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ABSTRACT

Loran transmitters currently in service are of
pulsed oscillator type. They suffer from pulse and fre~
quency instability. Their signals occupy large bands in
the spectrum with consequent inter-channel interference
in addition to interferineg with the operation of other
services. Greater accuracy in Loran systems may be ob-
tained by matching individuel r-f cycles, the first
prerequisite of which is rigid control of the radio fre-
gquency and phase of the transmitter output. Since present
Loran transmitters are not compatible with the require-
ments for reduction of side~band radiation and cycle-
matchine techniques, an investigsation was conducted to
ascertain the possibilities in the desien of new Loran
transmitters. A simple method of derivine the radio fre-
quency from the Loran Timer's crystal oscillator has been
evolved, thus permitting the use of cycle-matching techni-
ques znd insuring excellent frequency stability. Side-
bands may be minimized by controlling the shape of the
pulse. This report describes the techniques employed
and the results obtained with an experimental grid-modu-
lated crystal-oscillator power-amplifier transmitter.

DECLASSIFIED

rEeEEEERE Al



STATEMENT OF PROBLEN

£ 5 Reference (1) requested the Laboratory to devise a means
for reducing the slde-band radiation from Loren transmitters. The
method of attack was to be determined by the Laboratory. It be-
came apparent that cycle-matching as developed for LF Loran results
in improved accuraey and a reductien in the effects of noise, Con-
sequently, reference (2) recuested the Laboratory to determine the
feasibility of incorporating cyclee-matching in stendard 2 mc. Loran
systems. Eneclosure (A) of reference (2) states that "the overall
results which this and associated NRL problems should provide are:
(a) Design suggestions for a MOPA type of transmitter with restric-
ted band radiation, capable of utilizine the timer oscillator as a
source of stabilized frequency; (b) iieans for deriving the trans-
mitter frequencies from the timer oscillator". This report covers
the results of the work on this project by the Transmitter Section
of the Ship<Shore Radio Division.

INTRODUCTION

283 Loran transmitters currently in service are of the pulsed
oscillator type. They suffer from pulse and frequency instaebility.
Their signals occupy large bands in the spectrum. The fundamentsgl
design of these transmitters does not permit the apmlication of
cycle-matehing techniques in the synchronization of slave stations.
Consequently, the most modernm Loren transmitter, the liodel TDP-1,

is not regarded as an ultimate design in Loran transmitters, Cycle-
matching and side-band reduction both entall stabilization of the
transmitter freouency and control of the pulse shape, The transmit-
ter frequency may be stabilized by deriving its carrier frequency
from the Loran timer's crystal oscillator, Side-~bands may be mini-
mized by controlling or modulating the shape of the pulse., Refer-
ence (5) contained four proposals for new types of Loran transmit-
ters. After a conference with representatives of the United States
Coast Guard and Code 935 of the Bureau of Ships, it appeared that
the second proposal of reference (5) was the most practical one to
meet service needs. Reference (6) contained brief circuit design
suggestions and a description of a crystal oscillator-power ampli-
fier tvpe of transmitter which derives its carrier frequency from
the Loran timer's crystal oscillator.

3. The side~band reduction problem was attacked by two
methods: (1) An attempt was made to build filters which would
attenuate the undesirsble side-band spectra. (2) Rectangular redio-
frequency pulses were fed to a power emplifier stage where they were
shaped or modulated, thus reducing side-bands.

L. The transmitter described in the following vparagraphs is
the culmination of the experiences gleaned in working on the pro-
ject. A complete description is provided for a radio-frequency
multiplier which permits the derivation of warious carrier-frequen-
cies from the Loran timer crystal oscillator. A simple system of
generating and modulating rsdio-frequeney pulses is described,

Data on the side-band and harmonic spectra due to transmitted pulses

are also presented. _
| R _
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A 3RID Mongmmn CRYSTAL OSCILLATOK - POWER AMPLIFIER (COPA) LORAN
TRANSMITTE | - .

.

5« Plate 1 is a block diagram of the proposed type of COPA
Loran transmitter. A radio frequency multiplier generates a fre-
quency of half the carrier frequency from the 100 kc Loran Timer os-
cilletor. This continuous wave output is then applied to a pulsed
doubler which generates a rectangular excitation wave at the carrier
frequency. 4 series of IPA stages increase the power level prior

to driving the grid modulated power amplifier stage. The power
amplifier is modulated by a cosine wave derived from the same source
which triggered the excitation wave.

THE RADIO-FRENUENCY MULTIPLIER

6. Plate 2 is a block diagram of the radio-frequency multi-
plier which is required to generate a frequency of cne-helf the
carrier frequency from the 100 ke timer oscillator voltage. Two of
these radio-frequency multipliers are required for double pulse
operation as diagrammed in Plate 1. The 100 kc signal from the
timer oscillator is multiplied by a factor of nine before the signal
is injected into a converter, Reference to Plate 2 will clarify the
method by which the various frequencies are combined in the conver-
ter to permit operating the COPA transmitter on either 1750, 1800,
1850, 1900, or 1950 kec. With the use of the 20, 25, and 33 1/3 cps
repetition rates, this freguency alloceation would provide for the
operation of 120 pairs of Loran stations without operating more than
one pair on the same radio-frequency at the same repetition rate.

Ta Plate 3 is a schematic diagram of a radio-frequency
multiplier. Tubes V1 and V2 operate as triplers thereby driving
grid number 1 of the converter, V3, with a 900 ke signal. Switch

S1 selects the appropriate beat frequency which together with the
tuning of the circuit 1L3C3 determines the converter outout frequency.
The intermediate amplifier, V4, smooths the amplitude modulations
resulting from the beating action of the converter. Constant ampli-
tude waves at one-half the transmitter output frequency are delivered
to the pulse exciter. Tube V5 is a locked divider generating a 25
ke signal which is doubled and tripled by Véand V7, respectively.
Dividing is accomplished in tube V5 by driving grid number 1 with

a 100 k¢ signsl while grid number 3 is being driven by a 75 ke
signal, the plate cireuit being tuned to the beat frequency of 25 ke,
Tripler V7 multiplies this 25 ke signal to 75 kc for application to
grid number 3 of divider tube V5.

THT PULSED STAGES

5. Plate L is & schemstic diagram of the pulsed stages of an
experimental COPA transmitter. Tubes V8 and V9 act as pulsed "push-
push" doublers with grid circuit L9C9 tuned to one-half the carrier
frequency. The plate circult L10C10 is tuned to the carrier fre-
quency. This stage is biased beyond cut-off until the positive
keyer pulse at "C" drives the tubes to saturation resulting in the
rectangular radio-frequency excitation pulse shown in Plate 5 (B).

. - 2-
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This excitation pulse has a base length of 75 microseconds and a
rise time of 2 microseconds. The doubler keying pulse recorded in
Plate 5 (C) has a base length of 65 microseconds. A second pulsed
doubler is required for double pulse operation., Under these con-
ditions both pulse doublers should employ the common plate tuning
circuit, L10C10, so that both pulses would encounter similar tuned
circuits. The plates and screens of a second pulsed doubler may be
connected at the point "B" in Plate 4. Radio-frequency pulses are
generated in the last doubler stage in order to minimize radiations
on the carrier frequency between pulses. It is necessary to employ
careful shielding and isolation of the pulsed doubler and radio-fre-
quency multipliers in order to minimize radiations which might
interfere with signals received between pulses by the timer receiver.

9. The schematic drawing of an experimental gerid-modulated
power-amplifier stage is shown in Plate 4. A high power transmitter
similar to the one diagrammed in Plate 1 would employ three IPA
stages. These stages have not been emploved in the experimental
trensmitter in the interest of simplicity. However, Loran transmit-
ters with three pulsed stages have been successfully constructed at
the Laboratory. In designing IPA stages for a grid-modulated Loran
transmitter it is imperative that the rise time of the pulse in each
stare be kept as fast as possible in order to minimize the time de-
lay introduced from the time the first IPA stage is excited until
the last IPA stage delivers a pulse, Since IPA stages were not em-
ployed in the experimental transmitter being described, the rectangu~
lar excitation pulse from the pulsed doubler is coupled directly

to the power amplifier grid circuit. The power amplifier is biased
pevond cut~off prior to the arrival of the radio-~frequency excitation
pulse "B" and the modulation waveform "E", Plate 5 B) is a photo-
graph of the excitation pulse while Plate 5 (E) shows the modulation
waveform, The modulated power-amplifier stage generates a pulse
similer to the one recorded in Plate 5 (2).

10. Plate L4 also contains circuit drawings of the keying and
modulsting circuits. The heart of the pulse generating eircuit is
the thyratron, V12, and its associated artificial line. The artifi-
cial line in the plate circuit of the thyratron is charged %o 800
volts through a 50000-ohm resistor durine the "off" period. When
the thyratron is triggered through the pulse input transformer, T1,
the thyratron effectively acts as a switch in terminating the arti-
ficial line across the 100 ohm resistor in the cathode of the
thyratron. Thus a positive pulse of voltage apoesrs at the cathode
of the thyratron as the artificial line is discharged and the thy-
ratron extinguishes itself. The line is recherged during the "o f"
period between pulses, Flate 5 (E) shows the waveform generated by
the thyratron. The slope of the leading or lagging edges of the
pulse may be reduced by adding low values of resistance in series
with the first or last condenser in the artificial line., & half of
tube V11 is employed as a pulse squaring amplifier, the output of
which is shown in Plate 5 (D). The other half of tube V11 is em-
ployed as a pulse inverter in order to produce the pulsed doubler
reyine waveform shown in Plate 5 (C). Reference to Plate 1 shows
that two of these pulse generator circuits and a diode mixer are
required for double pulse operation. The pulse forming thyratron,

| L -3 -
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vi2, in Plate 4 1s suitable for generating weveforms in grid modulat-
ing hish-power Loran transmitters, since the JAN Type 4C35 thyratron
may be employed to generate several kilovolts of pulse potential.

SIDE-BAND REDUCTION DATA

XL Pulse transmission spectra consist of a carrier and an in-
finite set of upper and lower frequency sidebands. For a given pulse
repetition rate the number of significant side-bands and the effec-
tive band-width increase as the pulse length is shortened. &4t a
given pulse repetition rate the number of significant zide-bands and
the effective band-width also increase when the rise and decay time
of the pulse are shortened. It is permissible to think of the shape
of the pulse as a function of the amplitude vs. frequency distribu-
tion of the radio-frequency components. 4As observed by the Loran
navigator, the steepness of the leeding edge of the pulse is in part
due to the shape of the transmitted pulse and in part due to the
shaning by the receiver-indicator. Figure 3% of reference (4) shows
how narrowing the receiver band-width widens the observed pulse
shape end reduces the steepness of the pulse, The overall problem,
therefore involves both the transmitter end the receiver characteris-
tics. From the receiver standpoint, it is desirable to restrict the
band-width as much as possible in order to minimize the effects of
noise and interference, and yet to keep the band sufficiently wide
so as not to reduce the pulse slope sufficiently to impair the
measurement accuracy. ZFrom the transmitter standpoint, it is desir-
able to restrict the frequency of the radiated components in order
to avoid interference with other Loran channels and other services,
while at same time transmitting a pulse which meets the demands of
the Loran service.

123 After considering the numerous variables involved, the
Bureau of Ships established a specification on desirable transmitter

ulse shape in Par. 5 of reference (8)., Paragraph 3-30 of reference
?7) established speelfication limits on the amplitude vs. frequency
distribution of radio-frequency components due to the transmitted
pulses. These specifications state that the pulse width at half am-
plitude shall be within the limits of 38 and 42 microseconds. The
pulse rise time to 90% amplitude shall not exceed 25 microseconds.
Maximum width of the pulses at 10% amplitude shall not exceed 60
microseconds. The energy in the spectrum due to the transmitted
pulses shall be down 10 db at * 25 kc, 35 db at * 50 ke, and 75 db
at = 100 ke.

152 The experimental transmitter described in previous para-
graphs was adjusted to emit a pulse similar to the one recorded in
Plate 5 (A). Its shape meets the specification Tequirements in par
5 of reference (8) since the pulse length at half amplitude was L1
microseconds, the rise time to 90% amplitude was 25 microseconds,
the length at 10% amplitude was 60 microseconds, and the base length
was 66 microseconds. Plate 6 contains a curve of the amplitude vs.
frequency distribution of energy due to the transmitted pulses. It
should be noted that the side-band energy is down epproximately 38 db
at * 25 ke, 52 db at : 50 ke, and 57 db at = 100 ke, According to
data recorded for similsr measurements by the Bell Telephone Lebora=-

E - -
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tories in reference (3), existing Loran transmitters generate side-
bands down approximetely 10 db at ¥ 25 ke, 22 db at £ 50 ke, and
35 db at * 100 kec. The Interservice Leboratorv of the Nstional
Bureau of Standerds has recorded apnroximately similer date in Fig.
16 of reference (4). Approximately similar data have also been re-
corded at this laborstory by adjustine experimental transmitters to
simulate the usual Loran pulse,

14. The general method of measurement was similar to that em-
ployed by the Bell Telephone Laboratories and the Interservice kadio
Laboratory, both of whom employed National HRO receivers in probing
the spectrum. Plate 7 contains the frequency response curve of Ser.
No. C-379 National HRO receiver employed in determining the side-
band data recorded in Plate 6. Pulse signels for probing by the re-
ceiver were derived from a capacitor type of divider connected
across the dummy losd resistor at point "A" in Plate 4, 4 fifty-
foot length of 52-ohm coaxial cable served as one side of the capaci-
tor divider in addition to conducting the sampling signal to the
probing receiver, The indicator of a DAS-2 Loran receiver was con-
nected to the output of the probing receiver in order to present the
output visually as a means of adjusting the gain. Signals from a
Model 605B General Radio Oscillator were then substituted for the
transmitter signal as a means of determining the relative signal in-
put potentials. The nodael points of the curve in Plate 6 represent
points of maximum and minimum energy as determined by the probing
receiver.

HARMONIC REDUCTION METHOD AND DATA

15. Hermonics from Loran transmitters are of sufficient strength
to interfere with other services, This condition will become in-
creasingly serious as the peak power output of Loran transmitters is
increased. Experiments in harmonic reduction were conducted with the
experimental grid modulated transmitter, A series circuit resonant
to the harmonic frequency wes connected across the dummy load resis-
tor, between point "A" and eround in Pleate 4. The following data
were recorded when a pulse similar to the one shown in Plate 5 (4)
was transmitted:

Harmonic Frequency Relative Cutput Relative Output
L%gs] Unfiltered (DB) Filtered (DB)

a8/ 1850 0 o]

2 3700 "37 ao ] -45-5

3 5550 -38.0 -45.0

4 7400 -41.0 -49.0

) 9250 ~43.0 -50.5

6 11100 ~47.5 -56,5

7 12950 -63.5 -74,0

8 14800 ~73.0 -—

No changes in pulse amplitude or shape due to tuning of the series
resonant circuit could be observed on a Servoscope connected across
the dummy loed resistor. When the filter was tuned to the eighth

E - g

DECLASSIFIED



harmonic, the signal was just barely noticeable above the noise
level. It should be remembered that the date recorded above are not
an indication of the harmonic radiation which may be anticipated
from actual Loran transmitterssince push-pull final amplifiers
micht be expected to reduce even harmonics. The antenna coupling
unit and the antenna are frequency selective devices, The experi-
mental transmitter has a single-ended power amplifier stage. The
data and experimental results show that harmonics due to Loran
transmitters may be reduced by employing simple series resonant
circuits, without distorting the pulse shape or complicating trans-
mitter tuning procedures.

SIDE-BAND REDUCTION 3Y MEANS OF FILTERS

16. The problem of pulse shaping to reduce side-beands was ori-
ginally attacked from the aspect of filtering undesirable components.
Design calculations for a conventional pass-bend filter with the
desired characteristics showed the impracticability of this scheme
for Loran transmitters, considering the high peak potentials and
currentswhich would be encountered in high-power transmitters.

These filters also reflect a variable impedance with frequency as
observed by the power amplifier stage. estigial side-band filters
similar to those employed in television transmitters were then in-
vestigated. This general type of filter, described on page 301 of
Volume V of the RCA Review, actually dissipates most of the energy
in the undesired side-band. Lumped constants were employed instead
of the coaxial stubs encountered in television transmitters. An
attempt was also made to filter both side-bands instead of one as

is required in television practice. The input impedance of an ex-
‘perimental double side-band vestigial filter, sultebly terminated,
remained reasonably constant at % 150 ke of the carrier freguency.
However, the insertion loss was approximately 6 db. Under steady-
state conditions, the attenuation at + 100 ke was approximately 27
db. Under pulsed conditions, a rectangular pulse was converted to a
type aporoximating the exponential rise-exponential decay with little
improvement in side-band reduction as compared to present transmit-
ters. "Ringing" on the trailing edge of the pulse was also in evi-
dence, This type of filter requires precise control of the constants,
entailing close tolerances in menufacture and operation. Different
filters would have to be designed for each chsnnel frequency. It
also appeared that voltages which would be encountered in high-power
transmitters would render this type of filter impractical, even if
further development could have improved its characteristics.

17, The effect of shaping rectangular pulses by passing them
through a Loren receiver is well known. The tuned circuits discrimi-
nate against various components in the side-bands depending on the
selectivity of the receiver., An attempt was made to construct a
series of three transformers for insertion between the transmitter
and the antenna, These circuits proved to be difficult to tune since
tuning one of them varied the characteristics of the others. It must
be remembered that in receivers the tubes act as decoupling devices
between the various tuned transformer circuits. No appreciable im-
provements in side-band reduction were effected by this method.

R -6 -
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PULSE SHAPING BY MODULATION

18, After reaching the conclusion that pulse-shaping by means
of filters was impractical for application to Loran transmitters,
greater consideration was given to pulse shaping by actual modulation
of some stage in the transmitter. Pulse shaping could actually be
performed by keyine the pulsed doubler with a suitable waveform,
However, this would necessitate the use of linear amplifiers in all
subsequent stages of high-power Loran transmitters. Linear amplifi-
ers are more difficult to adjust and have lower efficiency than do
Class C amplifiers. Another possibllity would be plate modulation

or keving of the final amplifier, It is believed that plate keying
might be accomplished successfully by employing a modulator tube and
pulse transformer under single pulse conditions, However, the design
of pulse transformers is qulte dependent upon repetition rate. Under
double pulse conditions in Loran trensmitters the repetition rate
approaches infinity as the cross-over point 1s approached. Conse~
quently, it would be necessary to employ separate pulse transformers
in connection with diode mixers. The diode mixers wbuld have to be
capeble of peak emissions equal to the power amplifier tubes, render-
ing this method somewhat impractical. Absorption modulation was
attempted and it was found possible to generate cosine shaped output
pulses rather eesily. However, it was not found possible to modulate
to the degree necessary %to generate the desired cosine-sguared wave-
form.

19, Grid-bias modulstion of the power amplifier stage seems to
be the most reasonable aporoach to pulse shaping by modulation in
order to avoid the use of a number of linear amplifiers. 4 compari-
tively small tube is capable of controlling trensmitters of consider-
able power, In this system the plate voltage is essentially constant
and the power output during the pulse is obtained by increasing the
plate current during the pulse.

ADVANTAGES OF A CRYSTAL 0SCILLATOR - POWEXR AMPLIFIER (COPA)LORAN
TRANSMITTER

20. (a) The COPA transmitter facilitates the application of
cycle-matching techniques to 2 mec operation.

(b) The COPA transmitter minimizes the possibility of off-
frequency operation and locks the master and slave stations on pre-
cisely the same frequency as long as synchronization is maintained.

(¢) The COPA transmitter is potentlally capable of provi-
ding excellent frequency and pulse stability under variasble conditions
of temperature, humidity, and 1ine voltage. The transmitter fre-
guency stability is determined by the timer erystal oscillator,
which is an extremely stable device.

(d) The COPA trensmitter minimizes the possibility of
frequency shift during the pulse, thereby reducing the side-band
radiations. The pulsed oscillator currently employed in Loran Trans-
mitters derives its plate potential from e capacitor in which the
potential decreases by as much as 20 per cent during the pulse. This

ppE——— s
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condition is conducive to frequency shift in oscillators. Phase and
frecruency modulation complicate the side-band frequency spectre.

(e) The COPA transmitter permits modulation of the pulse
in order to reduce side-bands. .

CONCLUSIONS

ik It is possible to desien successful pulsed multistage and
multifrequency Loran transmitters which derive their carrier fre-
guency from the crystal oscillator in the Loran timer, This pro-
cedure permits the generation of pulsed signals whose radio frequen-
cies are extremely accurate and stable. Phasing controls may be
inserted betwsen the crystal oscillator and the radio frequency
multiplier thus permitting accurate control of the r-f phase as
required in Loran cycle-matching operation, Pulses of excellent
stability may be generated.

22, Side~band reduction by msens of filters does not appear
practical for applicetion to Loran transmitters. However, side-bands
may be reduced by shepingz the pulse to approach a cosine=-squared
waveform. This shaping or modulation may be successfully accomplish-
ed by grid modulation of the power amplifier stage. 4n experimental
transmitter of this type generated side-bands which were 28 db lower
at + 25 k¢, 30 db at * 50 ke, and 22 db lower at * 100 kc than
side~-bands generated by existing Loran transmitters.

23. Harmonics due to Loran transmitters may be reduced approxi-
mately 7-10 db by placinz a serles resonant circuit across the
transmitter's output load circuit. Pulse shape is not distorted by
this nrocedure,
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CONVERTER— X2 MULT —OQUTPUT
900 - 25 = 875 X 2 = |750K.C.

900-0 =900 X 2 = I800K.C.
900+ 25 =925 X 2 = I850K.C.
900+ 50 =950 X 2 = |1900K.C.
INT 900+ 75 =975 X 2 = 1950K.C.
b e
925 KC OUTPUT
AMP, TO PULSED DOUBLER
T STAGE
4 50 KC.
S i
CONVERTER -< i 25 KC.
e Y
| 75 KC. =
A A X2 MULT.
KC MULT. (50 KC.)
(900 KC)
I }
X3 MULT. : : 4
LT.
(300 KC) (25KC)
/
100 KC. THE OUTPUT FREQUENCY IS DEPENDENT UPON THE
FOUR TIMER TUNING OF THE CONVERTER AND THE POSITION
OSCILLATOR OF SWITGH SI

BLOCK DIAGRAM OF RADIO FREQUENCY MULTIPLIER FOR
A CRYSTAL OSCILLATOR- POWER AMPLIFIER LORAN

TRANSMITTER
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(A) TRANSMITTER OUTPUT
AT DUMMY ANTENNA

-

(B) PULSED DOUBLER (C) PULSED DOUBLER
OUTPUT KEYING WAVE

YN

(D) SQUARING AMP. (E) POWER AMP.
OUTPUT MODULATION WAVE

(ALL PHOTOS TAKEN ON 100 s SWEEP OF NRL SERVOSCOPE)
WAVEFORMS OBSERVED IN EXPERIMENTAL COPA LORAN TRANSMITTER
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