he ground wave over sea 
water is plotted as a function of distance, in miles , f or a radiated 
power of one watt. The ground wave is here considered to be that 
portion of the wave received on tho earth' s surface which has not 
been propQg~ted by conducting portions of t he upper atmosphere . vfuen 
the ground wava reaches v~lues much loss thnn those predicted by the 
inverse clist2.11co law, the sky vmve may be eff ective in producing 
field str engths much greater than those indicated in t he attached 
curves, especially at night. The?e will be intervals of time when 
the values given in these curves 1ri.J.l represent the maximum f ield 
strength which will be observed. These conditions will generally 
exist during the daylight hours. In t he regi on of frequencies and 
distances herein discussed, t he contribution of energy of the sky 
wave during the daytime is considered negli gi ble in compe.rison to 
t he energy of the ground wave. It will be not ed t hat the field 
strength i s given in millivol ts per meter (mv/m) for dis tances up 
to 60 mil es. Beyond this distance field st rength is plotted in 
microvolts per meter (µv/m). The curves cover frequencies of 150, 
300, 550, and 1 ,000 kilocycles. Field strengths for other frequen­
cies nithin t his range may be obt ained by int orpolation. 

18. As stated above, t.he curves in Plat e 9 are based on a 
r adiated power of 1 watt. In order to appl y these curves to cases 
wherein t he r adiated power is of greater or smaller magnitude, it 
i s necessary to multiply the field strength as read on t he graph 
by t he square root of the radiated power (in watts) f or t he particu-
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lar case under consideration. To illustrate the application of 
these curves a few examples are given. 

Exanrple "A" 

when: 
To determine the field strength at 50 miles and at 300 miles, 

Antenna height - 80 feet vertical 
Length of flat top - 80 feet 
Frequency - 200 kilocycles 
Transmitter connected directly to base of antenna; 

no transmission line used. 
Current at base of antenna - 3.5 amperes 

From Plate 2 it is found that the wavelength of an 80 foot antenna 
at 200 kilocycles is 0.016. From Plate 1, Curve 11C11

, it is found 
that the vertical component of radiation resistance of a 0.016 wave 
length antenna with a flat top of equ:11. len§th is 0.22 ohm. Squaring 
the current at the base of the antenna (3 . 5~) gives 12.25, which mul­
tiplied by 0.22 gives the radiated power as 2.695 watts. Since the 
field strength is proportional to the squ~e root of the power, the 
field strength per watt must be multiplied by the square root of the 
power. The square root of 2.695 is l.64. From Plate 9 it is found 
that the field strength for l watt radiated power at 50 miles 
(at 200 kilocycles) is 0.12 mv/m. l.64 x 0 .12 = 0.196 mv/m, which 
is the field strength at 50 miles for a radiated power of 2.695 
watts. At 300 miles the field strength from Plate 9 is 12.5 µv/m. 
l.64 x 12.5 = 20.5 µv/m, which is tho field strength at JOO miles 
for a radiated power of 2.695 watts. 

Example "B" 

To determine the field strength at 50 miles and 300 miles. 
Same conditions as listed under Example "A", except antennn. is con­
nected to transmittor through transmission line of such constants 
as to reduce the cl.ll'rent at the base of the antenna to 2.5 amperes. 

From Plate 2 the wavelength of on 80 foot antenna is 0.016. From 
Curve 11 C11 of Plate 1, the vertical component of radiation resistance 
of a 0.016 wavelength antenna with n flat top equal in length to the 
vertical hei~ht is 0.22 ohm. Squaring the current at the base of 
antenna (2.5) gives 6.25, which multiplied by 0.22 equals 1.375 
watts. The square root of 1.375 is 1.17. From Plate 9 it is found 
that the field strength for 1 watt of radiated power a t 50 miles 
(at 200 kilocycles) is 0.12 mv/m. 1.17 x 0.12 = 0.14 mv/m, which 
is the field strength at 50 miles for a radiated power of 1.375 
watts. At 300 miles the field strength, from Plate 9, is 12.5 µv/m. 
1.17 x 12.5 equals 14.6 µv/m, which is the field strength at 300 
miles for a rQdiated power of 1.375 watt. 

Example 11c11 

To determine the field · strength at 500 miles when: 

Antenna height - 90 feet vertical 
Flat top - none 
Frequency - 500 kilocycles 
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Trunk - None 
Current at base of antenna - 3-5 amperes 

From Pl ate 2: wavelength of a 90 foot antenna is 0 .046 at 500 kilo­
cycles . From Curve 11A11 of Plate 1: vertical component of r adiation 
resistance due to vertical element of a 0.046 wavelengt h antenn~ is 
0 . 8 ohm. Squaring the current a t the ba se of the antenna (3 . 52) 
equals 12.25, which multiplied by 0.8 equals 9.8 watts. The square 
root of 9.8 is 3.12. From Plate 9 it i s f ound that the field 
strengt h for 1 watt r adiated power at -500 miles (at 500 kilocycles) 
is 2 µv/m. J .12 x 2 = 6.24 µv/m, which is the field s trength at 
500 mil es for a radiated power of 9.8 watts. 

19. It should be realized that the degree of accuracy which 
can be obtained through the use of these curves will no t be of an 
exact nature. The curves, to some extent, are based upon ideal con­
ditions which may not be completely fulf illed by a Naval shipbom-d 
install ation. However, the curves will serve the purpose of arriving 
at generally useful results in connection with the probl em of ship­
board antenna systems in t he frequency range below 600 kilocycles. 

Shielded Antennas 

20. As mentioned above, it has been realized tha t stacks, 
masts, and other gr ou.~ded superstructure on board ship have affected 
the radiation characteristics of antennas. In general , the effect 
of shields or screens near a vcrti~al radiator is to make the an­
tenna partially directive, to increase the antenna capacity and t o 
decr ease the r adiati on resistance of tho antenna. Directivity in 
vertical radiators i s a very undesirable characteristic, &specially 
if the ratio of the maximum field strength to the minimum field 
s trength is high. A decrease i n radiation resistance results in a 
decroase in the r adiated pow·er and a consequent decreuse in field 
strength at any given distance from the ruitenna. A nearby shield 
does not increase the field strength in one direct ion, but decreuses 
t he field strength in all directions. However, this decreasG is 
greater in some directions than in others. These facts hcve been 
pointed out in the past. The tendency toward shorter antennas and 
t he concentrati on of the antennas in smal l areas on board ship in 
t he vi cinity of grounded superstruct ure has increased the detrimental 
i nfl uence of such shields or screens upon t he radiation properties of 
antennas to such an extent that t he ~agnit ude of t hese effects should 
be known. 

21. The radiation chc.ractcr istics of an ant enna are aff&cted 
by the surrounding antennas as well a.s by t he superstructure . To 
attempt to take into account all of t hese i nfluences would result 
in extremely di fficult mathematical calculations which would not 
l end t hemselves to a practical solution. However, in t he cas0 under 
considaraticn; namely, at frequencies below 6oo kilocycles, all of 
the surr01mding antennas are only a small fraction of a wavelength 
in height and thus will not b0 r esonant. The effect of rmy shield 
will be proportional to the square of the distance between the shi eld 
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and antenna. In most cases one shield or screen will be predominant 
and the effect of all others may be neglected. Thus the problem will 
r educe in a majority of cases to the one antenna under consideration 
and a single shield or screen. 

22. The simplest case to treat mathematically is that of a 
grounded vertical radiator that is close to an infinite shield or 
screen. The screen may be consid~red infinite if the screen is con­
siderably higher than the antenna and the angle a is nearly 180°. 
(See Fig. 1) D must be only a small fraction of a wavelength. Then 
the effect of the infinite screen and the ground can be replaced by 
image currents as shown in Fig. 2. The infinite screen is the y z 
plane in Fig. 2. Thus the effect of the screen and ground are re­
placed by three image currents. This antenna can radiate only above 
the x y plane nnd to the left of the y z plane. If the screen 
were not infinite, but of height h and of width c and a•= a" 
(see Fig.3), then the image currents i~ a.-id i~' would not be 
equal in magnitude to the antenna current, but would be Ki z 
where i z is the current at u height z in the antenna and K ~ 1. 
K is a function of z, the height h and the width C of the 
screen and the distance the screen is from the antenna. In order 
t o simplify the calculations K is taken as independent of the height 
z and depends only upon the width of tho screen and the distance the 
antenna is from the screen. Thus for a pnrticular anfl.enna. and screen 
K is a definite constant. This simplification holds fcirly accurate­
ly if the screen is at least twice as high as it is wide. 

23. The following example w-111 illustrate the low efficiency 
when an antenna is near an infinite screen. This condition may be 
compared to the case where an antenna is only a short distance from 
a stack, say, secured to the stack by means of stand-off insulators, 
and no part of the antenna is in the clear. Such an antenna may be 
likened to a 50 foot vertice..l antenna 30 feet distant from an in­
finite verticc:;.l screen. The radiation rcsista.,ce of this antenna at 
600 kilocycles is less than 0.0001 ohm. Thus for a current of 10 
amperes at the base of the antenna, less than 0.01 watt of power- v,ill 
be radiated. The antenna cannot radiate through the screen so the 
antenna will be directional. If the above antenna were in the clear 
it would have a radiation resistance of 0.34 ohm and for~ current 
of 10 amperes at the base of the antenna, 34 watts of r - f power 
would be radiated. This example illustrc..tes the great loss in r adi­
ated power due to a screen or shield. 

24. The shields or sere-ens on boo.rd ship are not large enough 
to be considered infinite except when the antenna is only a few inches 
distant from the scr een or when the angle a is nearly 180°. -
(See Fig.3) Thus the more complex problem of a finite shield next 
to the a.-itenna must bo considered. The diagram in Fig. 3 illustrates 
the problem. The r.ntenna is of a height hi &nd has top loading h3 • 

The length of the antenna ;; is equal to h1 + h3 • This antenna 

is at a distance D from ~- shield or screen of height h nnd width 
C. The antenna is assumed to be symmetrical with respect t o the 
shield; that is, the angles a• and a" are equal in Fig. 3. This 

-10-



case is sufficiently general to be applied to a large number of ship­
board antennas for frequencies bel ow 600 kilocycles. 

25. The assumptions made for this problem are tabulated below: 

(a) The heights h1 and h are assumed to be 
small compared to A. 

(b) The distance D is less than h and is 
also small compared to A • 

(c) The height of t he screen h i s at lea s t 
twice the width C. This rest riction is 
necessar-J in order to neglect the end ef­
fect at the top of the screen, or to assume 
that K is independent of z. 

(d) Tho current distribution in the antenna is 
assumed to be sinusoidal end to be given by: 

. ::: 1 1 SUl. ~ iz A 

where 

sin t,J ( t - f. ) 
C 

I' is the currant at the current loop 
t is the length of the antenna 
z is the height above the ground at 

which the current i s iz• 

(e) The radiation from the horizontal section 
or fla t top of the antenna is neglected . 

(f) The ground or counterpoise is assumed to 
act a s a perfect conductor. 

(g) The effect of the e.:2rth may be replaced by 
an image antenna with a current distribution 
given by 

·,=-I' sin 2-tL (£+ z) :,in w (t - f.) 1
z A c 

T'ne effect of the screen may be repla ced by 
the image ant enncs ( see Fig.4) with current 
distributions 

i~ = -K I I sin f ( t- z) sin w ( t - ~ ) 

i 111 = K I 1 "'in 2n { {, + z) sin w ( t - f. ) z C) T C 

These image antennas are at r~ distance 2D 
from the actual ant enna. 

(1) 

(2) 

(3) 
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(i) 

(j) 

K is equal to the magnitude of the ratio 
i; / iz. This ratio for a finite screen 

will vary with z. However, if the screen 
is at least twice as high as it i s wide K 
will be approximately constant, except near 
the very top of the screen. This end effect 
will be small for high narrow screens and is 
neglected. Then K depends only upon the 
width of the screen and the distance the 
screen is away from the antenna. 

The angles a' and a11 in Fig.3 are assumed 
to be equal. It can be shown that if tho 
angles a• and a 11 are both positive, the 
radiation resistance given by I½_+ R2 + R3 
(as defined in paragraph 26 below) can still 
be used with a negligible error. 

26 . The equivalent antenna of Fig.J i s given in Fig. 4. The 
antenna system in Fig. 3 or the equivalent antenna syst em in Fig.4 
can not radiate in all space. The top section h2 of the antenna 
can radiate in all space above the surface of the earth or above tho 
xy plane. The h section of the antenna of Fig. 3, or the equiva­
lent h section of Fig, 4, can radiate in the space above the surface 
of the earth that is not in the angle a. Let E2 be the field at 

the point P in space produced by the h2 section of the antennc. 

Let E1 be the field at the point P in space produced by the cur­
rent distributions iz and i~ in the h section of t he antenna. 
Let -Ei be the field produced at the point P i n space by the cu~­

rent distributions ig and i~' • Then the electric f ield E at 
the point P is 

The total energy S in ergs per second that is radiated by the 
antenna is 

S = ~ // E
2
r 2 sin e d0 d ¢ ( 5) 

= ~ ff [<Ei - Ej_) + E2J 2 
r

2 
sin e d6 d ¢ (6) 
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(7) 

2 E2 r sin 0 d0 d ¢ 

Let 
(8) 

Then one obtains 

(9) 

s2 =-c- If 2 2 
sin 0 d0 d <b E2 r 

/4Jt ' 
(10) 

::: _£__ ~If 2 E2(Ei - E1 ) 
2 

sin0 d0 d¢ S.3 r 
/4Jt 1 

(11) 

This is equivalent to saying that the total energy radiated per second 
by the antenna is equal to the energy that flows outward per second 
through a sphere surrounding the antenna. The energy t hat flows through 
every unit area of this sphere is equal to 

and the total energy that flows outward through this sphere per second 
is equal to the sum of the energies that flow through each unit area 
of the sphere per second. 

27. If one knows the energy S radiated per second and the cur­
rent at the base of the antenna, then 

or 

R = _S_ 
12 

where R is the radiation resistance of the antenna. 

Since 
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and letting R = Ri + R2 + RJ (14) 

then S = 3l + S2 + s3 = I 2R = I 2R1 + I 2R2 + I 2R3 (15) 

and 

R = 3 

It can be shoV!n that 

R _ G(l-K}2 
l - 2 

{ 

1 _ 11 ~(h\2 _ cosf!t!4)\ r1 _ 21 x2 (.h\)~ 2.-"h 
21 A; r A. t.: 21 • A J A 

sin2 ( 2~ 1,) 

sin2 [ 2nl7 
A J 

S; .,.., [2~ I;: ~ .i:1 '1. ....... A. ;_·· · ~,,J 

sin ( ~l) 

( 
Dh J2 

+GK 256 n4 7 ) L 

GS 
2 M+ K GBA 

(16) 

(17) 

(18) 

(19) 

sin(¥) I 
I 

.) 

(20) 

(21) 

(22) 

(.23) 



R
3 

= GJ (1-K) yiN + G K B L 

where 

- ~ ~ (~)
2 

- cos(4ii) [1 -H 1'2 {~)
2
]-~ 

sin2 (~l) 

(24) 

G'?;' 2-K This approximation holds when the height of the 
screen is at least twice its width. G is a function 
of the limits of integration and depends upon the 
size and position of the screen. 

J = 
sin 2:tC 

). 
( ,l, - h) 

sin ( t' l) 

,v a'+ a11 

K = 180 
(as defined in paragraph 22 above) 

L The limits of L are: 

for an antenna without t op loading, and 

2 (h
1 

- h) 
F= h 

for an antenna with uniform current distribution in the 
vertical element. (Other values of L must be interpolated 
f rom the two curves shown in Plate 8. ) 

M is the radiation resistance of an antenna of height h 
and with a top loading equal to £- h or h2 + h3 • 

N is the radiation resistance of an antenna of height h2 
and with a top loading h3. 

S = (1 - K) 2 

h is the height of the screen. 

~ is the wavelength. 
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1 is the length of the antenna 

hl is the height of the antenna 

h3 is the ant enna flat -top 

h 2 is the height of the antenna above the shield 

D is the distance the antenna is from the shield 

a'+ a 11 = a is the angle the antenna makes with tho screen 
(See Fig. 3) 

C is the width of the screen 

28. The Eq.(22), (23), and (24) apply only for short antennas; 
i.e., the height of the antenna i s small compared t o a wavelength 
(A/10 or less) . An analysis of t he foregoing equations reveals that: 
(See Fig.J) 

R
1 

i s the radiation resis-c,ance of an antenna 
of height h next to a screen of height h. 

R
2 

is the r adiation resistance of the ~ 
section of the anten..~a. 

R
3 

represents the r adiation resistance due to 
the interaction between the h and h2 
se~tions of the antenna. 

Thus it will be seen that the sum of these t hree resistances gives 
the total radiation resistance of the antenna. (The terms R2 and 
R

3 
are zero if tho height of the antenna i s less t han or equal to 

the height of the screen.) 

29. In order to simpl ify the calculati ons of R1 , R2, 'lld 
R
3

, curves have been prepared so that the terma A, B J, K, 
L, M, N 1 and S may be read directly t herefrom. The term 
GKBA in Ri_ a.~d the term GKBL in R3 are negl igible if K i s 
less than 0.9 or if the antenna i s 50% higher than the screen. Thus, 
except f or very specitl cases, these two t erms may be neglected when 
determining R1 and R • It will be notGd from t he examples ·given 
below t hat the terms ~BL and GKB.4 n-e v,~ry small in most applica-
tions. 

A is given as a functi on of _i /h L11. Plate 3 • 

B is given for various velues of D/A- as s. 
function of h/A in Plate 4. 

J is given as a functi on of il>.. for V&rious 
values of h/1 in Plate 5. 

K Kl + K" is given as a f unct ion of c 1/D 
and c 11/D in Plate 6. 
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M a..~d N. The radiat ion resistance of an antenna 
ln the clear, with various amounts of top load­
ing is given as a function of the ant enna height 
in wa•relengths in Plato 1. 

S is given as a funct ion of K in Plate 7 . 

L can be interpolated from the values of 1" and 
E in Plate 8. 

JO. In order to illustrate the use of thl."; attached curves for 
determining the radiation resistance of fill ant8nna adjacent to a 
screen or shield, a number of examples are given bel ow • .An inspec­
tion of the examples reveals that quite a .few operations are neces­
sary to arrive at the desired result. However, it will bG noted that 
all the calculations are simple problems in multiplicat ion and addi­
tion. By following the methods outlined in the exDIDples, little dif­
ficulty should be axperionccd in arriving at the correct result. 

Elevation 
Vi ew 
Arltenna 

j t Screen . - hl 

r rD l 
I I I// I I/// 1 ;'T7T17 17 

Ground 

D = 5 feet 

h c-:.: 50 feet 

h1= 100 foet 

h2= 50 feet 

h~= 0 (No flat top) 
.) 

Example D 

Plan View 

,,,,. 
. / ~ 

-- c, 

c, 10 feet 

C" 20 feet 

C 30 feet 

[} --lr 100 feet 

Frcquenc-y = 600 kilocycles 

Pr oblem.: To determine the Radi11tion Resistance of t he 
antenna illustrated above Qt n frequency of· 
600 kilocycles. 
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From Plate 2: Convert the linear measurements into wavel ength. 

D = 0 .003 

h = 0.03 

h = 0 .06 
1 

h
2
= 0 .03 

h3= 0 (No top loading) 

!, = 0.06 

Eq. (22) 

F.q . (23) 

F.q. (24) 

K = 0 ,775 

Bi= G~ M + KGBA 

2 ½ = J N 

R3 = GJ (1-K) {w."i + GKBL 

(K = K' + K11
) 

K 1 = 0. 355 for c 1/D = 10/5 = 2 f rom Plate 6 

K11 = 0.42 for c11/D = 20/5 = 4 f r om Plate 6 

0.355 + 0.42 = 0.775 

G = 2 - K = 2 - 0.775 = 1.225 

S = 0.051 as read from Plate 7 for K = 0.775 

M = 0. 8 as read from Curve Con Plata l for A= 0, 03 

B = 0 . 0002 as read from Plate 4 for D = 0 .003A and h = 0.03A 

A= 1.13 as read from Plate 3 for 1,/h = 100/50 = 2 

J = 0.51 as read from Plate 5 for J/A = 0.06 and h = 50/100 = .5}, 

N = 0. 35 from Plate 1, Curve A for h2 = 0.03A and h3 = 0 

L = 0.4 from Plate 8 for 1½_/h = 2 for antenna with no top loading. 

Rl = 1 •225 ~ Q,05l X 0.8 + 0 ,775 X 1,225 X 0.0002 X 1 ,13 

= 0.025 + 0 .000214* 

R2 = 0.51 x 0.51 x 0,35 = 0. 091 

-18-



~ = 1.225 X 0.51 X 0 . 225 X v0. 8 X 0 . 35 + 1.225 X 0.775 X 0 .0002 X 0.4 

= 0.0745 + 0.000076* 

R = 0.025 + 0.091 + 0.0745 = 0.1905 obm, which i s the Radiation 
Resistance of the antenna illustra t ed above . 

*NOTE: As stated in paragraph 29 above , the terms GKBA 
in\ and GK.BL in R.3 are negligible if K is 

less than 0.9 or if the antennu is 50% higher than 
t he screen. The above example illustrates t hat 
t hese terms may b~ neglected without affecting 
t he practical r esult. 

The se.me nntenno. in tho clear; i.e., screen removed, would have a 
r adiation resistance of 1.5 obms (as obtained from Pl ate 1, 
Curve A for an antenn.'.l 0 . 06"-) . 

Example E 
Elevation 

View 

Antenna Plan View 

ll--screen hl 

.Antenna 
/ (vertical) 

,,, .,. t " 
/ " 

h 1- D 

l ,)71717717' JJ/IJl/1,,7 /77T 

Ground 

.,., D 
/ 

D = 10 feet 

h = 50 feet 

h1::: 90 feet 

h2= 40 feet 

h3= 90 feet 

Problem.: 

C = 30 feet 

f, = h1 + h3 = 180 feet 

Frequency= JOO kilocycles 

C1 = C11 = 15 feet 

To deter mine the Radiation Resistance of the antenna 
illustrated abovo a t n fr~qucncy of 300 kilocycles. 
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From Plate 2: Convert the linear measurements into wavelength 

D = 0. 003 

h = 0.015 

n1= 0 .028 

~= 0.012 

h3= 0.028 

1= 0.056 
GS 

Eq. (22) R:i_ = - 2- M + KGB-4. 

Eq. (23) 

Eq. (24) RJ = GJ (1-K) {uiN + GKBL 

K = 0.62 (K = K' + K11 ) 

K' = 0.31 for c 1/D = 15/10 = 1 .5 from Plate 6 

K11= 0.31 for c 11/D = 15/10 = 1.5 from Plate 6 

K = 0.31 + 0 . 31 = 0.62 

G = 1.38 (2-K = 2 - 0.62 = 1.38) 

S = 0 .145 as read from Plate 7 for K ~ 0.62 

M = 0 . 27 as interpolated between Curve C and Don Plate 1 
for h = 0.015 and top loading equal to 2.6 

B = 0 . 00004 as read from Plete 4 for D = 0 . 003A and 
h = 0.015 ( 4 x 10-5) Since this value is 

off scale read from 0 .03 and multiply by 0.01. 

A= 1.48 as read from Plate 3 for [/b = 180/50 = J.6 

J = 0.72 as read from Plate 5 for f/A = 0.06 and 
h/1, = 50/180 = 0.28 

N =0 .• 16 from Plt!.te 1 (Interpolation betwuen Curves C and D.) 

L = l.J from Plete 8 for 1½_/h = 90/50 = 1.8 (Interpolation 
between limits F mid H • 

R1 = 1.3s ~ 0
•145 x O.Zl + (KGBA wru.ch term is neglected) = 0 . 027 

R2 = 0 .72 X 0.72 X 0.16 = 0.08 
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R3 = 1.38 x 0.72 x O.J8 x 'yo.27 x 0.16 + (GKBL neglected) 

= 0.078 

R = 0.027 + 0.08 + 0.078 = 0.185 ohm, which is the Radiation 
Resistance of the Antenna illustrated above. 

·rhe same antenna in the clear; i.e., screen removed, wot!ld have a 
radiation resistance of 0.75 ohm (as obtained from Plate 1). 

Jl. In order to obtain actual experimental proof of the valid­
ity of the theoretical study of radiation chnracteristics as out­
lined in the foregoing paragraphs, a series of experiments were 
undertaken at the Naval Research Laboratory. A series of five dif­
ferent length antennas were operated at varying distances from a 
screen. The screen dimensions were as follows: 

Height - 20 feet 
Width - 10 feet 

The screen consisted of an iron framework covered with copper gauze . 
The antennas consisted of straight vertical wires (#8) of the fol­
lowing lengths: 

16 feet 
19 feet 
2J.7 feet 
28.5 feet 
38 feet 

J2. The base of each aqtenna was one foot above the ground. 
Thus it will be seen that the 16 foot antenna was shorter than the 
screen; the 19 foot antenna was the same height as the screen, while 
the re!llaining antennas e..xt ended above the screen at varying distances. 
All transmissions were conducted at a frequency of 2004 kilocycles . 
This frequency was chosen in order that the dimensions of the screen 
and the antennas could be kept small enough t o permit ease in handling. 
The 20 foot screen at 2004 kilocycles had the same effect as a 66 foot 
screen ~t 600 kilocycles or a 200 foot screen at 200 kilocycles. Each 
of the five different ant~nnas was operated at varying distances from 
the screen; namely, 

1 foot 
2 feet 

10 feet 
20 feet 

JJ. Relative field strength measurements were made at a point 
lJOO feet distant from the transmi tting antennas. Measurements were 
made with a recaiver equipped with an Electron-Ray Tube. The receiver 
was so adjusted that the signal under observation caused the shadow 
angle to reduce to exactly zero. A Standard Signal Generator was then 
connected to the input of the r eceiver and tho output of the Sta.~dard 
Signal Genera tor edjusted to again reduce t he shadow ~ngle of the 
Electron-Ray tube to zero. By this means t he relati ve field strengths 
of the various signals were det ermined. 
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J4. The results of these experiments are plotted in the curves 
shown in Plat e 12, wherein relative field strength i s plot ted as a 
function of t he distance from the antenna to the screen in feet. The 
soli d curves show the theoretical values calculated from t he equat ions 
presented in the foregoing paragraphs of this report. The broken lines 
connect the points obtained by actual measurements. I t will be noted 
that , in general, good agreement exists between the experimental and 
theoretical values. In all cases, however, the theoret ical values 
range through a greater difference in field strength t han was obtained 
during the actual experiments . These differences can be explained by 
t he fact that unsuitable ground conditions existed at the point of 
transmis sion and it was necessary to resort to tho use of a counter­
poise. This counterpoise should have been centered direct l y under the 
antennas, but it was impracticable to accomplish this. The screen em­
ployed was not a perf ect shield and various obstacles which were cap­
able of causing partial reflection or shadows intervened between t he 
t ransmitting and receiving loca t i ons. 

35. Plate lJ presents curves wherein t he experimental data ob­
tained during the above t estsare plotted in a different manner . In 
these curves Radiated Power (Relative) is plotted as a function of the 
distance from the ant enna to the screen in feet . In all cases the 
current as measured at the base of the antenna was held constant. It 
will be noted that in all instances the power radiated by a given an­
tenna close to the screen is far less than the power r adiat ed by the 
same antenna when spaced 20 feet from the screen. In the case of the 
16 foot antenna, the power radiated at the 20 foot distance is approxi­
mately 11 times that radiated by the antenna when wi thin one foot of 
the screen. These curves also illustrate, to a marked degree, the 
loss in radiated power resulting from the use of short antennas. 

36. From the results of these experiments it may be concluded 
t hat the theories upon which this study of short antennas and part ial­
l y shielded antennas is based are valid and represent a practical 
method for analyzing the characteristics of Naval shipboard radiators. 

37. Another form of antenna which is frequentl y encountered in 
shipboard installations is the type illustrated in Fig. 5. This an­
t enna runs vertically to a height h1 n.nd then at an angle 0 with 
t he horizontal to a height h2• This type of antenna can be changed 
to an equivalent vertical antenna with a horizontal flat top. 
Let h = h2 - h1 . Then if d is at least three t i mes h the fol-
lowi ng approximate method may be used . The equivalent fla t top an­
tenna is (h1 + h/ 2) in vertical height with a hori zontal flat top 
of l ength d. Now t he radiation resistance can be read from the 
curves in Plate 1 . 

38. The effective height of an ant enna. Occasions arise where 
it is desirable to knm,; the effective height of an antenna. If the 
antenna is short (vertical height is less than 0.1 wavelength), the 
ef fective height may be calculated by the following method. The flat 
top is restri cted to lengths such that the total electrical length 
of t he antenna is less than a qullrter wave . 
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Let 

where 

Effective Height = _]:_ 'JRi 
2 V Fi; 

Effective Hei ght is in feet 

h is the hei ght of the vertical element 
of the antenna in feet. 

R is the r adiation r esistance of an antenna, r ~ri.thout top loading, of height h. 
{Antenna in the clear) 

RR is the radiation resistance of the totcl antenna. 

I f the antenna does not have top loading, then RR=~ and the effec­
tive height of the antenna is h/2. The following example will il­
lustrate the use of the Effective Height formula: 

To find the Effective F..eight, at 200 kilocycles, of mi 

nntenna of 80 feet vertical height with an 80 f oot flat 
top. From the curves in Plate 2 the anwnna is 0.0163 
wavelength in hei g~t at 200 kilocycles. The radiat ion 
r esistance of a vertictl antenna, without t op l oading, 
of height 0 .0163 wnvelength is 0.098 ohm. The radia­
tion resistance of an anten.r1a of height 0.0163 wave 
length and with an equal length of flat top is 0.23 ohm. 
These values of radiation resistance are taken f r om 
Plate 1. Substituting these w.uues in the above equa­
t ion, one obtains 

Effective Height= 80 ✓ 0. 23 
2 0.098 

= 40 V 2. 35 = 61.2 f oot 

RADIATION SYSTF.MS 2000 TO 20,000 KILOCYCLES 

39 . At 2000 kilocycles an 80 foot vert ical antenna i s 0.163 
wavelength in height and would have a r~di~t ion r esistance of about 
10 ohr:ls. At JOOO kilocycles, this antenna would be about one- quar t er 
of a wavelength in height and would have a radiation resistance of 
36 ohms. These values of radiation resistance are taken from the 
curves in Plate 1. Flat top loeding would increase t he raciintion 
rGsistance, as can be seen from the curves. It should be noted that 
the curves in PlntG l are for antennas v:hich are in t he cl ear. I f 
the antennas are near masts or stacks or other obstructions, partial 
shiel ding will result and the radiation resi stance v,;_ll be lo~er than 
the values shown on the curves. In general, a.s the antenna height is 
increased on board ship, more of t he antenna is in the clear and a 
greater r adiation resistance will result. I f thG ant enna is not as 
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high as the screen or shield, the radiation resistance can be calcu­
lated from the following equa.tion: 

GSM 
R = 2 + 

where 

or 

where 

GK 15 ( ~) 
2 

[ cos ( 720 t) o 1 + _ __,; _ _ ~ _ 

sin2 { 360 .h \ 0 
2 \ ,..,J 

3 sin 

R is the radiation resistance in ohms 

D/A is the distance in wavelengths the a."ltenna 
is from the screen. D/A must be a small 
fraction of a quarter wavelength. 

h/A is the height of the antenna in wavelengths. 

M is the radiation resistance of an antenna 
of height h in wavelength without top 
loading. .M i s taken from Curve A of Plate 1. 

G, S, and K are defined in paragraph 27 abo110. 

R= + GKVZ 

2 
V = 15 ( ~) 

' A 

z 1 
. 2 r b) o 

sin (360 I 

J S:L"1 

0 

(720 r) ] 
8i'h 
A 

V is given i n Plate 14 as a fu.riction of d/L 

Z is given in Plato 15 as a function of h/A. 

The advantages of a radiation resistance of at least 10 ohms will be 
pointed out later. As the frequency is increased, the height of the 
antenna in wavelength increases and the radiation resistance reaches 
a maximum value of e..bout 2000 ohms for an miten.."la one- half of a wave­
l ength in height. At frequencies for which the a..~ten.~a is a multiple 
of "A./2 the radi ati on resistance is a me.ximum, whil0 at frequencies 
for VThich the antenna is an odd multiple of 'A./4 the radiation re­
sistance is a. minimum value. The reactance of the ontenna will vary 
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from zero to 2000 ohms and may be either inductive or capacitive. 
A transmission line or trunk, if greater th~ 12 feet in length, 
will be over ~/4 in l ength at 20,000 kilocycles. The transmission 
line is no longer a small fraction of A/4 in lengt h, as was the 
case at frequencies below 600 kilocycles and therefore can no longer 
be treated as a lumped cap~citance or condenser. Let us consider a 
few represe:riative cases which are likely to exist on board ship, 

40. Case (1). Where the transmitter is at the base of the 
antenna and no t ransmission line is used. For a fairly good antenna, 
80 feet in height, the radiation resistance at 2000 kilocycles wil l 
be about 10 ohms and greater than this value for all high<ll' frequen­
cies. The loss resistance of the antenna will be r elatively small . 
'I'he effective resistance of the coupling and antenna tuning circuits 
is small compared to the antenna resistance so that the r-f power is 
efficienUy tr~sferred from the power amplifier truik circuit to the 
antenna. The overall efficiency of the antenna system is good. 

41. Case (2). In thG majority of cases the transmitter is not 
located at the base of the antenna and some means must be provided 
for transferring the povror from the transmitter to the antenna. The 
most logical mathod of doing this would be h'J means of a matched trans­
mission line. The antenna impedance would have to be matched to tho 
transmission line , This v;ould require a matching network. There 
would be no standing waves on thG transmission li~e and the power 
losses in the transmission line would be a mini.mum. The input im­
pedance of the transmission line v,ould be equal to its characteristic 
impedance. This impedance, for a concentxic t r ansmission line, is 
at lee.st 40 ohms and is a pure resisto.nce. The antenna coupling c.nd 
tuning circuits operate very efficiently when transforrL~g r-f power 
from the power wnplifier tank circuit into a pure resistance of 40 ohms 
or more. The overall efficiency of this system is about 70%; i.e., 
~bout 70% of the power output of the transmitter is radi&ted if the 
antenna radiation resistance is 10 ohms or more. These conditions 
would hold for a good transmission line that is not over 200 feet 
long. 

4,2. There a.re some serious disadvantages tot.his method when 
considered for use on board a Naval vessel . A standard transmitter 
is required to cover the frequency rr.ngc of 2000 kilocycles to 
18,100 kilocycles. This requires that the anteru1a matching network 
be capable of matching the antenna to the transmission line nt any 
frequency within the above r~ge. The antenna reactance varies from 
zero to 2000 ohms and may be either inductive or c~pncitive. The 
a.~tennn r adiation resistance varies froc about 10 ohms to 2000 ohms. 
The matching network must be capable of matching the antenna having 
this wide range of -impedance tc the transmission line. This match-
ing network must be l ocated at the antenna end of the transmission 
line and therefore must be tuned by remote control from the trons­
oitter location. Consequently, si..lllplicity in operation is of prime 
ir.iportance. A careful study of matching networks has shown that the 
ne,tworks illustrD.ted in Fig. 6 und 7 are the sinplest form of a 
practice.1 installation. The .natching network in Fig.6 is capable of 
matching the antenna to the transmission line except when the radiation 
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resistance of the antenna is less than the characterist ic impedance 
of the transmission line and the antenna acts as a capacity reactance. 
This condition exists when the antenna is l ess than A/ 4 in height. 
Although the antenna can not be matched to the transmission line, the 
inductance 11 will resonate the antenna and thus the transmission 
line wil l be terminated in a pure resistance equal to t he antenna 
resistance. Thus, even under this condition the antenna will be 
fairly well matched to the transmission line . 

43. The matching network in Fig. 7 is capable of matching the 
antenna to the transmission line except when the antenna presents an 
inductive reacta.l'.lce and the antenna resistance is less than the char­
acterist i c impedance of the transmission line . This condition will 
exist when the antenna is between A/2 and A/4 in height, and the 
antenna rosistance is less than the characteristic impedance of the 
transmission line. 

44. The inductance 11 or 12 must be continuously variable 
from zero to 50 microhenries. The condensers C1 and C2 must be 
continuously variable from 5 to 400 micromicrofarads. The design 
of such a condenser would be difficult. Let us assume that we have 
designed the matching network shown in Fig. 6. Then t he problem of 
oper ating the matching network from the transmitter location arises. 
Radio frequency ammeters must be inserted between L1 and the trans­
mission line and between 11 and the antenna. The f irst ammeter, I l, 
reads the current at t he antenna end of the trunsmission line. The 
second ammeter, Ia , reads the current at the base of the antenna. 
A means must be provided for reading t hese meter s at the transmitter. 
The current at the transmitter end of the t ransmission l ine will be 
called IT. In or der t o match the anten...11a to the transmission line 
and the power amplifier tank circuit to the transmission l ine, the 
fol l owing conditions must be fulfilled simultaneously: 

(1) Tho antenna current Ia must be a maxi.mum. 

(2) The transmission line current IT and I1 
should be nearly equal, with I T slightly 
greater than I1 • 

(3) The transmitter must be tuned to operate into 
a pure resistance load equal to the character­
istic impedance of the transmission line . 

In order to obtain such a match the operator must first set all t he 
dials on the trnnsmitter to the previously calibrated values, including 
the antenna tuning dials. Then be must watch r1 , Ia, and IT as 
well as the power ampli fier plate current and vary 11 and c1 until 

he obtains the maximum value of Ia while simultaneously IT must 

be slightly greater than I1 • 
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45. Thus it will be seen that the probl em of matching a single 
antenna over a wide frequency range under the conditions which are en­
colllltered afloat results in a ratrer complicated installation, which 
is difficult to adjust. Extreme care must be exercised by the operator 
to obtain the proper adjustments or the advantages of using matching 
networks are lost. These adjustments are difficult to make since it 
is hard to determine exactly when the best match has been obtained. 
Furthermore, the impedance of the antenna would not remain constant 
due to the varying effects of booms1 changes in humidity and the re­
tuning of other antennas in the field of the antenna under discussion. 
Thus a calibration would not be useful over any extended period of 
time. 

46. Case (3). In order to avoid the difficult ies of using the 
antenna matching networks discussed wder Case (2), an unmatched 
transmission line can be used to transfer t he power from the trans­
mitter to the antenna. The ant enna reactance varies f rom zero to 
2000 ohms and may be either inductive or capacitive . The radiation 
resistance of the antenna varies f rom about 10 ohms to 2000 ohms. 
I t is readily seen that, except for special frequencies as when the 
antenna is 'A./ 4 , a very bad mismatch will exist at the a..11tenna end 
of the transmission line. Therefore, tl'Bre are standing waves upon 
the transmission line. Due to these standing waves, the voltage at 
certain points along the transmission line may be several hundred 
times the value for a matched t ransmission line. Thus a larger trans­
missi on line must be used in order to prevent voltage breD.kdown. The 
use of the larger transmission lines makes it possible to also have 
higher impedance lines. The advantages of higher impedance lines 
will be shown later. 

47. In general, for unmatched transmission l ines the current 
a.t the antenna end of the line is less than the current at the trans­
mitter end. However, the current at the antenna end may, in some 
cases, be greater than the current at the transmitter end of the line. 
In either case toore are standing waves on the transmission line. 
It can be shown mathematically, ond has been confirmed experimentally, 
that increasing the characteristic impedance of the transmission line 
reduces the standing waves on the line, thus reducing losses in the 
transmission line and in the antenna tt.ming and coupling circuits of 
the t ransmitter. It should be borne in mind that this is true only 
in the case where matching networks arc not used. 

48. Plate 10 gives the power radiated from an antenna as a 
function of antenna height at frequencies of 2004, 3070 and 4155 
kilocycles. The different antennas were connected to the transmit ter 
by means of a transmission line ll5 feet long having a chsracteristic 
impedance of 120 ohms. A 500 watt transmitter was used, operated at 
full power output. From the curves it will be noted that at 2004 
kilocycles the antenna must be 100 feet high in order to radiate 15% 
of the power output of the transmitter. This corresponds to an antenna 
height of 0.2 wavelength. Such an antenna has a radiation resistance 
of 19 ohms. At 2004 kilocycles a 20 foot antenna radiates about 0.03% 
of the power output of the transmitter. This antenna has a radiation 
resistance of 0 .63 ohm. The above figures show the disadvantages of 
short antennas with a correspondingly lqw r adiation resistance. Con­
versely, the curves show very- clearly the advi:mtage of using high 
antennas when transmission lines are used. 
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