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ABSTRACT

On bozrd Navy ships many antennas must be located in
places where the resulting field intensity patterns do not give
adeguzte coverage in sll directions. A system has been devised
of using two antenias in parallel anc switching the transmitter
alternately from one antenna to the other at a super-audible
rate, this giving an average effect of the patterns from the two
antennas.

This report describes the development of and results
obtained from such a system and it gives some results of an in-
vestigation of the interfering signals produced. The Irequency
range covered was 225 to 390 megacycles, and the switching rate
used was 20 kilocycles. The rssults obtained from the transmit-
ting switches developed were unsatisfactory, the power handling
capacity being limited by available tubes to less than five watts
per switch.

Ths switching action was accomplished through the use of
a vacuum tube across & resonant tank. The plate rosistance of the
tube, varying with the dc current through the tube, was used to
control the r-f transmission through this tank.
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INTRODUCTION

14 This work was requested by the Bureau of Ships and author-
zed by reference (1),

2. Cn board Navy ships, dus to the large numbers of antennas
‘used, it is necessary that some of the communication antennas be
mounted in placcs where good coverage over 360 degrees in the hori-
zontal plane is not possible. One possible method of improving

the coverage of these antennas would be to use a pair of antennas
with each transmitter. iIach antenna would be mounted in a position
such that in the direction in which radiation by one antenna would
be low, the rzdistion by the other antenna would be high. Such a
case would occur if the two antennas wers.mounted on opposite sides
of the ship. The transmitter could then be switched from one an-
tenna to the other at z supsr-audible rate and the patterns of the
two antennas would in sffect be averaged, thus giving more nearly
uniform coverage.

3. The purpose of this project was to investigate and develop
a method for the super-audible switchinz of the output of a 225 to
360 megecycle transmitter alternately bstween the two antennas,
and to meke an experimeﬂtal dstermination of modulation components
and bandwidth characteristics in the individual and composite ra-
diation fields of tﬂc two antennas.

LETHOD CF OBTAINING FLICTROMIC S./ITCHING

L. The methoé@ used to produce the switching was essentially

the same a2s that used in some TR systoms in radar. A switching
vacuum tube was ussd under the two operating conditions of conduct-
ion and necn-coaduction, &= p+au resistance being low during con-
duction and very high during non-conduction oi the current through
the tube. This tubs was connscted dirsctly across the antenna
transmission iine, th:reby alternately providing a low resistance
stiort and an open c:rcuLt in parallel with the line, switching thus
being obtained. 3witching was at a 20 kilocyele frecguency.

i .
D . Lite

ate resistance of most tubss is not low enough to pro-
vice a goc“ nort circuit across a 50-ohm line during conduction of
the tubs. Cdﬂouedudﬂlj, a resonant tank tuned by a parallel tuning
stub wazs used to builcd up tne volta;s. (See Figure 1, Flate 1).
The tank was mace approximately a nalf wavelongth at mic-irecusncy
with the switching tube located at the center or nizh impedance

!

voint., This ¢ucatlon permitted maximum effectivensss in switching.

rp 1—'
1

6. Tue switeh, as just described, woulc in one condition trans-
mit the r-f energy and, in the sscond, provide a short past which
the enerzy could not fiow. For alternate switching of two anten-
nas two of thsse units were reguired, each keyed 18U asgrees out
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of phase so that one switch would transmit energy during the time
the other wculd not. Jhen one switch would be shorted out its
input impedance wiould be very low; therefore, cuarter wavelength
transmission lines were used between each switch and the common
transmission line to the transmitter to transform this low im-
pedance into a high impedancs. This high impedance, being in
parsilel with the other branch, would not have much e¢fiect on the
transmission of the ensrgy from the other switch to the transmitter.
Tnis system is shown by figure 2, Flate l.

TRANSUITTING SUITCEES USING TRICLES

7e Some of the tubes tried for this transmitting switch wers
the #26, the 2039, and 3022 triodes, the best results being ob-
tainad with the 3022. %when triodes were used, the grids were by-
passcd to the plates so that with respect to the r-f voltage the
tubes acted as dioces. A photograph of the switch using the 3C22

trioce is shown by Flate 2. The graph of Flate 3 gives the per-
formancs of only a single switch measured with dc operating con-
ditions rather than with 20-kilocycle keying. In this grapn the
switching efficiency is expressed as the ratio of the powers
transmitted by the switech in the transmitting and non-transmitting
conditions expressed in decibels.

8. The r=flection curve is ifor the operating condition of non-
conduction through the tube, or of transmission through the switch.
At low power level the reflection of this switch was of the order
of 15 percent and switching efficiency was about 25 cscibels.

Jhen the povwier was raised to five watts the switehing efi icisncy
droppec¢ to approximately 20 decibels, this switching efizciency
varving over the frequency band, The reflection Gid not vary much
s the power was roiscd, but due to experimental difficulties the
Gata obtainsd at thic hizher power level was too erratic to be
plotted. The source of power was the XAZ transmitter at the quar-
ter-power tap position. The power output at this setting was not
xnown zccuratsly, but was probably betwsen 5 and 10 watts.

. The power capacity of this switch was limited by the per-
missible r-f voltage swing of the grid of the 3C22 tube. This
can be explained with the aid of Plate 4, which shows the vari=-
ation of thc output from the switch expresscd in percent of the
power which would be transmittec without the switeh, as a func-
tion of the zrid vcltags of ths 3C22 triode, at a plate voltages
of 600 volts ané = frocuency of 325 megacycles. During dc con-
duction throuzh thc tube and non-transmission through the switch
the tube should be operated with grid voltage sufficient to give
meximum rated plate current. The r-f voltage applied will swing
the zrid voltage around this operating point but the amp plitude of
this swing ig limited to the region where the switch is well cut
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off. In the non-conducting condition of the tube the cc bias must
be far enough nezative that no plate current will flow curing any
part of tne r-f cycle super-imposed upon the dc bias on the grid.
Upon the application of the largest permissible r-f signal to the
switch, the zrid of the 3022 will swing on the positive peak of
the r-f cycls from the point at which the tube just begins to con-
duct to a point of maximum inverse voltage ior the grid of the tube
on the negative peak of the r-f cycle. The drop of switching ef-
ficiency when 5 watts power was applied to this switch, as shown
by the graph of Plate 3, is due to the fact that during dc con-
duction throuzh the triode anc¢ non-transmission of the r-f energy
through the switch the r-f wvoltage across the triode became too
Zreat, The plate resistance of the triode, varying with the cur-
rent, becomss too great at the negative part of the r-f cycle,
this giving poorer keying.

10, By measurement of the dc bias necessary for complete cut-
off of the plate current of the tube both with and without appli-
cation of the r-f powier to the switch it was found that when the
3022 was not conducting the r-f voltage across the 302z was ap-
proximately 15 timeq?fiat 50-ohm line voltage. If the resonant
tank should be designed to give lower r-f voltage across the tube
during non-concuction the voltage across the tube during conduct-
ien would be higher, and vice versa,

PRQDUCTION CF UNDIZSIRED MOCULATION COMPON=NTS AND CARRIER HARMONICS

11 This forezoins discussion assunes square-wave keying. If
sine-wave keyinz should be used on the grid of thc tubc, the oper-
ating point with respect to the carrier frequency woulcd move along
the sloping part of the output vs,., grid veltaze curve of Plate 4
at a relatively slow rate, The r-f voltage would swing the grid
potential above and below this operating point ziving various de-
groes of transmission for different parts of the r-f cycle. This
would be equivalent to the production of harmoniecs of the carrier
freousney. Since the switch is rather sharp in tuning it would
probably attenuazte thzse harmonics to az considerable extent. If
additional attenuation of thsse harmonics should be desired, fil-
ters could be placed between the switehes and the antenna.

Y. eyl

12, In additicn to the harmonics of the carrier frequency,
nndesired signals are produced by the switching through interaction
between the switchins frsqueney and the original carrier side—
bands. This occurs cven when the signal amplitude is small enough
that the transmission throuzh ths switch wocs not change apprec-—
iably over any port of the r-f cycle. The switching freguency
acts as a modulation irscuency in amplitude meodul=tion, but it

] & both carrier ind sidsband fregquencies rather than just
This creation of extrzneous sideband components by
; ie discussed in reference (2) whers it was shown

27

that the freguesncics preseat would be the carrier frequency, the
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orizinzl sidsband frecuenclss, the sidebznd Irequencies produced
by the modulating =zction of the switching on the carrier, and

)]

sidebaad freguencics containing tne sums and ci:ifersences of the
frecuencies oi the switcning and of the original sidsbands.

Jait As this switch was not suitable for switching apprecia-

ble amounts of power no keyer was built for it, and it was test-

¢ only under static conditions cof bias. An sxpoerimental study
- moculation bandwiditns 2nd of interfering harmonics was not

made since this would probably be mainly dependent on the type
of switeh used.

} /ITCHIS USING GAS TUBES

s Characteristics of gas tubses were investigated but no
gas tubes suitable for use in ths transmitting switches were
found. Although gas tubes fulfill the recuirements of low plate
resistance, there asrc several obstacles to their use: namely,

5

{2} Gas tubes introduce the possibility of producing

15

]
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(b} To extinguish the erc in a gas tube, the peak anode
voltazs must fall bslow the extinction potential
for the tube,

(¢) ihen the peak-to-peak r-f voltage swing becomes
too great it will bescome impossible to cxting-
uisn the arc even with zero dc bias on the gas
tube. This results becauss the volta,e at the
positive peak of the r-f cycle will become great
enough to produce an arc in one direction and the
negative peak will become great enough to produce
asn arc in the other direction, thus maintaining
the ionization of the gas in the tube.

(d) Tonization and deionization time beocome factors to be
considered at 20 kilocycles, this rapid keying not
beinz possible with tubes containing some of the

heavier Zases.

[P

uch tubes as the 1523 .and 7024, having been designed

sration in TR systems, co not have the power dis-
ary for continuous cpsration at currents large

the conditions of low r-f plate resistance.

5: Cli
or pulse op
ipatlion nece
nough to rea

h
E
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CCUCLUSICNS

1E, The transmitting switch using the 3022 triode is not

suitable for switching more than zbout five watts power., If
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an effort should bc made tc switch more power than this, the
switching efficiency would be lowcred, the peak inverse voltage
on the grig of the 3C.- triode would become excessively high

and harmonics of the carrier frequency would be produced. At
any power ievel adcitional sidebands resulting from the 20 kilo-
cycle switching will be present. :

ACKNC: LEDGAL.NTS

i7. Co-workers on this projsct were kir. Sam K. Brown, Ens.,
USHR, and lr, Henry F. Carlson, CRE, USH.

i5, Yr. gohn H. iarkell of NAL performsd preliminary work
on clectronic switchcs under this project. His work was of
value in the development of the switchss presented in this
report,

RESERLNCES
1. BuShips lir. Sec. 929 Ssr. Ho. 71 of 3

30
to Dirgctor, N.R.L. (SRPPE): Request fo
ment of Problem S1OGLR-C.

Lecember 1944
r Assign-

2s HRL Rsport R-2715, January 1946: Developasent of
flectroanic Receiving Switches for the 225 to 390
isgacycls freguency Range.

Uriginal data recorded in NRL log Book 5367

DECLASSIFIED



-— Tunuig stud

Keying
Voltage

/‘]27 anfenha,

Keying
Voltage

L ;r-om Zr'dnsn: Z‘fc r

F;’g. 2

3

PL}‘:‘

:Tor anlerna

By R o
((r% N‘

SKETCHES SHOWING JIETHOD OF. QFERATION QF

ELECTRONIC SWITCHES

DECLASSIFIED




TRANSMITTING SWITCH USING 3C22 TRIODE

DECLASSIFIED PLATE 2
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