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THE LORAN SYSTEM .. Part I 
Pulsed transmissions on 1700-2000 kc provide precise over -water navigation for ships 
and aircraft at distances up to 1500 miles from shore -based stations at night, or 750 
miles by day. Operating principles of the most important long-range navigation system 

to come out of the War 

LORAN (from Long Range Navi- 
gation) is a system of radio 

navigation which permits the navi- 
gator of a ship or an aircraft 
to determine his position with an 
accuracy not worse than 15 miles at 
a distance of 1500 miles from shore. 
It is one of a family of systems, 
known as "hyperbolic navigation 
systems", which measure the rela- 
tive time of arrival of two or more 
radio signals sent synchronously 
from known points. 

Loran operates in the region from 
1700 to 2000 kc, and employs high - 
power pulses of approximately 50 
microseconds duration. 

History of the Development 

The Loran development is based 
on a proposal of Dr. Alfred L. 
Loomis, of the National Defense 
Research Committee, who in 1940 

devised a hyperbolic method of po- 
sition finding and suggested that 
the Radiation Laboratory, then be- 
ing formed at M.I.T., undertake to 
develop the system. Prior to this, 
Robert J. Dippy of the Telecom- 
munications Research Establish- 
ment in England had devised inde- 
pendently substantially the same 
system, which was christened the 
"Gee" system and developed to the 
point of operational use in 1942. 
In that year an exchange of infor- 
mation between Radiation Labora- 
tory and T.R.E. revealed that the 
two groups were working on the 
same system, but with different 
aims. 

The Gee system was intended for 
the guidance of high -flying bomber 
aircraft over Germany, at maxi- 
mum distances of 200 to 300 miles, 
and employed line -of -sight fre- 
quencies in the region from 40 to 
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FIG. 1-Basic layout of the Loran system. Master and slave stations transmit 
synchronized pulses, and the difference in their times of arrival determines the 

position of the ship or aircraft 

80 mc. The Radiation Lab group 
was working on a system, later 
christened Loran, which would serve 
equally well for aircraft at high 
altitudes or naval ships on the sur- 
face and which would have a range 
greater than 500 miles, for the de- 
fense of American shores. The fre- 
quency adopted for Loran in the 
winter of 1941-42 was 1950 kc, just 
inside the then recently vacated 160 - 
meter amateur band. After the 
interchange of information, the two 
projects were coordinated and there- 
after the two systems, Gee for 
short ranges at high altitudes and 
Loran for long ranges at any alti- 
tude, were exploited independently 
by the two groups. 

In 1942, the first Loran stations 
were put in operation along the At- 
lantic coast from Delaware to 
Greenland by the Radiation Labora- 
tory and later turned over, for 
routine operation, to the Coast 
Guard. In that same year ship - 
borne navigating equipment was 
manufactured in small quantity and 
later appeared in several improved 
models in sufficient quantity to 
equip the entire fleet. By 1943 pro- 
duction was in full swing on the 
AN/AISN-4 airborne navigating 
(receiver -indicator) equipment, and 
in 1944 a new version, the AN/ 
APN-9, made its appearance. These 
receivers were based on the original 
Radiation Laboratory design, as 
was the ground station equipment 
(transmitters, pulse timers, and 
synchronizing equipment). Ground 
installations were made at Allied 
bases over the entire globe, from 
The Bay of Bengal in the west to 
the Mediterranean on the east, and 
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Loran stations have beer installed in many remote places, like this one (noie towers) 
on top of a cliff in the Faeroes Islands 

manned bÿ personnel of the Coast 
Guard, Army Air Forces, Canadian 
Navy, British Navy, and Royal Air 
Force. 

Credit for the development of the 
Loran system and all its compon- 
ents, as well as the study of radio 
wave propagation on which it is 
based, goes to the Loran Division 
of the Radiation Laboratory, a 
group* of approximately 50 engi- 
neers, physicists and technicians 
which served under the direction in 
successive years of Melville East - 
ham, Donald G. Fink, J. C. Street 
and J. A. Pierce. Credit for the ef- 
fective use of the system by the 
fleets and air forces of the Allies 
goes to thousands of individuals in 
the Armed Forces who put into ef- 
fect plans formulated by Major 
General H. M. McClelland of the 
U. S. Army Air Forces, Rear Ad- 
miral Joseph Redman of the U. S. 

Navy, and Air Vice Marshal Sir 
Victor Tait of the Royal Air Force. 

* Among the staff members of the Loran 
Division who contributed to the .develop - 
went and installation of the equipment are 
Elizabeth Cooper, David Davidson, Melville 
Eastham, D. G. Fink, Gordon Gregory, John 
lialford, D. E. Kerr, R. B. Lawrance, A. A. 
MacKenzie, Glenn Musselman, J. A. Pierce, 
J. K. Phelan, A. J. Pote, B. W. Sitterly, J. 
A. Stratton, W. L. Tierney, Joseph Wald- 
schmit, J. C. Williams, and R. H. Woodward. 
Among the military contributors were Major 
.1. M. Hertzberg, AAF; Commander A. S. 
Van Dyck, USSR; Commander J. R. Foster, 
RUSH ; Lt. Commander Fletcher Watson. 
Hydrographie Office; and Captain L. M. 
Harding, USCG. 

The principle of hyperbolic navi- 
gation, as exemplified in the Loran 
system, is illustrated in Fig. 1. 

Four pulse -transmitting stations 
are located along a shoreline adja- 
cent to the ocean area over which 
navigation is desired. Two of these 
stations (A, and A2 in the figure) 
are, for economy's sake, at one 
point which is known as the "dou- 
ble master" station. This station 
sends out pulses broadcast in all di- 
rections, at a highly precise rate. 
Two sets of pulses are transmitted. 
One set, transmitted by station A 
operates at a rate of, say, 25 pulses 

r 
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per second. The other set, corres- 
ponding to station A,, operates at a 
slightly different rate, say 25.0627 
pulses per second. The difference in 
the rates permits the two sets of 
pulses to be distinguished when 
they arrive at the ship or aircraft. 

Consider first a pulse broadcast 
by station A,. This pulse travels 
to the associated "slave station" B1, 

where it is received. After a pre- 
determined delay, B1 sends out an 
identical pulse which is timed at 
the rate of the pulse received from 
station A,. Hence stations A, and 
B, send out identical pulses at the 
same rate (in this case 25 per sec- 
ond), but the pulses from station 
B, are emitted later than those from 
A, by the time taie, (the time of 
travel from A, to B,) plus the delay 
S within station B,. The two sets of 
pulses from A, and B, are transmit- 
ted to the receiver on the ship or 
aircraft. The pulses from B, arrive 
after an additional delay t, and 
those from A, after an additional 
delay to. 

At the receiver the two pulses are 
displayed on a cathode-ray oscillo- 
scope and the difference in their 

WAR and POSTWAR 

DEVELOPED by the Radiation Laboratory at M.I.T. in 1941-42, Loran 

has since served as the principal long-range navigation service of 

the Allied fleets and air forces. 
The system currently provides precise, navigational coordinates cov- 

ering one quarter of the earth's surface. Representing a wartime invest- 

ment of over 100 million dollars, it will continue to be operated, for the 

use of commercial marine and air services. The British government in an 
unprecedented step has recently recommended that Loran be standard- 
ized internationally, in preference to other British and German systems, 

as the primary radio aid to transoceanic air navigation. 
This article, the first of a series, describes the operating principles of 

the system, its basic specifications and methods of use. Following articles 
will describe the airborne and shipborne navigating equipment as well 

as the ground stations which provide the service 
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FIG. 2 --Derivation of a hyperbolic Loran 
line (shown in red) from points of equal 

time difference 

times of arrival is very precisely 
measured (to an accuracy of the 
order of one microsecond) . The time 
difference so measured is equal to 

T01 = (tAl»1 -I- SI + ti) - t, (1) 
The quantity in brackets represents 
the time required for the master 
pulse to be relayed to the receiver 
via station B, and t, represents the 
time for the master pulse to arrive 
directly from A,. Using the meas- 
ured value of time difference, the 
navigator consults a Loran chart 
and finds on it a line (or interpo- 
lates between lines where neces- 
sary) associated with station pair 
A1B1 and marked with the cor- 
responding value of time difference. 
The ship or aircraft is located on 
this line. 

By an exactly similar procedure, 
the navigator then measures the 
time difference between the other 
pair of pulses, originating in sta- 
tions A2 and B2 and sent out at 
25.0627 pulses per second. The time 
difference is 

Tat - (ta2B2 -r SY + t2) - t. (2) 
Using this value of time difference, 
the navigator consults the same 
chart and finds (or interpolates) 
another line, associated with the 
station pair A2B2. The intersection 
of this line with the line found 
previously is the position of the air- 

craft or ship. Thus by two meas- 
urements of time difference on 
synchronized pulses arriving from 
two pairs of stations, the navigator 
finds his position. 

If the time difference is meas- 
ured precisely, the accuracy of posi- 
tion finding is correspondingly 
precise. When the time differences 
are measured accurately to one 
microsecond it is possible to deter- 
mine the position to within a few 
tenths of a mile in the most favor- 
able regions of the area covered, 
and the error in navigation is in no 
case worse than one percent of the 
mean distance of the ship or air- 
craft from the stations. Thus if 
the navigator is roughly 500 miles 
from shore, he can determine his 
position within 5 miles, and in cer- 
tain areas (at this distance) he may 
even determine it within a mile or 
less. Moreover, as the navigator 
approaches shore and the need for 
precise navigation increases, the 
accuracy of position finding in- 
creases in proportion to the need, 
approaching a limiting accuracy 
which is well within one mile. 

The relation between the time 
difference and the corresponding 
position line on a Loran chart can 
be seen from Fig. 2. Suppose that 
the navigator is at point A, be- 
tween the two stations Al and B 
and suppose that t, is 600 microsec- 
onds and t, is 1400 microseconds. 
Then the time difference between 
the two paths t1 - t, is 800 micro- 
seconds. Likewise, if the naviga- 
tor is at point B, both times are 
longer (1000 and 1800 respectively) 
but their difference remains the 
same, 800 microseconds. Similarly, 
at points C, D, B', C', and D' the 
same time difference appears. The 
locus of these points and of all in- 
termediate points displaying the 
same time difference (shown as a 
red line in the Figure) is theo- 
retically a hyperbola. However, 
when the locus is plotted on the 
surface of the earth, the term 
hyperbola does not strictly apply 
and the term used is a Loran line 
of position, or simply "Loran line". 

It will be noted that in discussing 
Fig. 2 we refer to the time differ- 
ence t1 - t whereas the time dif- 
ference actually measured is that 
given by Eq. (1). But in Eq. (1) 
the quantities t4181 and Si are con- 
stants for any particular pair of 

stations, so the time difference ac- 
tually measured is t, - t, plus a 
constant. The constant is computed 
and taken into account in labelling 
the lines on the chart, and need not 
be considered by the navigator. 

The Loran line shown in Fig. 2 
is one of a family of lines, since 
for each value of measured time 
difference there is a corresponding 
hyperbolic locus. Such a family is 
shown in Fig. 3. Here the lines 
have been labelled with the actual 
values of time difference, given by 
Eq. (1), when the value of the 
slave station delay S is 1000 micro- 
seconds. In the case shown, the 
value of time difference increases 
continuously from a low value of 
1000 microseconds on the degen- 
erate hyperbola (baseline exten- 
sion) passing through the slave sta- 
tion B, to a high value of 5000 
microseconds on the corresponding 
line passing through the master 
station A1. It will be noted that each 
line has a separate value of time 
difference, and there is no ambi- 
guity. This follows from the time 
difference defined by Eq. (1). If 
the signals were emitted simul- 
taneously from master and slave 
stations, lines at equal distance to 
the left and right of the center line 
would have the same value of time 
difference and an ambiguity would 
exist. It will be noted also that the 
lines shown are separated by in- 
tervals of 400 microseconds. For 
every line shown, the system can 
distinguish 400 intermediate lines. 

The family of lines in Fig. 3 
nevertheless illustrates a funda- 
mental shortcoming of all hyper- 
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FIG. 3-Family of Loran lines. The navi- 
gator selects the line corresponding to 
the measured time difference, interpolat- 

ing where necessary 
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ºnrnrary of the system is to state 

FIG. 4-Two families of lines, from two pairs of stations, overlap to form a sys- 
tem of Loran coordinates. The lines determine the fix (shown in red). Between 

adjacent lines, 500 additional lines can be resolved by the system 

bolic navigation systems : the ac- 
curacy of determining the position 
is not constant over the coverage 
area. The lines are most closely 
spaced (and the accuracy of posi- 
tion correspondingly highest) along 
the baseline connecting the two sta- 
tions. As the navigator departs 
from the baseline, the lines diverge. 
Hence the accuracy of navigation 
decreases with increasing distance 
from the stations, as already stated. 
Moreover, the divergence of the 
lines increases as the navigator de- 
parts from the center line and ap- 
proaches the baseline extensions. 
Along the baseline extensions them- 
selves, the accuracy of the system 
is poor. To assure navigation of 
acceptable accuracy over the desired 
area it is necessary to select the 
locations of the stations with care, 
so that the areas of primary in- 
terest fall within the central por- 
tion of the family of lines. 

Figure 4 represents a typical ar- 
rangement of a doable master sta- 
tion and two slave stations and 
shows the overlapping families of 
Loran lines. The position fix shown 
corresponds to a time difference of 
3000 microseconds from station 
pair A1.131, and 2500 microseconds 
from station pair As 3.. This fig- 
ure illustrates another factor in- 
fluencing the accuracy of the fix, 
the angle at which the two lines in- 

tersect (crossing angle). In the 
vicinity of the master station, the 
crossing angle is close to 90 degrees, 
the optimum case. At greater dis- 
tances the angle decreases and lon- 
gitudinal accuracy, i.e., along the 
lines, is thereby reduced. However, 
the combined effect of all the losses 
of accuracy is expressed in the 
rule -of -thumb previously stated; 
the accuracy is not worse than one 
percent of the mean distance from 
the stations, and the accuracy im- 
proves as the navigator approaches 
the center line or the baselines, or 
both. 

A quantitative index of accuracy 
is given in Fig. 5. Each line of 
Loran line is indicated as a zone, 
at the center of which is the indi- 
cated line of position and the edges 
of which represent the limits of un- 
certainty in measuring the time dif- 
ference. When two such zones are 
crossed to find the position fix, the 
intersection of the zones forms a 
quadrilateral, shown shaded in the 
figure. The indicated position is 
the point shown in the center of 
the quadrilateral, but the position 
is uncertain over the shaded area. 
The maximum diagonal of the 
quadrilateral is a measure of the 
error in fixing the position. The 
maximum possible error is one half 
of this dimension. 

Another way of expressing the 

the angle corresponding to the un- 
certainty in a line of position. This 
angle is directly comparable with 
the angular accuracy of a loop -type 
direction finder. In the family of 
lines shown (Fig. 3) there are 
3200 separately distinguishable 
lines between the limiting para- 
bolas, which subtend an angle, at 
the center of the baselines, of about 
110 degrees. Hence the average 
angular separation between re- 
solvable lines is about 0.03 degree, 
compared with one to five degrees 
which is the normal accuracy of a 

loop -type direction finder. 

Distance of Coverage 

After the accuracy of the system 
has been established, the important 
remaining question is the maximum 
distance at which the signals can be 
received with sufficient accuracy 
for the intended use. 

The attenuation of 2000-kc radio 
signals propagated with horizontal 
polarization via the ground wave 
over sea water is approximately 10 

db per 100 miles. The standard 
Loran pulse is fed to the antenna 
with a peak power level of from 
75 to 100 kw, and the standard 
Loran transmitting antenna has a 
power efficiency of at least 75 per- 
cent. Under these conditions the 

i 

-I T -INDICATED FIX 

MAXIMUM 
}----UNCERTAINTY 

OF POSITION 

INDICATED FIX 

MAXIMUM 
UNCERTAINTv 
OF POSITION 

FIG. 5-Any discrepancy in measuring the 
time differences spreads the Loran line into 
a "zone." Two zones, crossed, form a 
quadrilateral (shown in red) within which 

the position lies 
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FIG. 6-Propagation of Loran signals at night via the sky wave. The "one -hop -E' 
reflection possesses sufficient constancy of transmission to replace the ground wave 

and thus extend the night-time range of the system 

signal falls to a level of about 2 
microvolts per meter at a distance 
of 750 statute miles, and this is 
about the minimum level on which 
the receiver can operate in the 
absence of atmospherics. At night 
the external noise level (originat- 
ing outside the receiver) increases 
and the maximum useful range via 
the ground wave is reduced to about 
500 statute miles. In exceptional 
circumstances, noise may reduce 
the range to smaller values, and 
precipitation static encountered in 
aircraft may obliterate the signals 
even within a few miles of the sta- 
tion. But for 95 percent of the 
time, the reliable range using the 
ground wave is 750 miles by day, 
500 miles by night. 

Early in the development of the 
system, Melville Eastham suggested 
that the sky wave signal might be 
employed at night to extend the 
range and this thesis was first 
proved by a series of several 
thousand observations made by J. 
A. Pierce at Bermuda early in 1942. 
Since the pulses employed in the 
system are short, the several signals 
reflected from the ionosphere are 
discernible separately, and it was 
possible to investigate the con- 
stancy of transmission of signals 
reflected from the several iono- 
spheric layers. The early investi- 
gations showed that a singly -re- 
flected signal from the E -layer of 
the ionosphere was transmitted 
with remarkable constancy. The 
E -layer signals displayed some fad- 
ing and variations in shape, but 
were sufficiently stable to allow the 
time difference to be measured to 

an accuracy of the order of five 
microseconds. The same investiga- 
tion showed conclusively that reflec- 
tions from the F -layers of the 
ionosphere were much less stable, 
not only in the time of transmission 
but also in the constancy of pulse 
shape. 

This discovery of an hitherto un- 
suspected property of sky wave 
transmission made it possible, at 
night, to double the range of the 
system by employing singly -re- 
flected E -layer signals. The height 
of the E -layer is about 60 miles, 
so a wave leaving the earth tan- 
gentially is refracted back .to 
another point of tangency at a dis- 
tance of about 1600 statute miles. 
At distances beyond this only 
doubly or multiply -reflected S- 
layer signals can be received and 
these are generally so weak, or so 
inconstant in transmission, that 
they were not believed to have util- 
ity in a system intended for use by 
the Armed services. Accordingly 
the limit was set at 1500 miles, 
and the Loran charts and tabula- 
tions of time difference were pre- 
pared to cover this range from the 
stations. 

The mechanism of the propaga- 
tion of the sky -wave is shown in 
Fig. 6. The "one -hop -E" signal is 
the sky wave signal used. It will 
be noted that this signal takes an 
additional length of time to travel 
from transmitter to receiver, rela- 
tive to the ground wave. This 
"sky wave delay" must be taken 
into account in using the system. 
Specifically, a sky wave correction 
of a specified number of microsec- 

onds is computed for each portion 
of the chart and this correction 
added to or subtracted from the 
observed reading of time difference 
before entering the chart to find the 
Loran line. Figure 7 gives the av- 
erage values of the singlehop S- 
layer sky wave delay in microsec- 
onds (as measured over the winter 
of 1942-43) for various distances 
between transmitter and receiver. 
The appropriate values of delay are 
added to the ground wave transmis- 
sion times ti and t, (see Fig. 1) in 
computing the sky wave time differ- 
ence. The difference between the sky 
wave time difference and the ground 
wave time difference (the latter 
being given by Eq. (1)) at the 
given point is the sky wave cor- 
rection which is applied as previ- 
ously stated. 

Sky wave transmission is gener- 
ally available at 2000 kc only at 
night, although at distances beyond 
500 miles the sky wave signals are 
often seen on Loran oscilloscopes in 
the early morning and late after- 
noon hours. Where military opera- 
tions are scheduled for the night 
hours (for example night -bombing 
missions), the sky wave may be re- 
lied upon not only for recetion at 
the ship or aircraft but also for 
synchronizing the pairs of stations. 
When sky waves are so employed 
for synchronization, the system is 
known as SS Loran ("SS" for sky - 
wave synchronization). Since the 
sky waves are propagated over 
land with almost negligible attenua- 
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FIG. 8-Typical ground -wave and sky -wave pulse sequence as observed on the Loran 
oscilloscope. Signals to the right of the one -hop -E are disregarded by the navigator 

tion, it is possible to set up an SS 
system for navigation over land 
areas. The first such system was 
set up over Germany, using stations 
in Africa (later Italy) and Scotland. 
It provided accurate coverage over 
the entire region of occupied Eu- 
rope from the summer of 1944 to - 
the end of the war. This system 
was used by the British night 
bomber force, and was sufficiently 
accurate to permit blind bombing 
over Berlin. 

Figure 8 shows a typical se- 
quence of pulses as they are ob- 
served on the cathode-ray trace of 
the Loran indicator. It is evident 
that the navigator must identify 
the proper pulse before measuring 
the time difference, and this con- 
stitutes a problem in the applica- 
tion of sky waves. When within 
range of the ground wave, the first 
pulse to appear is the ground wave, 
which is generally considerably 
weaker (because of the higher at- 
tenuation) than the following sky 
waves. The next after the ground 
wave pulse is the one -hop -E pulse, 
since it arrives by the next short- 
est path. If the navigator is just 
beyond the range of the ground 
wave the first pulse seen is the one - 
hop -E, and this pulse must be 
matched with the corresponding 
pulse from the other station of the 
pair. Experience in operation has 
proved that a navigator soon be- 
comes accustomed to the sequence 
of pulses shown and is generally 
able to distinguish the ground wave 
from the sky waves and the one- 
hop -E wave from the other sky 
waves. 

How the Time Difference is Measured 

Figure 9 shows the method by 
which the navigator measures the 

time difference. The cathode-ray 
indicator displays two horizontal 
traces which are formed, in suc- 
cession with invisible retrace lines, 
as shown. The traces are formed 
under the control of a quartz -crys- 
tal oscillator which is adjusted to 
exact synchronism with the incom- 
ing pulses, say those from station 
pair A1B1. In the case we have 
cited (Fig. 1) the pulse rate for 
A,B1 is 25 pulses per second, so the 
time from the beginning of the top 
trace through the entire pattern and 
back ta the beginning of the top 
trace is exactly 1/25th second, and 
each trace is approximately 1/50th 
of a second long. The pulses, being 
synchronous with the traces, appear 
as stationary vertical lines, as 
shown in the Figure. 

Auxiliary "pedestals," created by 
circuits within the indicator, are 
used as index marks. By adjust- 
ment of the crystal -control circuit, 
the pulses are moved until one pulse 
falls on the top pedestal. The bot- 
tom pedestal, controlled by an ad- 
justable delay circuit, is then moved 
under the bottom pulse. The rela- 
tive positions of the two pedestals 
are then adjusted, by a series of 
expanded sweeps, (details of which 
will appear later in this series) 
until they are oriented with the in- 
coming pulses to an accuracy of 
one microsecond. The time delay 
between the formation of the ped- 
estals is then measured by calibra- 
tion pulses derived from the crystal 
control. This is the value of time 
difference associated with stations 
A,B,. A similar measurement is 
performed on the pulses from sta- 
tion pair 24,132 by adjusting the 
cathode-ray deflection circuits to be 
synchronous with the rate for that 
pair, namely 25.0627 pulses per 
second. 

In all, 14 pulse rates are avail- 
able in the indicator, eight rates 
being slight variations of 25 pulses 
per second, and the remaining six 
being variations of 33§ pulses per 
second. In addition, three radio 
frequencies, 1750, 1850, and 1950 
kc, are available (1900 kc was also 
used in the SS system) so a wide 
choice exists in the selection of 
pairs of stations. Theoretically 14 

x 3 - 42 pairs of stations can be 
accommodated in any one interfer- 
ence area (about a 2000 -mile 
radius) and the whole group can be 
duplicated in another non -adjacent 
area. In this manner it is possible 
to provide widespread coverage 
without requiring any more than 
300 kc of ether space. In post-war 
applications, only 1850 and 1950 

kc will be used, according to the 
Loran band proposed for interna- 
tional standardization at the Rio 
de Janeiro conference last month. 
-D.G.F. 
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FIG. 9-Basic Loran oscilloscope pattern. 
By orienting the pulses with the pedestals, 
and measuring the time between pedes- 
tals, the time difference is determined. 
Expanded sweeps are required to obtain 

one -microsecond accuracy 
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Loran Receiver -Indicator 

Circuit details and operation procedures of the navigator's equipment, which establishes 
the position of ships or aircraft by measurin g pulse time differences, are described in this 

second article of a series 

THE receiver -indicator of the 
Loran system, as stated in the 

first article of this series', measures 
the difference in the time of arrival 
of a pair of pulses, displayed on a 
c -r oscilloscope. 

The oscilloscope sweeps are syn- 
chronized with the incoming pulses 
by an independent quartz -crystal 
oscillator adjusted by the operator 
to exact synchronism. The pulses 
are approximately 40 microseconds 
wide at the half -amplitude level. To 
match such wide pulses to an ac- 
curacy of one microsecond, it is nec- 
essary to superimpose the wave- 
form of one pulse directly over the 
other. 

The pulse -matching procedure is 
illustrated in Fig. 1, which com- 
prises photographs taken directly 
from the screen of the Loran indi- 
cator. In Fig. 1A the horizontal 

traces are sweeps each approxi- 
mately 20,000 microseconds long, 
synchronized at 25 sweeps per sec- 
ond, or 15,000 microseconds long at 
33i pps. The upper trace is referred 
to as the master or A trace because 
on it is displayed the pulse from the 
master (A) station; the lower trace 
is the slave or B trace. 

The pedestal on each trace repre- 
sents a portion of the trace which 
is later expanded to reveal the pulse 
shape. The master pedestal is fixed 
in position at the left edge of the 
master trace. On it is displayed the 
master pulse. The slave pulse then 
falls somewhere to the right on the 
lower trace. The slave pedestal, 
whose position. is adjustable, is 
moved until it falls directly under 
the slave pulse. These steps are 
illustrated in Fig. 1A through 1C. 

When the set is first turned on, 

the pulses appear (Fig. 1A) in arbi- 
trary positions, depending on the 
fortuitous phasing of the crystal 
synchronizing circuit relative to the 
incoming pulses. By slight adjust- 
ment of the crystal synchronizing 
frequency both pulses can be shifted 
left or right on the screen until the 
positions shown in Fig. 1B are 
found, i. e. with the master pulse 
on the master pedestal and the slave 
pulse below it and to the right. 

The portions of the traces con- 
tained within the pedestals are then 
expanded (750-1.tsec sweep) by 
changing the sweep speed, with the 
result shown in Fig. 1D. By a fine 
adjustment of the slave pedestal 
control, the lower (slave) pulse is 
moved so that it falls nearly under 
the master pulse, and lw adjustment 
of the crystal synchronizing control, 
both pulses are shifted to the left 

FIG. I-Photographs of the 
Loran indicator screen, illus- 
trating the sequence of ad- 
justments employed in match- 
ing the pulses. See text for 
full description. Screens are 
shown about one-third size 
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The DAS -3 shipborne equipment. Except for its greater size and weight this 
receiver -indicator is very similar to the AN/APN-4 

of the trace;, as añc,Y,-n. 

A second expansion of the traces 
(200-usec sweep) is then intro- 
duced, as shown in Fig. 1E, and the 
two traces are then brought to- 
gether (Fig. 1F). Any difference in 
the heights of the two pulses is cor- 
rected by a differential gain control. 
Finally, by further adjustment of 
the slave pedestal, the two pulses 
are brought into exact coincidence, 
as shown in Fig. 1G. 

Reading the Time Difference 

The time difference is measured 
by calibration marks, derived from 
the quartz crystal synchronizing 
circuit and imposed on the traces 
as shown in Fig. 2. By throwing 
a switch, after the pulse match of 
Fig. 1G is obtained, the pulses are 
removed and the calibration marks 
substituted. The time difference is 
read in three steps which indicate 
in succession the units and tens, 
hundreds, and thousands of micro- 
seconds. 

In Fig. 2A the fastest sweep (cor- 
responding to Fig. 1E) is shown 
with markers extending above and 
below each trace. The small upward 
markers indicate ten -microsecond 
intervals, and the larger downward 
markers indicate fifty -microsecond 
intervals. The units and tens are 
read by considering the lower trace 
as a scale and one of the upper 

markers as a pointer, reading from 
a large marker on the lower trace 
to the next larger marker to the 
right on the upper trace. The time 
interval indicated is 24 micro- 
seconds. 

The sweep is then contracted one 
step to 750 sec and the markers 
shown in Fig. 2B appear. The traces 
correspond to those in Fig. 1D. 
The largest downward markers 
mark 500 -microsecond intervals. 
The hundreds of microseconds are 
read.in the same manner as in Fig. 
2A, that is, from a large marker 

electronics 
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on the lower trace to the next 
larger mark to the right on the 
upper trace, counting in steps of 50. 

The partial time difference indi- 
cated is 350+ where the plus sign 
indicates the partial time difference 
previously read, 24 microseconds. 
Hence the total time difference, thus 
far measured to the hundreds, is 
374 microseconds. 

Finally the sweep is contracted 
to its original length, 20,000 µsec, 
corresponding to Fig. 1C. The 
markers then appear as shown in 
Fig. 2C. Each trace is divided into 
groups of 2,500 microseconds. The 
thousands of microseconds are read 
from the upper pedestal to the 
lower, in groups of 500. The partial 
time difference indicated is 3,500+, 
where the plus sign indicates the 
partial time difference, 374 micro- 
seconds, previously measured. The 
total time difference is then 3,874 
microseconds. 

This apparently involved method 
of measurement is not so compli- 
cated in practice as it appears when 
described verbally. The complete 
process, indicated in Fig. 1 and 2, 

can be carried out in less than a 

FIG. 2-Calibration markers, 
photographed from the indi- 
cator screen, which indicate 
the time difference between 
pulses. The total difference 
in the case illustrated is 3.874 
microseconds. Screens are 
shown about one third size 

ELECTRONICS - December 1945 

www.americanradiohistory.com



F'1G. 3-Receiver (left) and indicator of the AN APN-4 airborne receiver -indicator 
equipment. The sequence of patterns shown in Fig. 1 and 2 are obtained by 

manipulation of the indicator controls, as described in the text 

minute by a well -trained operator, 
or in ten or twenty seconds by an 
expert. 

The foregoing steps are then re- 
peated on another pair of stations. 
The pulses from the second pair of 
stations are sent out at a slightly 
different pulse rate, (say 25?e pps) 
but on the same radio frequency. 
Hence these second pulses are vis- 
ible during the foregoing opera- 
tions, but move rapidly across the 
screen, since the sweeps are not syn- 
chronous with them. The motion 
is sufficiently rapid that the second 
pair of pulses does not interfere 

with the measurement of the first. 
To measure the second pair, the 

sweep rate of the indicator is 
switched to the rate corresponding 
to the second pulse rate. The second 
pair then remains stationary, and 
can be measured as above while the 
first set is in motion. In some 
regions of the world, as many as 6 
pairs of pulses, each pair on a 
different rate but the same radio 
frequency, can be seen simultane- 
ously. The identification of the pair 
being measured is made by noting 
the rate at which the c -r sweeps 
are set. The sweep -speed switch is 

marked with station -pair numbers 
which correspond with similar num- 
bers marked on the Loran chart. 
The complete identification and 
time difference reading is given in 
several characters, a typical ex- 
ample being 1L1-3874. The figure 
1 refers to the radio frequency 
(1 = 1,9.50 kc), the letter L to the 
basic pulse rate (L = 25 pps), 1 

to the specific pulse rate (L1 = 252e 
pps), and 3,874 is the time differ- 
ence (typified in Fig. 2). 

External Appearance 

The external appearance of a 
typical airborne Loran receiver - 
indicator type AN/APN-4 is shown 
in Fig. 3. The smaller unit con- 
tains the receiver proper and the 
regulated power supply. The oper- 
ating controls are the radio - 
frequency channel switch at the 
lower left (whose numbers corre- 
spond to the first digit in the identi- 
fication symbol) and the power 
switch. The larger unit is the indi- 
cator, which comprises the c -r oscil- 
loscope and its associated timing 
and sweep circuits. The two small 
knobs, upper left, control the bril- 
liance and focus of the c -r trace. 
The toggle switch, upper right, in- 
troduces small changes in the crys- 
tal frequency and thus shifts the 
pulses to left or right. Below it is 
the crystal -frequency control knob 
which is adjusted to bring the sweep 
traces into exact synchronism with 
the incoming pulses. 
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The operating controls just below 
the c -r tube are overall gain, am- 
plitude balance, sweep speed and 
station selector. The first controls 
the height of both pulses as they 
appear on the screen, whereas the 
second is a differential gain control 
which adjusts the height of one 
pulse relative to the other, as re- 
quired in the matching procedure. 
The sweep speed selector introduces 
the successive changes illustrated 
in Fig. 1 and 2. The station selector 
selects the specific sweep rates to 
correspond to the discrete pulse 
rates of the different station pairs. 

The two large knobs at the bottom 
are left to right the coarse and fine 
controls which shift the position of 
the slave pedestal in the matching 
procedure. The switch at the lower 
right selects the basic pulse rate,. L 
for 25 pps and H for 331 pps. 
The various controls are so ar- 
ranged and marked that a glance 
at the settings gives the first three 
digits of the identification symbol. 
The AN/APN-4 weighs about 65 
pounds and consumes about 275 
watts, 400-2,400 cps, 80 or 115 v. 

Several other Loran receiver - 
indicators have been developed. The 
DAS -3, the basic equipment used by 
the Navy aboard ship, is somewhat 
larger and heavier, and has a dif- 
ferent arrangement of controls, 
but is otherwise similar to the 
AN/APN-4. It operates on 60 -cps 
power. The AN/APN-9 is a more 
recent version for airborne use. It 
employs a three-inch c -r tube and 
non-linear sweeps which make pos- 
sible a reduction in the number of 
tubes in the indicator circuit. It 
weighs 35 pounds and consumes 
about 175 watts, 400-2,400 cps. The 
method of matching the pulses dif- 
fers in detail, but not in principle, 
from that described here. 

Details of AN/APN-4 Receiver 

The receiver of the AN/APN-4 
(Fig. 4) is a wide -band super- 
heterodyne, employing three i -f 
stages. The 6SK7 r -f amplifier and 
6SA7 mixer -local oscillator are con- 
ventional, being tuned by a switch 
which selects four channels at 1,750, 
1,850, 1,900 and 1,950 kc. The 
three intermediate -frequency stages 
(type 6SK7 tubes) operate at 1,050 
kc, and have a bandwidth of approx- 
imately 60 kc at the 6 -db (voltage) 
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FIG. 5-Block diagram of the AN/APN-4 indicator. The 100-kc crystal timing 
source is converted by counter circuits to 25 or 331/2 cps rectangular waves which 

control the sweeps and pedestals 

level. This bandwidth is somewhat 
narrower than the spectrum of the 
transmitted pulse, but permits re- 
production of the pulse with the 
shape shown in Fig. 1G, with 40 - 
microsecond width at the half - 
amplitude points. A 6116 diode de- 
modulates the i -f signal and trans- 
mits the pulses to the 6SL7 video 
amplifier, which feeds the indicator. 

The cathode of the last i -f stage 
connects with the indicator from 
which is supplied a rectangular 
wave of voltage synchronous with 
the sweep traces. This rectangular 
wave passes through a cathode - 
follower stage and biases the last 
i -f stage on the negative half - 
cycles, thus reducing the gain of 
the receiver during the formation of 
one c -r trace, while allowing nor- 
mal gain during the formation of 
the other trace. The amplitude and 
polarity of the rectangular wave 
are controlled by the amplitude bal- 
ance control previously mentioned. 

Two high -voltage supplies are 
contained within the receiver hous- 
ing. One is a 2,600 -volt low -current 
supply for the cathode-ray acceler- 
ating electrodes, arranged in two 

sections of 1,300 volts each, above 
and below ground. The low -voltage 
power is supplied at 260 volts, ac- 
curately regulated. 

Details of AN/APN-4 Indicator 

The indicator circuits are illus- 
trated in the block diagram in Fig. 
5. The basic timing source is the 
100-kc quartz crystal oscillator. 
Across the crystal is a small vari- 
able capacitor which permits small 
adjustments of the crystal fre- 
quency. From this 100-kc source, 
the sweep traces at 25 pps or 331 
pps must be obtained together with 
the minor varations in these rates 
corresponding to the different spe- 
cific pulse rates of the station pairs. 
the derivation of the 25 or 331 
cps wave from the 100-kc source is 
accomplished by a series of fre- 
quency -divider circuits. A total fre- 
quency division by 4,000 (in seven 
steps of 5, 2, 5, 5, 4, 2, and 2) is 
required to derive the 25 -cps rate, 
and by 3,000 (5, 2, 5, 5, 3, 2, and 2) 
for the 331 cps rate. The first six 
divisions are performed by counter 
circuits, the last factor of 2 by an 
Eccles -Jordan scale -of -two circuit. 
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FIG. 6-First and second counter stages of the indicator, which divide the 100-kc 
input by 5 and 2, respectively, Four additional counters are used to introduce 
a total division of 4,000 for the 25 -cps sweep or 3.000 for the 331/2 cps sweep 

Two of the six counter circuits 
are shown in Fig. 6. The 100-kc 
output from the crystal, having 
passed through a limiter amplifier, 
is fed to a 6H6 double diode so 
connected that it passes negative 
pulses to ground while passing posi- 
tive pulses to a capacitor, and the 
voltage across it thereby increases 
in steps. When five such steps have 
been accumulated, the voltage 
across the capacitor has reached a 
sufficient level to trigger the follow- 
ing circuit, a 6SN7 blocking oscil- 
lator. 

The blocking oscillator generates 
one pulse and discharges the capaci- 
tor in the process, which thereupon 
accumulates five more pulses from 

the 100-kc source and triggers off 
the blocking oscillator once more. 
Thus the blocking oscillator reacts 
once for each five input pulses and 
the frequency is divided by five. 

The output of the blocking oscil- 
lator is applied to another double 
diode which, like the first, passes 
the positive pulses to a capacitor 
which charges tò the level of two 
steps and thereupon triggers off a 
succeeding blocking oscillator (bi- 
ased to respond to two steps). In 
all, six double diodes and six block- 
ing oscillators are used in sequence 
to introduce the divisions previously 
enumerated. 

The functions of the Eccles - 
Jordan circuit are numerous. First, 

24µuF 

5,000 

1E 

20,000 pSEC 

FROM 50 CPS 
COUNTER 

FIG. 7--Eccles-Jordan rectangular -wave generator which divides by a factor 
of 2 and provides rectangular waves at 25 or 331''3 cps for controlling the sweeps 

and pedestals 

the rectangular output constitutes 
the wave, previously mentioned, 
which provides differential gain con- 
trol of the receiver during the 
formation of the two traces. The 
same wave, applied through a 6SL7 
"trace separation" stage to the ver- 
tical deflection plates of the c -r 
tube, causes the slave trace to be 
displaced vertically from the master 
trace. Finally, the Eccles -Jordan 
wave, after passage through appro- 
priate delay circuits, controls the 
formation of the master and slave 
pedestals, as outlined below. 

Eccles -Jordan Circuit 

The Eccles -Jordan circuit (Fig. 
7) is similar to a conventional 
multivibratdr, except that the grids 
and plates of the two triode sections 
are interconnected by conductive 
coupling. The circuit does not relax 
in the usual fashion of a multi. 
vibrator, but has two conditions of 
stable equilibrium. The circuit 
remains in equilibrium until the 
synchronizing pulse is received, 
causing the two triodes to exchange 
polarities suddenly. The circuit 
remains in this condition until 
another pulse causes a reversal to 
the original condition. The sync 
pulses, as they arrive from the last 
counter, display negative as well 
as positive polarity. These pulses 
are passed through a 6SN7 con- 
nected as a diode, which removes 
the negative pulses and passes the 
positive pulses to the Eccles -Jordan 
circuit. 

Other Functions of Counter Circuits 

Several additional functions of 
the counter circuits must be 
described. First, the counter 
circuits supply the calibration 
marker pulses. The 10-wsec mark- 
ers are derived from the 100-kc 
source directly, the 50-wsec pulses 
from the first counter output (20 
kc), 500-wsec markers from the 
third counter (2 kc), and 2,500-wsec 
markers from the fourth counter 
(400 cps). These markers, in 
proper relative amplitudes, are com- 
bined in a mixer stage and applied 
to the vertical deflection plates of 
the c -r tube. 
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The AN APN-9 airborne receiver -indicator. 
The use of a 3 -inch tube and nonlinear 
sweeps reduces size and weight to a single 

unit weighing about 35 pounds 

The slight variations in the basic 
pulse rate ( amounting to multiples 
of 0.25 percent of the pulse rate) 
are introduced by a feedback con- 
nection from the last Counter stage 
to the input of the second counter 
stage. Additional voltage is 
thereby supplied to the steps of 
voltage accumulating at the input 
of the second counter, causing the 
second counter to fire ahead of the 
normal time by a slight amount. 
This produces a corresponding 
small increase in the final fre- 
quency. The amount of voltage 
fed back is controlled by a switch, 
in eight discrete levels. The cor- 
responding sweep rates are 25, 
25*, 2516 and so on to 25Y's 

sweeps per second, and similar 
values for the 3U rates. 

Finally, the counter stages are 
used to synchronize the pedestal 
delay circuits so that the master 
pedestal always occurs at a given 
500 -microsecond marker and the 
coarse delay control moves the slave 
pedestal in 500 -microsecond jumps. 

Pedestal Circuits 

The pedestal delay is introduced 
by a 6SN7 multivibrator circuit 
triggered off by the leading edge of 
the Eccles -Jordan output square 
wave. After a delay determined by 
its relaxation time, the multi - 

vibrator generates a pulse which in 
turn controls the formation of the 
slave B pedestal. By adjusting the 
resistance component of the multi - 
vibrator time constant, the delay 
thereby introduced may be varied 
from 20,000 to approximately 32,000 
microseconds. The corresponding 
positions of the slave pedestal are 
directly below the master pedestal 
and some 12,000 microseconds to 
the right. This range covers the 
values of time difference to be meas- 
ured between the incoming pulses. 

A similar fixed -delay multivibra- 
tor causes the master (A) pedestal 
to appear in a fixed position shortly 
after the beginning of the master 
trace. The output waves of the A 
and B delay multivibrators are com- 
bined in a mixer and applied to the 
pedestal generator which produces 
short (150-wsec) square waves. On 
the slow sweep (Fig. lA through 
1C) these waves are combined with 
the traces to form the pedestals. 
On the fast sweeps (Fig. 1D 

through 1G and Fig. 2), the leading 
edges of the pedestals are used to 
trigger the sweep generator. 

The sweep generator itself (Fig. 
8) develops a linear sweep voltage 
by charging a capacitor across a 
constant -current series pentode, 
synchronously with the sweep con- 
trol voltage (Eccles -Jordan output 
for slow sweep, pedestal generator 
output for fast sweeps). The saw - 
tooth deflecting wave is passed 
through a 6SN7 paraphase amplifier 
which develops two symmetrical 
sweep voltages of opposite polarity, 
which are applied to the respective 
horizontal deflection plates. The 
cathode-ray tube circuits are in the 
main conventional. 

In the concluding article of this 
series, the shore -station equipment, 
including transmitter and radiating 
system, timer and synchronizer, will 
be described.-D.G.F. 

REFERENCE 

(11 The Loran System. Part I. ELEC- 
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Loran Transmitting 
Stations 

Circuits and operating functions of the transmitter, timer, and synchronizer, which generate 

the synchronous pulses of the system, are described in this concluding article on Loran 

IN the first article of this series, 
it was pointed out that the Loran 

transmitting station produces a 

series of accurately spaced pulses 
which are rigidly synchronized with 
the pulses from another station. In 

this article the equipment which gen- 
erates, times and synchronizes the 
pulses is described. The functions 
performed by this equipment are: 
(1) to generate and broadcast 40 - 

microsecond pulses of r -f at 1,700 to 

2,000 kc and at a peak power level of 
from 75 to 150 kw; (2) to repeat the 
pulses at 25 or 33 pps so precisely 
that the accumulated error in tim- 
ing the pulses does not amount to 
more than a microsecond over a 

period of several minutes; and (3) 
to synchronize the timing of the 
pulse sequence with that of a similar. 
sequence to an accuracy of one micro- 
second. These rather formidable re- 
quirements are met by three basic 
units known as the transmitter, the 
timer and the synchronizer. 

The layout of a Loran transmit- 
ting station comprises a vertically - 
polarized non -directional transmit- 
ting radiator, and a similar (usually 
directional) receiving antenna, ap- 
propriate radial -conductor ground 
systems for each, and buildings 
which house the equipment and the 
primary power supply. The trans- 
mitting and timing equipment are 
provided in duplicate to permit un- 
interrupted 24 -hour service. 

The pulses from the distant sta- 

elec#ronics 
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Front view of the transmitter, consisting of r -f unit and modulator; exciter, 

control circuits and power supply (right) 

tion, to which the transmitter is to 

be synchronized, are fed to a shielded 
room within the transmitting build- 
ing, a precaution to insure that the 
local transmitted signal does not 
block the receiver. The received 
("remote") signal is delayed and 
thereafter displayed on a cathode- 
ray indicator. The transmitted 
("local") signal, properly attenuated, 
is displayed on the same screen, and 
the phase of the transmitted keying 
system is adjusted until the remote 
and local signals appear superim- 
posed on the indicator. As originally 
set up, this synchronized relation- 
ship was maintained by manual ad- 
justment of the local pulse rate; 
later automatic synchronizing equip- 
ment was developed which performs 
this function without human aid, and 

which warns the operator by ringing 
a buzzer if the synchronization fails. 
The primary power source is 60 -cps 
115 -volt single phase, derived from 
utility lines when available, or gen- 
erated by gasoline -driven power 
units. 

The Transmitter 

The transmitter proper is a self- 
excited tuned -grid tuned -plate push- 
pull oscillator, pulse modulated in the 
cathode circuit. The modulator is 
driven by two exciters which derive 
their timing from respective timers. 
Two exciters are necessary because 
certain Loran stations are required 
to generate two sequences of pulses 
simultaneously, at slightly different 
rates. This is the case when a double 
master station (defined in Part I of 
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FIG. 1-Block diagram of the Loran transmitter. The modulator can be driven by two 
sets of pulses simultaneously, thus permitting synchronization with two adjacent 

stations 

this series) is paired with two slave 
stations, the two pairs operating at 
different pulse rates. Occasionally 
the slave stations are operated with 
two rates. 

The transmitter must be so de- 
signed that there is a minimum of 
interaction between the two sequen- 
ces. An important interaction oc- 
curs due to the beating effect be- 
tween the two rates. Suppose, for 
example, that one rate is 25 pps and 
the other 255 pps. The two pulses 
occur simultaneously at some instant 
and thereafter are separated in time 
until 400 (16 x 25) pulses have passed 
(16 seconds later) when they again 
coincide. Since this interaction oc- 
curs on only one pulse in 400 no seri- 
ous consequence arises. 

Pulse -forming Circuits 

The block diagram of the Loran 
transmitter is shown in Fig. 1. The 
trigger input fed to the transmitter 
from the timer enters the exciter 
unit, the simplified schematic of 
which is shown in Fig. 2. The trig- 
ger has a sharp leading edge and 
an exponential decay. The trigger 
voltage is first increased by passage 

110 

through a pulse transformer and 
then drives a gas tetrode (type 2050) 
through a diode which inhibits gas - 
ion bombardment. In the plate cir- 
cuit of the gas tetrode is a 40 -milli- 
henry inductor and an 0.008 µf 
capacitor. This series -resonant cir- 

cuit is shocked into oscillation by the 
pulse and produ.ees a positive half - 
sine wave between the gas-tetrode 
plate and ground. The duration of 
this half sine wave is about 40 micro- 
seconds at half amplitude. This is 
the basic pulse width of the trans- 
mitter output; it can be adjusted by 
changing the L and C values. The 
negative half of the sine wave is not 
formed since the gas tetrode is by 
that time cut off. The positive wave 
thus formed is passed to the grids of 
a double beam tetrode (type 829A) 
which are normally biased well below 
cutoff. The beam tubes are connected 
in a cathode -coupled circuit known 
as a "bootstrap" circuit. This cir- 
cuit resembles a cathode follower 
except that the grid circuit is re- 
turned to the cathode rather than to 
ground. Hence the output voltage 
developed across the cathode resis- 
tor is not fed back to the grid, there 
is no degeneration, and the circuit 
has normal gain. The tube and all 
connected elements, including the 
grid driving circuit, rise in potential 
during the pulse, which appears in 
positive polarity across the beam - 
tube cathode resistor. The boot- 
strap circuit has the advantage of 
operating with zero plate current 
between pulses but at the same time 
delivering positive output pulses 
which permit the following modula- 
tor tube likewise to be cut off be- 
tween pulses. The half sine -wave 
pulse is distorted to more nearly 

FIG. 2-Schematic diagram of the exciter unit, which produces 40 -microsecond pulses 
to drive the modulator. The type 829A tube is connected as a "bootstrap" cathode - 

coupled stage which does not reverse polarity 
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rectangular shape in passing through 
the beam tubes, but retains its width 
at about 40 microseconds. 

The output pulse of the exciter is 

then mixed with a similar pulse 
sequence produced by the other ex- 

citer at the other pulse rate. The two 
pulse sequences are combined in two 

diodes as shown in the simplified 
schematic of the modulator (Fig. 3). 
The diodes permit passage of each 
pulse sequence to the modulator grid 
but prohibit passage of the pulse 
sequence from one exciter output to 

the other. 

Modulator-Keyer 

The modulator proper is a beam 
power tube (type 715A) capable of 

operation with very high voltage on 

its plate (up to 5 kv). The grid of 

the modulator is biased well beyond 
cutoff and hence the modulator does 
not normally conduct. When a pulse 
is delivered to it through the mixer 
from either exciter, the modulator 
is driven to full conduction, acting 
as a virtual short-circuit between the 
r -f oscillator cathode and ground. 
The cathode bias is thereby removed 
from the oscillator and oscillations 

FIG. 3-The modulator, connected in the 
cathode circuit of the oscillator. Two ex- 

citer outputs are combined in a diode 
mixer and drive the 715A beam tube 
which shorts the oscillator cathode to 

ground 

begin, reaching full amplitude in 
about 20 cycles of the carrier. Forty 
microseconds later, at the conclusion 
of the modulator pulse, the modula- 
tor is cut off. 

The cessation of modulator cur- 
rent reintroduces the cathode bias of 
the oscillator and shuts off the oscil- 
lations. To aid in this action, a 40 - 

millihenry inductor shunted by 2,800 
ohms resistance, is included in the 
modulator circuit between modulator 
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FIG. 4-Simplified schematic of the push-pull oscillator. This self-excited unit produces 

peak power of 75 to 150 kw 

plate and ground. During the pulse, 
a current builds up in this inductor, 
flowing through the modulator. When 
the modulator is shut off at the end 
of the pulse, the current in the in- 
ductor cannot be shut off instantane- 
ously so a high voltage is induced 
across its terminals. The polarity 
of this induced voltage is such as 
to make the modulator plate more 
positive, and this is the proper polar- 
ity to drive the oscillator cathodes, 
connected to the modulator plate, to 
cutoff. Hence the inductor serves the 
impress a higher than normal 
cathode bias on the oscillator at the 
conclusion of the pulse and the r -f 
oscillations are thereby abruptly 
terminated. 

R -F Generator 

The oscillator itself (Fig. 4) is 

remarkable in the fact that a self- 
excited oscillator can be made to have 
high stability, not only in frequency 
but also in the starting phase of the 
r -f cycles at the beginning of each 
pulse. This stability is achieved by 

careful elimination of incipient para- 
sitic oscillations, good electrical 
symmetry between the two halves of 
the oscillator, and the absence of ex- 

cessive heating. The oscillator tubes 
(type 98-R) are air-cooled external - 
anode tubes rated at 1,000 watts 
average plate dissipation. The actual 
average power fed to these tubes is 
from 150 to 300 watts, of which less 
than 100 watts is plate dissipation. 

The duty cycle of the system, when 
double pulse sequences are carried, 
is two 40 -microsecond pulses every 
40,000 microseconds (at 25 pps), or 
about 0.2 percent. When 100 kw 
peak power output is delivered 
at 60 percent efficiency, the peak 
input power is 133 kw, and the 
average input power is 133 x 0.002 =- 

0.26 kw. The oscillator tubes are 
considerably oversize from the plate 
dissipation standpoint, but not when 
the peak power requirements are 
considered. The 98-R tubes have 
thoriated filaments which can deliver 
10 amperes peak emission current, 
and which can be operated with up 

III 
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to 25 kv on the plates. Normal oper- 
ating plate potential is about 17.5 kv, 
derived from a bridge rectifier (four 
type 8020 diodes). 

Circuitwise the oscillator is a con- 
ventional tuned -grid tuned -plate ar- 
rangement, the grid circuit assum- 
ing control of the frequency. Posi- 
tive bias is applied to the grids to 
assure rapid starting at the begin- 
ning of each pulse. Coarse adjust- 
ment of frequency is introduced by 
taps on the grid and plate coils, fine 
adjustment by rotating a shorted 
turn within each coil. Figure 5 
shows the construction of the trans- 
mitter and its components. 

The Timer 

The timer is the central feature of 
the Loran station, since it establishes 
the pulse rate and maintains the 
pulse intervals on which the opera- 
tion of the system is based. Essen- 
tially the timer is a 50-kc quartz - 
crystal clock of the highest attain- 
able accuracy, with auxiliary divider 
circuits which generate the trigger 
pulses at 25 or 33A pps. The fre- 
quency of the quartz -crystal clock is 
adjustable over a limited range and 
this adjustment is employed to keep 
the transmitted pulses precisely in 
synchronism with Loran signals re- 
ceived from the other station of the 
Loran pair. The local and remote 
signals are received over the same 
channel and presented on the same 
indicators, in a manner similar to 
that of the Loran receiver (see part 
II of this series). The quartz -crystal 
oscillator frequency divider and 
selector circuits, receiver and indica- 
tors are contained within the timer 
assembly, as shown in Figs. 6 and 7. 
External to the timer, but closely as- 
sociated with it functionally, are the 
local signal attentuator, the auto- 
matic synchronizer and switching 
gear for interchanging duplicate 
equipment in case of failure. 

Time -Frequency Standard 

Figure 8 shows the block diagram 
of the timer and related equipment. 
The action of the timer, and of the 
entire system for that matter, starts 
with the 50-kc quartz -crystal oscil- 
lator. The quartz bar is designed to 
have the most stable frequency pos- 
sible and is carefully mounted and 
temperature controlled. The operat- 
ing specifications require an accum- 

ulated timing error less than 1 micro- 
second over a period of 3 minutes 
and the design specifications are con- 
siderably more stringent than this. 
One microsecond stability is attained 
for periods as long as 20 minutes, 
which corresponds to a frequency sta- 
bility of 1 part in 10". If this error 
were maintained for a period of 30 
years, the accumulated error of this 
clock would amount to less than a 
second. The Meacham bridge circuit, 
used in the oscillator, provides the 
requisite high stability. 

The oscillator output in sinusoidal 
form is split into four phases and 
passed through a capacitive phase 

FIG. 5-Rear view of Loran transmitter 
showing two exciter units (top) and 25 -kv 

bridge rectifier (bottom) 

shifter. Rotation of the phase shifter 
dial adds or subtracts any desired 
fraction or whole number of cycles to 
the oscillator output thus shifting 
the time of occurrence of the output 
trigger pulses. Attached to the 
phase -shifter shaft is, in addition, an 
auxiliary frequency control which 
changes the constants of the oscilla- 
tor circuit by a small amount in a 
direction to reduce the required 
amount of phase shift. Thus as 
the operator adjusts the phase 
shifter to keep the remote and 
local pulses in synchronism, he 
automatically corrects the oscillator 
frequency to bring the pulse rates, as 

well as the phases, into synchronism. 
After a few adjustments of this 
type (which may be likened to the 
"aided -tracking" mechanism in gun- 
fire control radars) the synchronous 
position is reached, and the only ad- 
justment required thereafter is that 
to correct for the minute casual vari- 
ations in the crystal frequency. 

Frequency Dividers 

Returning to the block diagram 
(Fig. 8), the phase shifted oscilla- 

tor output is passed to a frequency 
doubler and blocking oscillator which 
produces sharp pulses at 100 kc, i.e. 
at 10 microseeond separation. These 
pulses are used as markers on the 
indicator screens and also to drive 
the ensuing frequency -divider chain. 
This chain consists of six counter 
circuits, dividing by factors of 5, 2, 
5, 2, 5 and 4 respectively to achieve a 
frequency of 50 cps. For operation 
at 33A cps, the last counter divides by 
3, producing an output frequency of 
66 cps. 

At intervals along the divider 
chain, as shown, 100 and 1,000 -mi- 
crosecond marker pulses are led off, 
mixed and applied to the vertical de- 
flection plates of the indicators. 
These markers are also used to syn- 
chronize the delay circuits as herein- 
after described. 

Each divider circuit is a combina- 
tion of a blocking oscillator and two 
diodes, through which a capacitor is 
charged in steps until its voltage 
reaches a sufficient level to trigger 
the following blocking oscillator. A 
detailed description of the counter 
circuit is contained in part II of this 
series. 

The output of the divider chain 
is fed to a square -wave generator 
(Eccles -Jordan circuit) which intro- 
duces the final division by a factor of 
2 and produces two rectangular 
waves of opposite polarity at 25 or 
33? pps. These are the basic pulse 
rates of the system. Feedback is pro- 
vided, as in the Loran receiver -indi- 
cator, to introduce slight variations 
in the basic pulse rates (in steps of 
ir cps at 25 cps). 

Master -Slave Operation 

The leading edges of the rectangu- 
lar waves are used to coordinate the 
remaining functions of the timer. 
Before describing these functions, a 
distinction must be made between 
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FIG. 6-Model C-1 Loran timer, which synchronizes the signals 
with the adjacent station 

operation of the timer in a master 
station and in a slave station. In a 
master station (type A operation), 
the timer is adjusted initially to have 
a value within a few thousands of a 
percent of the correct value and then 
thereafter operates without adjust- 
ment. In the slave station (type B 

operation) the time of occurrence of 
the slave pulses is adjusted from 
time to time to maintain the proper 
relationship with the master pulses. 

The same timer equipment is used 
in either case, but the manner of con- 
nection and operation differs. The 
primary difference arises in the se- 
quence of the master and slave pulses. 
In the slave station the master pulse 
arrives, and after a delay of approxi- 
mately 1,000 microseconds the slave 
pulse is transmitted. In the master 
station, on the other hand, the 
master pulse is transmitted at will 
and the slave pulse is received after 
1,000 microseconds plus twice the 
time required for the pulse to trav- 
erse the distance between master 
and slave stations. Evidently differ- 
ent delays are required in the two 
cases to bring the master and slave 

FIG. 7-Bear view of timer. Balsa -wood box at center of unit at 
left houses 50-kc quartz bar which maintains frequency constant 

pulses into coincidence on the indi- 
cator screen. 

Consider, first, operation in a slave 
station, and refer to Fig. 8. As 
shown at the right in the diagram, 
the remote signal (from the master 
or "A" station) arrives at the receiv- 
ing antenna, is passed through a 
coupling unit and through an attenu- 
ator (which is inactive when the 
remote signal arrives and hence in- 
troduces no attenuation) and thence 
to a superheterodyne receiver. This 
receiver is similar in all essential re- 
spects to the receiver of the Loran 
receiving equipment used by the nav- 
igator. The remote signal after de- 
tection and amplification by the 
receiver is passed to a mixer ampli- 
fier where the marker pulses from 
the divider chain are mixed with it. 
The combined signal is applied to the 
vertical deflection plates of the two 
indicator tubes. Thus the remote 
signal is presented to the operator. 

Local Signal Attenuation 

After a delay introduced by the 
timer, the trigger signal is passed 
from the timer to the transmitter. 

which thereupon emits the slave 
pulse. This pulse is very strong and 
would tend to block the receiver were 
it not for several precautions. In the 
receiving coupling unit, two gas 
tubes (type VR -105) are inserted 
which break down during the trans- 
mission of the local pulse and thus 
prevent more than a few volts being 
impressed on the receiver transmis- 
sion line. Moreover, the attenuator 
previously mentioned is active dur- 
ing the reception of the local pulse 
and further attenuates the signal 
(down to a few microvolts ampli- 
tude). This attenuator consists of 
two mutually isolated amplifier stages 
(type 6AC7) whose grids are biased 
beyond cutoff during the transmis- 
sion of the local pulse, by a rectangu- 
lar wave derived from the selector 
circuits of the timer. Careful shield- 
ing and arrangement of circuits are 
required to minimize unwanted 
pickup of the local signal from unde- 
sired sources. Installation of the 
timer and attentuator equipment in 
a shielded room is standard practice. 

The local signal must be viewed on 
the indicator for matching with the 

ELECTRONICS - Morcl, 1946 tll3 

www.americanradiohistory.com



remote signal. For this purpose, the 
local signal is picked up directly at 
the transmitting antenna coupling 
unit, passed through a network which 
introduces a known delay and thence 
to the receiver. By this means both 
remote and local signals are caused 
to suffer the same delay between pick- 
up antenna and indicator deflection 
plates. The amount of pick-up from 
the local antenna is adjusted by a 
potentiometer at the input to the 
receiver, so that both local and re- 
mote signals have the same ampli- 
tude on the indicator screen. If either 
the local or distant signals should 
change amplitude for any reason, ad- 
justment of this potentiometer will 
equalize the signal amplitudes. 

Selector Circuits 

The remaining function of the 
timer equipment is the generation of 
the trigger pulses which drive the 
transmitter. This is accomplished in 
selector circuits, two groups of 
which are provided; one for the slave 
pulse (B selector) the other for the 
master pulse (A selector). The ini- 
tial circuit of each selector is a 
delay multivibrator, actuated by the 
rectangular -wave output of the Ec- 

des-Jordan circuit. After a delay de- 
termined by the constants of this 
multivibrator, a gate pulse, less than 
1,000 microseconds long, is formed 
and mixed with the 1,000 -microsec- 
ond markers from the fourth divider. 
In this manner a particular 1,000 - 
microsecond marker is selected from 
the sequence. This pulse is passed on 
to another delay multivibrator ("fine 
delay") which reacts after an adjust- 
able time and selects a particular 
50 -microsecond pulse from the se- 
quence generated by the second di- 
vider. In the case of the A selector, 
this latter pulse is used, after suit- 
able shaping and amplification, to 
form the output trigger which drives 
the transmitter. In the case of the B 
selector, the pulse is passed through 
an additional delay multivibrator 
which permits a continuous adjust- 
ment within any selected .50 -micro- 
second interval. Thereafter the de- 
layed pulse is used as the trigger. 
As shown in the diagram, a two-way 
link is provided which connects the 
trigger circuit to the A selector when 
the timer is used in a master station, 
or to the B selector when used in a 
slave station. 

The output of the selector circuits 

is thus seen to depend on the mark- 
ers for the precision of timing rather 
than on the constants of the delay 
multivibrators. Since the markers 
are directly generated from the sta- 
ble quartz -crystal oscillator, rigid 
synchronization at the desired rate 
and interval is assured. 

Another two-way link is provided 
between the selector circuits and the 
attenuator previously mentioned. 
The attenuator is driven by the A 
selector (which initiates a 1,800 -mi- 
crosecond wave to bias the attenuat- 
ing amplifier) in the case of master 
operation, or by the B selector for 
slave operation. 

Indicator Oscilloscopes 

The indicators are similar in func- 
tion to the receiver indicators de- 
scribed in Part II of this series. Two 
indicators are used so that the slow 
sweeps (showing the full repetition 
interval of the system) and the fast 
sweep (showing the expanded pulses 
superimposed) may be monitored si- 
multaneously. The slow sweep is 
driven by the output of the Eccles - 
Jordan circuit at 50 (or 66i) pps, 
and a trace separation voltage is im- 
posed from the same source in the 
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FIG. 8-Block diagram of timing unit. This equipment performs functions similar to the Loran receiver 
indicator but with greater precision and stability. Two indicators show slow and fast sweeps simultaneously 

March 1946 - ELECTRONICS 

www.americanradiohistory.com



vertical dimension. Thus two parallel 
traces, each 20,000 (or 15,000) mi- 
croseconds long, are formed with ped- 
estals, markers and received signals 
superimposed on them. The pedestals 
are formed by the output triggers of 
the A and B selectors, and the time 
difference between the pedestals is 
determined by the settings of the 
coarse and fine delay controls in the 
selectors. 

Operation as a Master 

In the case of master station 
operation, the A pedestal is placed at 
a convenient position to the left of 
the top trace, and the B pedestal to 
the right on the lower trace by an 
amount equal to the slave station de- 
lay (usually 950 or 1,000 microsec- 
onds) plus twice the time of traverse 
between master and slave stations. 
Since the same trigger forms the A 
pedestal and the local (master) pulse, 
the master pulse appears at the be- 
ginning of the master pedestal. When 
the remote slave station is maintain- 
ing proper sync, the slave pulse ap- 
pears at the beginning of the slave 
pedestal. Adjustment of the contin- 
uous delay in the B selector permits 
placing the two pulses directly one 
under the other on the expanded 
(fast) sweep. The operator of the 
master station is thus enabled to 
monitor the synchronization per- 
formed by the slave station and to 
give warning if the synchronization 
fails. In this way, two checks are 
provided on the synchronization (in 
addition to monitor stations set up 
for the purpose). 

Operation as a Slave 

When the timer is used in a slave 
station, the two-way links are con- 
nected in the B positions, and the 
local (slave) transmitter is trig- 
gered by the B selector, so the slave 
pulse must appear at the beginning 
of the slave pedestal. The remote 
master pulse appears to the left on the 
master pedestal by an amount de- 
termined by the settings of the A 
selector. This amount is set at a 
particular value (950 or 1,000 micro- 
seconds), known as the slave station 
delay. Provision is made for chang- 
ing this delay in accordance with a 
prearranged code, for use in wartime 
to confuse the enemy should he at- 
t'mpt to use the transmissions. 

The slave station operator views 
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FIG. 9-Block diagram of the automatic 
synchronizer which keeps slave and mas- 
ter pulses in step without manual control 

master and slave pulses on the fast 
sweep and adjusts the oscillator 
phase shifter as required to keep the 
two pulses superimposed. In this 
manner the slave station is triggered 
in rigid synchronization with the re- 
ception of the remote master pulses. 

Automatic synchronization 

A device which performs slave sta- 
tion synchronization automatically 
has been introduced to relieve the 
burden of manual operation of the 
slave timer. This device, known as 
the synchronizer, is used normally 
only for type B operation. The block 
diagram of the synchronizer is shown 
in Fig. 9. The synchronizer com- 
pares the time of occurence of the 
remote (master) signal with that of 
the remote (A) pedestal in the timer. 
The comparison is carried out in a 
so-called coincidence mixer, an am- 
plifier fed from two sources. To the 
control grid of this amplifier the re- 
mote signal is fed directly from the 
receiver. The cathode of the same 
tube receives a narrow rectangular 
wave, about 5 microseconds long, 
which is derived from the A selector 
of the timer. The pulse which forms 
the A pedestal in the timer is passed 
through a synchronizer delay multi - 
vibrator which introduces a delay 
equal to the cumulative delay experi- 
enced by the local signal. The delay 
pulse generates the gate pulse. 

Coincidence Mixer 

The coincidence mixer with remote 
signal and gate applied to grid and 
cathode respectively, passes plate 
current only when both signals are 
present simultaneously, and the mag- 

nitude of the current passed depends 
on the time relationship between 
them, increasing as the gate more 
nearly approaches the center of the 
remote pulse. 

Differential Amplifier and Alarm 

The output of the coincidence 
mixer thus consists of pulses, the 
peak value of which depends on the 
degree of coincidence between re- 
mote signal and the pedestal on 
which it is displayed. These pulses 
are passed through a diode detector 
and charge a capacitor to the peak 
value of the pulses. The voltage 
across the capacitor is thus a meas- 
ure of the degree of synchronization. 
The capacitor voltage is compared 
with a steady reference voltage in a 

differential amplifier which develops 
an output proportional to the differ- 
ence between them. If this difference 
voltage exceeds a certain limit it 
actuates a relay and a warning 
buzzer operates, indicating depart- 
ure from the established limits of 
synchronization (plus or minus one 
microsecond) . 

Time -Frequency Corrector 

Variation in the difference volt- 
age actuates a balanced phase cor- 
rector, consisting of two tubes fed 
voltage from the 50-kc oscillator in 
the timer. The latter voltage is split 
into two phases, 180 degrees apart, 
which are fed to the control grids 
of the phase corrector tubes. The 
screen grids of the same tubes re- 
ceive the difference voltage from the 
differential amplifier. Consequently 
the voltage appearing across the com- 
mon plate connection of the two tubes 
and ground, shifts in phase as the 
difference voltage varies. This 50-kc 
signal, with phase shifting in accord- 
ance with the relative displacement 
of the remote signal and the gate 
signal, is fed back to the 50-kc oscil- 
lator in such polarity that it "pulls" 
the oscillator frequency in the proper 
direction to overcome the departure 
from synchronization. 

Readers interested in more com- 
plete descriptions of Loran equip-. 
ment will be interested to know that 
the Radiation Laboratory is prepar- 
ing a book on the Loran System 
which will be issued as one of the 28 
volumes in the Radiation Laboratory 
Technical Series, to be published in 
1946.-D.G.F. 
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