
the waveforms developed by the twelfth counter are used for sev­
the outputs of the twelfth counter are fed to the grids 

followers in order that the twelfth counter is not loaded heavily 
external circuits. Figure 12 shows the cat..'lode follower tube, Vl25 

the circuits which use the twelfth counter wavefonns supplied 
. cathodes of Vl25. Tile output of cathode follower, Vl25A, is fed to: 

The twelfth counter amplifier, Vl27A, which develops the 
trace separation voltage which is applied to the vertical 
plates of the CRT. 

The amplitude balance circuit (Vl26) which provides an 
independent gain control of the receiver top trace with 
respect to the bottom trace. 

The third delay coincidence amplifier, Vll9B, which 
gates the variable delay (slave) pedestal so that it 
occurs only during bottom trace time. 

output from Section B of Vl25 is fed tOI 

The master pedestal delay gate tube, Vl46, where it 
is used to develop the master pedestal trigger. 

The amplitude balance circuit. 

circuits usine these waveforms will be described in succeed-

1 TRACE SEPARATION cmcUIT 

",,;J.Jllce the t~relfth counter is not controlled by the reset pulse, the out­
the loft plate could produce either a positive or negative wave when 

reset trigger (shO'.m in Line B of Figure l2) arrives. It re~ 
"",·~.t ••• .,. which is produced first, since a positive waveform from pin 3 
will always produce the master trace, and a negative waveform will 

produce the slave portion of the sweep. This can be seen with the help 
l2 and the eomplete Indicator schematic, Drawing Jl26. Suppose the 
cathode follower, Vl25A is as shown on Line C; that is, a positive 

15,000 microseconds duration followed by a negative wave of 15,000 
5~~:~S duration, etc. This waveform is fed to Vl27A which amplifies 
II this waveform. Thus, the positive portion has become negative 

negative portion positive. This inverted output from the plate of 
is fed directly to the bottom vertical plate of the cathode ray tube. 
this plate more negative results in the beam bein15 deflected upward 

produces the top, or master trace. When the positive waveform 
the beam is deflected toward the plate (downward) to produce the 

or slave trace. 
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17.13 MASTER PEDESTAL TRIGGER 

As described earlier, the master pedestal is stationary and is dis­

placed from the left side, or start, of the top sweep a fixed amount for 

convenience in viewing. Since the top sweep is started by a reset pulse, 

the master pedestal trigger is del~ed from this point 1600 microseconds 

by combining outputs from the tlth and 12th counters in a manner which can 

be understood with the aid of Figure 13. 

The output of the right plate of the tlth counter is shown in Line B 

of Figure 13. This output consists of negative and positive square ,.,., ... R, 

each 1600 microseconds wide. At reset, of course, the right plate is 

to conduct and, therefore, the first 1/2 cycle of the waveform after 

will be negative for 1600 microseconds and then it will go positive for 

next 1600 microseconds, etc. This output is fed to the grid of a cath.:xIe 

f01lower, VJ28A in order that this output may be used without undue 

ing of the tlth counter stage. This output appears on the cathode un.~hant 

but the square wave is differentiated by small capacitor C160 and re,n"", 

R238 to produce the series of pips shown in Line C. (A differentiating 

circuit produces a sharp, positive pip when a square wave goes pOSitive, 

and a sharp, negative pip when the square wave goes negative). Notice 

that the first positive differentiated pip comes 1600 microseconds 

reset and succeeding positive pips come every 3200 microseconds later. 

These differentiated pips shown in Line C are fed to the second half of 

tube VJ28. This tube, Vl28B, is held very nearl.y at cut off by the 

self-bias developed by the cathode resistor, R240. It thereby acts as 

clipper tube and prevents the negative pips, applied to the grid, from 

being amplified. The positive pips applied to the grid, however, are 

fied and inverted to form a series of negative pulses on the plate of 

tube. These are shown in Line D. From here, they are coup1ed to the 

of the master pedestal de~ gate, Vl46B. 

The output from the twelfth counter cathode follower, VJ25B ( 

D of Figure 12) is also shown as Line E of Figure 13. This =a"""f'" ... _ 

negative wave 15,000 microseconds long, followed by a positive 

equal length, is fed to the grid of the master pedestal delay gate, 

verted to produce the waveform shown on Line F of Figure 13. This 

forn is differentiated by C156 and R229 to form the waveform shown 

G. This output is then coupled through R230 to the grid of Vl46B 

combines with the pips from Vl28 (Line D) to produce the resulting 

form shown on Line H. 

Now the grid of Vl46B is returned to minus 105 volts through 

Therefore, this section of the tube is biased to cut off and will 

onl.y when the input signal. (Line H) is most positive. This tube 

as a clipper and all negative portions of the input wave are """'-1'1'" 
resultant output is shown as Line I of Figure 13. Onl.y the posi 

tions of input signal (Line H) nave been passed and inverted. 

This plate output, Line I, is coupled to the grid of the 

erator through a differentiating cireui t, C203 and R36l, 

trigger shown in Line J. This posi ti ve trigger, which occurs 

conds from the master reset pulse, is used to trigger the pe<iestal; 

to form the master pedestal.. 
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Notice that no trigger is developed during the period follOln.ng the 

reset pulse which generates the slave sweep since the waveform on the grid 

of Vl46B is extreme1y negative at this time and Vl46B can on1y conduct for 

posftive portions of the input signa1s. 

17.14 PEDESTAL GE~~TOR 

The generation of a master pedestal trigger delayed 1600 microseconds 

from the master reset trigger has been described, and in a later section 

development of a trigger by the delay circuits will be discussed. Both 

triggers are fed to the pedestal generator, V113, which develops from th"se 

triggers the master and slave pedestalS. 

The pedestal generator tube, VJ.43, is a starrlard one-shot, cathode­

coupled multivibrator circuit. This means that the multivibrator will 

one comp1ete cycle, or illp-fiop, for each input trigger. 

Section A of tube Vl43 is norma11y cut off because section B is con­

ducting heavi1y (grid returns to +B through R366) and develops enough 

bias across R364, the common cathode resistor, to keep section A cut off. 

However, when a positive input trigger appears at the grid of section A, 

section will conduct. The resultant c'rop in plate voltage of section A is 

then coupled through C204 to the grid of section B which tends to make 

B conduct l6ss. This, in turn, causes less cathode bias to be developed 

across the common cathode resistor, thus causing A to conduct still more 

heavi1y. This effect is cUlllUl.ative and almost instantaneous, and soon the 

A section is conducting heavi1y and B section is cut off. 

Section B will remain cut off until C204 recharges through R366 and 

R392 to +B. As soon as C204 becomes positive enough to overcome the bias 

produced by the drop in plate voltage of A, section B will conduct again, 

and in doing s~, will cut off section A and both sections will remain in 

this state until another positive trigger arrives at the grid of section 

Thus, the tube has made one complete cyc1e, and a vo1tage wavefonn is pro­

duced on each p1ate of the pedestal generator tube. The width of pedestal 

(i.e., the time section A conducts or ~le time section B is cut off) can 

varied from approximate1y tloo to 1600 microseconds by adjusting R)62, the 

PEDESTAL WIDTH potentiometer. Changing this control affects the amount of 

p1ate current drawn by section A. ThiS, in turn, changes the cathodp cur­

rent which affects the cut off time of the B section. 

In FUNCTION 3 the pedestal generator does not need to be verJ wide. 

Therefore, the grid return reSistance for the B section is reduced by 

ing out R392 by contacts 11 and 12 of S102C. Thus, the B section will 

conducting appraximate1y 200-250 microseconds after section A has been 

gering. 

Page 46 

The pedestal generator output is fed to: 

(1) Pedestal ampllfier, V127B, and then to vertical plates of CRT. 

(2) Sweep generator tube for FUNCTION 2 and 3 sweep. 
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(3) A.F.C. circuit where it is used as a gate. 

Notice that the output of the pedestal. ampl.:ifier tube, Vl.27B, is Ddxed 
across R374 with the output of the twelfth counter amplifier, Vl27A. This 
common po:lllt is isolated f'rom the pedestal. amplifier by R372 and f'rom Vl27A 
by R234. This mixed output is then fed to the vertical plates of the cathode 
r;q tube. 

In FUNCTION 2 the pedestal. amplifier output is removed from the m1.xing 
network and the output of the twelfth counter ampli.f'ier, Vl27A, establishes 
the vertical denection between the two CRT traces during the sweep time. 

AMPLITUDE BALANCE 

The amplitude balance and gain control circuit is unique :Ill that al­
though both these controls are direct coupled to the receiver by means of 
the same wire, independent operation of' either circuit is possible. This 
circuit will be explained with the aid of Figure 14. 

Both plates of tube Vl26 are returned to ground and the cathodes are 
tiad to -105 volts through a common cathode resistor. Thus all voltages in 
this circuit are negative with respect to ground. 

On each grid of the amplitude balance tube there is applied a square 
wave from the twelfth counter cathode f'ollower, Vl25. The grid of' section 
A (pin 2) receives the waveform shown in Line A of Figure 14, and the grid 
of section B (p:lll 7) receives the waveform shown on Line B. Notice that these 
wavef'orms are 180 degrees out of phase. i.e., when A is positive, B is nega­
tive. 

Three conditions of operation will now be discussed to illustrate the 
IICtion of this circuit. They are: 

(1) Balance control centered. (Both traces have same sensitivity;) 

(2) Balance control completely counterclockwise (top trace less 
sensitive than bottom trace). 

(3) Balance control completely clockwise (top trace more sensitive 
than bottom trace). 

(1) Balance control centered. In this case, the ann of the balance con­
trol is connected to the top of the gain potentiometer through the 
center tap on the balance potentiometer. For such a setting, each 
triode has exactly the same plate load resistance. With no inputs 
to the grids of these two sections, self bias is developed across 
the common cathode reSistor, R220, lihich biases each se.~tion to 
approximately cut off'. When the square waves shown on Lines A and 
B are applied to the grids, plate current will now only during the 
time the wave is positive, since only then will the bias, developed 
across R220, be overcane. Since the grid inputs B.'!"e 180 degrees out 
of' phase, sections A and B of the tube will conduct alternately, and 
because both sections of' the tube are symmetrical, a steady current 
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(2) 

(3) 

wiJ.l now through the cOl'EOn cathode and cOJr.J'llOn plate resistor (gain 
control) of the tubes. Thus, the voltage drop across resistor, 11218, 
is constant, and with the balance control in this center position, the 
output to the receiver tubes is a DC voltage, the value of which de­
peD6J on the setting of the gain control, R21d. The sensitivity of 
eacb Crace is the SaJOO and is adjusted by the gain control settine. 

Balance control counterclockwise. In this case, the arm of the bal-
ance control is connected to the plate of section A. Durine; the tiJ:1e 
the input waveform to the grid is negative, section A is cut off and 
no voltage is developed across the plate resistor, 11216. Therefore, 
the voltage on the plate (and hence, on the balance potentioJlleter 
arm) is that established by the voltage across the gain control (de­
veloped by the current thru B section during this time). How-ever, 
during the time the grid of section A is positive, the tube conducts 
and a voltage drop is developed across 11216. This drop is added to 
the voltage established by the drop across the GAIN potentiometer. 
It should be realized, however, that both sections of the tube, due 
to the alternate positive waves on the grids, are still produciDg an 
effective DC voltage to be developed across the gain resistor as described 
in the preceding paragraphs. 
Balance control clockwise. In this case, the balance arm is on the 
plate of section B, and the output is shown on Line E of Figure 14. 
The action in this case is exactly opposite to that described in the 
preceding paragraph; that is, during master trace time the bias fed 
to the receiver is clamped at the setting of the gain control (since 
plate of section B is cut off) and during the slave trace time the 
plate of section B conducts and the sensitivity of the receiver is 
reduced. 

MANUAL AND AUTOMATIC FREQUENCY CONTROL 

As previously explained, the repetition rate accuracy of the various 
sweep outputs is determined by the 80 kc c~stal controlled oscillator, Vl02A. 
When the repetition rate of the LR-8803 sweep is exactly equal to the repeti­
tion rate of the desired Loran signals, the signals and sweeps will be syn­
chronism, and the signals will be stationary on the screen. However, it is 
impossible to expect the LR-8803 c~stal to be exactly the value to give us 
perfect synchronism-with the received signals (due to tolerances on the re­
ceiver c~tal as well as transmitter tolerances) and therefore, signals to 
which the Loran set is switched, might drift very slowly across the screen. 
To allow the operator to readjust the Loran c~stal oscillator to correct 
for these slight differences in frequency, two means of frequency control 
are provided in the Loran indicator. They are: 

a) Manual. control of frequency (DRIFT). 

b) Automatic frequency control (AFC). 

In either case, DRIFT or AFC operation, changes of the c~stal oscillat.or 
are affected by the action of the reactance tube circuit, VlOl, and this cir­
cuit will now be described. 
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It is a well-known fact that the frequency of a crystal can be changed 

a small. amount by varying the capacity shunted across it. In the LB.-SI:lO) 

crystaJ. oscillator Circuit, the crystal is effectively shunted by a react­

ance tube, VlOl, which tends to change the resonant frequency of the crystal 

in the following manner. Since the reactance tube is connected across the 

crystal, the oscillator grid signal voltage thereby appears on the reactance 

tube plate. This plate voltage signal is fed back to the grid of the react­

ance tube by a pha91 shift network consisting of CIO) and RI02. The network 

shifts the phase of the tlO kc signal in such a manner that the signal voltage 

on the grid is almost 90 degrees ahead of the plate signal. Thus, the grid 

signal causes current changes in the reactance tube which will lead the plate 

voltage by almost 90 degrees. This means, in effect, that the tube is acting 

like a capacitor (i.e., the current through the tube leads the voltage across 

the tube). By varying the gam of the reactance tube the effective capacity 

in the plate circuit can also be changed. This capacity change across the 

crystal will change the oscillator frequency as indicated in the chart below. 

DC Grid Voltage 
Tube VlOl 

more negative 
less negative 

DC Reactance 
Tube Current 

decreases 
increases 

Capacity across 
Crystal 

decreases 
increases 

Crystal 
Frequency 

increases 
decreases 

In the DRIFT position, the frequency of the oscillator is decreased or 

increased by moving the DRIFT knob counterclockwise or clockwise, respect­

ively. 

Once signals have been properly positioned on top of the pedestals, 

the AFC circuit can be used to keep the signal stationary. Its operation 

will be described with the aid of Figure 15. It consists basically of a 

discriminator circuit where the pulse repetition rate of the signal is com­

pared with the sweep rate generated in the Loran indicator. A:rr:r difference 

between these rates results in a corrective voltage which is fed to the 

reactance tube grid in such a manner as to cause the crystal oscillator 

frequency (and hence, sweep rate) to equal the PRR of the received signal. 

Line A of Figure 15 shows the PRR reset pulses for the HO rate. Line 

B shows the master and slave pedestals, and in Line C the time scale is ex­

panded to shcm the shape of the master and slave pedestals. 

From the pedestal generator, Vl4), fue positive gate is fed to the 

differentiating circuit consisting of C162 and R24l which produces the out­

put shown in Line D. This differentiated output appears on the grid of the 

"A" multivibrator, Vl29. This tube is a "one-shot" multivibrator, and goes 

through one single cycle when triggered by a positive input pulse. (Notice 

similarity to pedestal generator.) The output pulse (pin 6) is 75 microse­

conds long, and is shown on Line E. Notice that the 75 microseconds out 

from the "A" multivibrator is IllUch narrower fuan the 1200-1600 microsecond 

pedestal generator output. In addition, a pulse of 0msite polarity appears 

on the other plate of the multivibrator, pin 1, and t4fi is shown on Line F. 

When this output is differentiated (by C16) and R244J a positive trigger will 

be fonned at the trailing edge of the "A" multivibrator output gate (Line E). 

This poSitive trigger causes fue "B" multivibrator, Vl)O, to complete a cycle 

producing the output shown in Line H. 
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To summarize the action described previously:- The differentiated 
leading edge of either the master or slave pedestal is used to trigger the 
nAn multivibrator which produces a positive gate 75 microseconds long. At 
the end of the "A" muJ.tivibrator ate a "B" multivibrator ate is started 

so lasts for 7 microseconds. 

(Bear in mind the total duration of the "A" and "B" muJ.tivibrator gates 
are equal to 150 microseconds. Since the pedestals are 1200-1600 microse­
conds ride, AFC w.i.ll ~ operate properly when the signals are positioned 
near the left 10% of the pedestals (the first 150 microseconds).) 

Now consider what happens if the outputs of the "A" and "B" multivi­
brators are used as gates for the received video signal. Negative video 
l!Iignals from the receiver are inverted by the video amplifier, Vl3lA, and 
appear as positive signals on the plate of this tube. This sign;li is ap­
plied to the grids of the "A" and "B" gate amplifiers, Vl33 and Vl32. The 
output of the "A" multivibrator is applied to the suppressor of Vl33 and 
the output of the "B" multivibrator is applied to the suppressor of Vl32. 
Plate output due to the input video signals applied to the grids rill 
~ be present when the "A" and "B" multivibrator outputs are supplied 
to the suppressors. 

Now asswoo that a signal appears on the grids of Vl33 and Vl32 during 
the time of the "An multivibrator out ut 0 • Then a negative pulse 
appears at the p ate of Vl33. This pulse is fed to the "A" limiter, Vl)4A, 
which is a cathode follower. This tube limits the amplitude of the output 
l!Iignal, but does not change its polarity. Thus, the negative output on the 
cathode of Vl34A is fed to the input of the "A" diSCriminator, Vl3SA. This 
causes the capacitor, C174, in the plate output to charge and develop a nega­
tive voltage across R277. Since the video pulse appears on the "B" gate 
amplifier grid during the time there is no liB" multivibrator gate, there is 
no plate output from tube Vl32, and hence, the "B" lillliter produces no out­
put to be supplied to the "B" diSCriminator, Vl35B. The net result, then, 
is a negative output of the discriminator across R277 due to the "A" channel. 
This negative voltage (in Arc) is applied to the reactance tube grid which 
causes the frequency of the crystal to increase Which, in turn, causes the 
signals on the screen to move to the right (and, therefore, toward the "B" 
multivibrator gate). 

Now if a signal appears during the time of "B" multivibrator output, 
a negative plate output appears at the plate of Vl32. This is inverted 
and limited by the "B" limiter, Vl34B. The positive output froJ:! Vl34B is 
fed to tl'le plate of the "B" discriminator, Vl35B, which causes a less nega­
tive voltage to appear across R277. (Less negative because the other end 
of R277 is connected to a negative bias.) The "less negative" voltage, 
when applied to the reactance tube grid, causes more capacitive loading 
across the crystal, and hence, a lower crystal frequency which moves sig­
nal to the left (and, therefore, toward the "A" multivibrator gate). 

If the action described above is understood, it must be apParent that 
if the video signal is centered between the end of 1:..'1e "A" multivibrator 
gate, and the beginning of the "B" muJ.tivibrator gate, equal and op]?osite 
voltages w.i.ll be developed by the diSCriminators, which cancel, and the 
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reactance tube bias remains unchanged. However, an unbal.ance due to a 
change in the rate of the sweep or tile signal, will cause a change of 
voltage of such magnitude as to cause the crystal. to asswne a new frequency 
which keeps the rates equal. Thus, the sweep and the signal are automati­
cally locked at the same rate. 

Notice that the AFC action occurs on both the master and slave signals. 
This results in AFC action that is twice as "smooth" as either alone since 
AFC correction occurs at twice the repetition rate. In operation the master 
signal is placed on the master pedestal. and then the operator switches the 
DRIFT knob to AFC. l"it.1t the master signal. then "locked-in" the delay ped­
estal can be moved to a position under the slave signal. 

Note, too, that the DRIFT control is used al.so in the AFC position. 
This al.lmrs the operator to position the signal.s on the FUNCTION 3 sweep 
when in AFC. It is al.so used to indicate whether the AFC is functioning 
properly, for in such a case the signal.s should remain "locked-in" over 
practically the full rotation of the DP.IFT control. This is a good test 
of AFC operation since manually turning the DRIFT knob manually changes 
the bias on the reactance tube. To correct for this manual change of bias, 
the AFC circuits must work in such a manner as to al.wa;y-s present the correct 
bias to keep the signal.s "locked-in". In AFC operation, the DRIFT control 
should be left centered in its range of control. -----

LEFT-RIGHT OPERATION 

lilien a Loran receiver is switched to a particular station rate, the 
master and slave signals, which stop on the CRT, may stop anywhere on the 
trace. TIle operator must then move the signals along the trace until the 
master signal is atop the master pedestal.. To allow hilll to do this quickly 
and conveniently, the LEFT-RIGHT switch is provided on the front panel to 
move the signals either left or right to the position desired. 

This moverent of the signals to the left or the right is accomplished 
~J altering the period between reset pulses as tabulated below for the HO 
rate. ' 

lEFT-RIGHT 
SHITCH 

LEFT 
NORNAL 

RIGHT 

RATE HO 

PERIOD BETWEEN RESET PULSES 

FUNCTION 1 

15,112.5 
15,000 
14,887.5 

FUNCTION 2 & 3 
15,012.5 
15,000 
14,987.5 

Notice that when the LEFT-RIGHT switch is in the LEFT position, the per­
iod between reset pulses is increased qy 112.5 mctcroseconds when in FUNCTION 
1. Thus a definite difference in rates is created between irutl.cator and re­
ceived signal.s and tiley will drift to the left on t,he CRr screen. 
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Notice that for FUNCTION 2 and 3, the period is increased by on:q 12.5 

microseconds. This is done so that for FOlICTION 2 and 3 the signals will 

drift across the screen at the same speed as they do on FUllCTION 1. (Remem­

ber that the CRT trace time on FUNCTION 2 is established by the pedestal 

widt..>t, approximately 1000 usee, and not the full Loran cycle.) 

lfuen in the RIGHT position, the Loran cycle is decreased by 112.5 usec 

in FUNCTION 1, and decreased by 12.5 in FUNCTION 2 and 3. 

Circuit operation is as follows:- When in the RIGlIT position, the re­

set pulse instead of being fed back to the right grids of the 1st and 4th 

counters l FilllCTION 1), is fed to the left grids of these tubes. In this 

fashion, the PRR coincidence interval is shortened by 112.5 usecs, the sum 

of t periods of the 1st and 4th counters. When in FUNCTION 2 and 3, on:q 
the 1st counter is so affected, and the period is shortened by 12.5 usecs 

on:q. 

l'llien the switch is in the LEFT position, for each reset pulse, nine 

successive cycles of cr:l'stal oscillator pulses (12.5 microseconds each) are 

gated out for FilllCTION 1. For FUNCTION 2 and 3, only one 12.5 microsecond 

drive pulse is gated out. This is accomplished by feeding t..>te negative pulse 

from the plate of the reset generator, Vll6, back to the grid of the ringer 

tube. 

The pulse is fed back through C123, the LEFT switch, and C114 to the 

grid of the ringer, Vl02B. For FilllCTIOll 1, em-acts with Rl20 to partially 

differentiate the pulse. For FUNCTION 2 and 3, R123 is placed across Rl20 

and complete differentiation of the negative pulse takes place, resulting in 

a smaller negative pulse being fed back to the ringer tube. 

17.18 DELAY CIRCUITS 

The second important function of the Indicator is to provide a de1~ 

system which must be continuous, accurate and have a wide range (0 to gr-ea1;el'i 

than 10,000 microseconds). 

The ~8803 delay system uses combinations of waveforms obtained from 

the counter outputs to form a pulse 'lihich can be varied in time. This pro­

vides a coarse measure of de1~ time. The accuracy is obtained by using 

this coarse delay in conjunction .. lith a 100 microsecond accurately phase­

shifted pulse. 

Coarse Delay Pulse 

First let us review the waveforms obtained from the 3rd, 4th and 5th 

binary counter stages (tubes Vl06, Vl07 and VlO8). Outputs from both the 

left and right hand sections of the counters are shO'.m in Figure 16. Now 

these 6 waveforms can be added together in all sorts of different combina­

tions to produce a new waveform. This adding is done by choosing paJL-~"_CU.1AI\ 

counter outputs by means of a md tch and by combining them in gating cir­

cuits to produce the desired coarse delay output pulse. 
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COUNTER 
OUTPUT 

Adding 
)A. hA. 5A & 
Vl36. grid 2 

Adding 
JIl. LB. SB & 
Vl36. grid 7 

Vl36 plate 
pins 1 & 6 

0° OW 

SlO5A & B 
22.5° OW 

slo5A & B 
45° OW 

Slo5A & B 
67.50 OW 

Slo5A & B 
900 OW 

J---

J 

u 

TIME IN MICR05ECOND5 

I 

Res~t Pulse 
I 

:U 

:U 
Figure 16 

LU 

1200 

:u 
:U 
I 

DELAY CIRCUIT COUNTER OUTPUT WAVEFORMS 

L 

:L1 
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Figure 17 shows the switches and gating tubes used with the Jrd. 4th 
and 5th counters. Note that the front and rear rotor sections of both wafer, 
51051 and wafer. Slo5B are electrica.lJ.;y connected (soldered) together. This 
allows us to add three waveforms together on each of these two wafers, and 
when necessary. to disconnect this summed waveform by means of the switch. 

Line H of Figure 16 shows the resultant waveform obtained when all left 
outputs of the Jrd, 4th and 5th counters are added. Line I shows the result.­
ant waveforms obtained when all the right outputs of the Jrd, 4th and 5th 
counters are added. Figure 17 illustrates the simplified diagram showing the 
counter connections required to produce these waveforms. 

Now consider what happens when these two waveforms from the switch out.-
puts are added together. On pm 2 o£ Vl36, the 31, 4A and 51 summed waveform 
is applied and on pin 7, the summed waveform of the 3B, 4B and 5B counters 
is applied. This gate tube, Vl36, is biased in such a manner that only dur-
ing the time the waveform on either grid is at its ~ positive voltage 
will any output be produced in the plate circuit. If the waveforms on Figure 
1.6, Lines H and I are mtroduced into the grids of Vl36, t.lte resultant plate 
output is shown on Line J. Note that i'l'om reset (point 0) to point 1, there is an 
output 50 microseconds wide and that an output 100 microseconds wide will occur 
every 400 micros~Qllds later untn reset time is reached again. For the parti­
cular out ut shown on Line J this ulse occurs between 50-450 m:l.croseconds 
7 0- 0 microseconds etc. Now asswne this occurs when the switch 0 l.S 
set on a positl.on ch we call 00 • Now suppose we rotate the rotor of this 
Sldtch. Until we reach the next position on the switch (which we will call 
22.50 rotation}, we will continue to get the waveform shown on Line J at the 
plate circuit of Vl36. However, when this next position is reached, a ney, 
group of waveforms is fed into the grids of Vl36 and a new output results 
on the plate. This new output will be a pulse only 50 microseconds wide 
occurring between the times 400-450 microseconds, ~850 microseconds, etc. 
In this position, SlO5B disconnects the added waveform from 313, 4B and 5B 
counters to grid 7, Vl36. 

Now if switch 5105 is rotated from 22.50 to 45°, the new output will 
remain for this i..lterval, but when the 450 point is reached, new waveforms 
are switched into the grids of Vl06 and a new pulse is formed which starts 
at the same time as the preceding output (400 microseconds, 800 microseconds, 
etc.) but is now 100 microseconds wide. Note that the 50 microsecond gates 
are formed by removing one set of the pair of input signals to Vl36 which 
make up the 100 microsecond gate. The 450 position output is shown at K 
of Figure 16. 

!hus, it is evident that as the rotor of switch 5105 is turned, the 
plate output of Vl36 consists of alternate 50 and 100 microsecond pulses 
(negative) which continuaJ.l;1 move to the right. Every 400 microsecond! the 
cycle is repeated. Vl36 is called the 50-100 microsecond delay gate be­
cause its output consists o£ a negative gate which is successively 50 and 
100 microseconds in width. Note that this cycle repeats itself at inter­
vaJ.s of 400 microseconds. Thus, the same output of Vl36 occurs at 320 
microseconds, 720 microseconds, 1120 microseconds, etc. Figure 18 shows 
the output waveforms of the 50-100 microsecond delay gate for various po­
sitions of the IlEIAY switch. together with a list of the various counter 
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3 RD CNTR 

R285 
220K 

SI05A-F 

R298 
220K 

14 

0 

4THCNTR 
VI07 
6211 

R287 
220K 

R297 
2201< 

SI05A-R SI05B-F 
0 0 0 

0 0 0 
0 0 0 
0 0 0 

0 0 
0 00 0 

5TH CNTR 
VI08 

e""5' 
R288 
220K 

R293 
220K 

SI05B-R 
0 

0 
0 

0 

0 o 5 
0 0 

FRONT a FlEA.R SWITCH ROTORS OF THE SAME WAFER ARE ELECTRICALLY 
CONNECTED (SOL.DERED), AS INDICATED BYA DOT AT CENTER OF THE WAFER 

SECTION 

el78 
,OIUF 

50-100 USEC 
DELAY GATE 

VI36 
6211 

Figure 17 

SIMPLIFIED CONNECTIONS TO VI36 
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i 
1;, 

TIME POSITION I 400 HlCROSECONDS 
I 

GRID SIGNALS - SUM OF 
DIFFERENCE OF S105MB 

READING '(DEGS. cw) I ONE IvA VEFORM CYCLE Vl.36 PIN 2 1V:136 PIN 7 

A 01587 0° ~ ,00 F- I I r 3A.4A.5A 3B.4B.5B 
- - I ----- ---

B 01612 22.,° 50 3A.4A,SA SWITCH 
OPEN 

C 01637 , 45° ---, I L 3A.4A,SA 3B.4A,SA , 

SWITCH D 01662 67.,° 
I U , L .3B,4A.SA 

1 OPEN 
I 

E 016tJ7 900 I I I I L 3A. 4B, SA .3B.4A,SA 
, 

F 01712 112.,° I I 
S\'iITCH U I 3A.4B.SA OPEN 

G 01737 1350 

i I I I 3A.4s,SA 3B,4B,SA 
I 

SWITCH H 01762 157.5° I U . 3B,4B,SA OPEN 

I I 01787 1800 

i I , 3A.4A.5B , .3B,4B,SA , 

..J 01812 202.50 I U ! 3A.4A.,B SWITCH 
I OPEN 

K 01837 225° 
I 

I I 3A.4A,5B ,3B,4A,SB 
-----

1 
L 01tJ62 247.5° 

SWITCH 
3A,4A,5B 

I 
I OPEN 

-- --- ------

M 01tJ87 2700 

i 
I I 3A.4B.5B 3A.4A.5B 

S\mCH N 01912 292.5° J 1 U I 3A,4B.SB 
I 

OPEN 

a 01937 315° ---l I r 3A,4B,SB ,3B,4B,5B 

swrroH P 01962 .337.5° ,3B,4B,SB OPEN 
-----

I Q 01987 .3600 or 1 I I 
, r 3A,4A,SA ,3B,4B,5B (YJ 

NOTES: 
1. DELAY SWITCH AS SlGIN IN SCHEMATIC DIAGRAM IS AT 0°. 
2. "WAVEFORM SHGIN IS OUTPUT OF Vl.36, PINS 1 AND 6. THIS WAVEFORM REPEATS IT­

SELF EVERY 400 MICROSECONDS (e.g.: WAVEFORM B OCCURS AT 00812,01212,01612). 
3. 3A. 4B, ETC. REFER TO COUNTER STACZS, LEFT OR RIGHT PLATE AS SH<MN ON SCHE-

1·IATIC. (e. g.: 3A MEANS THIRD COUNTER, LEFl' PLATE.) 

Figure 18 OUTPUT WAVEFORMS OF 50 - 100 )lSEC DELAY GATE 
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01687 

01787 

01887 

01987 

02087 

02187 

02287 

02387 

02487 

OF 

22.SO 

22SO 

247.50 

1600 MICROSECONDS 
ONE WAVEFORM CYCLE 

SIGNALS - SUM OF 

51,6A,7A 

51, 61, 7A 

PIN 7 

SWITCH 
OPEN 

L 51, 61, 7A 513,61,7A 

SWITCH 
OPEN 

5A,6B,7A 

51,6B,7A 

5A,6B.7A 

SWITCH 
OPEN 

SA.61,7B 

SA, 61, 7B 

SA,6A,7B 

SWITCH 
OPEN 

5B,61,7A 

5B,6A..7A 

SWITCH 
OPEN 

5B,6B.7A 

SB,6B,7A 

SWITCH 
OPEN 

5B,6A.,7B 

5B,6A,7B ------r------;--~--------------~--1_-----~~.----
SA,6B.7B 

SA,6B,7B SWITCH 
OPEN 

'--.....J1 5A,6B.7B 5B.6B,7B 

337.50 

3~ or 

SWITCH AS SHCMN IN SCHEMATIC DIAGRAM IS AT 00
• 

SlITTCH 
OPEN 

SA,6A.,7A 

SB,6B,7B 

5B,6B,7B 

SHam IS OUTruT OF Vl.)B, PINS 1 AND 6. THIS V1AVEFORM REPEATS IT­EVERY 1600 MICROSECONDS (e.g.: WAVEFORM B OOCURS AT Y99/j7, 01612, 03212). ETC. REFER TO COUNTER STAGES, LEFT OR BlGRT PLATE AS SHam ON SCHE­(e.g.: )A MEANS THIRD COUNTER, LEFT PLATE.) 

19. OUTPUT WAVEFORMS OF 200 -400 jlSEC DELAY GATE 
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A 04787 

B 05187 

c 05587 

D 05987 

E 06387 

F 06787 

G 07187 

H 07587 

I 07987 

J 

08787 

L 09187 

M 09587 

N 09987 

o 10387 

p 10787 

Q lllB7 

NOTES: 

6400 MICROSECONDS 
ONE WAVEFORM CYCLE 

-=1 1<000 F L-'--Ir 7A,8A,9A 

u 

7A,8A,9A 

L 7A,8A,9A 

.-U-

SWITCH 
OPEN 

7A,BB,9A 

7A.8B,9A 

7A,8B,9A 

SWITCH 
OPEN 

7A.8A,9B 

7A,8A,9B 

7A,8A,9B 

SWITCH 
OPEN 

7A,8B,9B 

7A.8B,9B 

7A,8B,9B 

SWITCH 
OPEN 

7A,8A,9A 

i. DELAY SWITCH AS SHOWN IN SCHEMATIC DIAGRAM IS AT 0°. 

2. WAVEFORM SHGIN IS OUTPUT OF V139, PINS 1 AND 6. THIS WAVEFORM mEATS IT. 

SELF EVERY 6400 MICROSECONDS (e.g.: HAVEFORM B OCCURS AT 98387,04787. 

3. JA. 4B. ETC. REFER TO COUNTER STAGES, LEF'!' OR RIGHT PLATE AS SHlftIN ON 

MATIC. (e.g.: JA MEANS THIRD COUNTER, LEFT PLATE. ) 

Figure 20. OUTPUT WAVEFORMS OF 800 -1600 .uSEe DELAY 
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A 98387 

8 99987 

25,600 MICROSECONDS 
ONE WAVEFORN CYCLE 

46400 F 
-+- - -,..------....., 

3200 
,~-l------+------+----j- .~--.-- .- .. --+---+------+ 

c 01587 11.---' L if---\-------+-- --.-. ./--- L_ -.----------- .--\------1--------+------+ 
D 

E 

F 

G 

H 

I 

J 

K 

L 

M 

N 

o 
p 

03187 

04787 

06387 

07987 

09587 

11187 

12787 

15987 

17587 

19187 

20787 

22387 

23387 

337.5° 

SWITCH 
OPEN 

SWITCH 
OPEN 

10A,llA 

lOA,llA 

10A,llA 

SWITCH 
OPEN 

10B,llA 

,10B,llA 

SWITCH 
OPEN 

lOA, liB 

lOA, liB 

10A,llB 

SWITCH 
OPEN 

10B,llB 

lOB, liB 

lOB, liB 

SWITCH AS SHam IN SCHEMATIC DIAGRA}! IS AT 00. irom,o;; SHCWN IS OUTPUT OF VJ.4l, PINS 1 AND 6. THIS WAVEFORM REPEATS IT­SELF EVERY 25,600 MICROSECONDS. 
)A, 4B, ETC. REFER TO COUNTER STAGES, LEFT OR RIGHT PLATE AS SHam ON SCHE-MATIC. (e.g.:)A MEANS THIRD COUNTER, LEFT PLATE.) 

Figure 21. OUTPUT WAVEFORMS OF 3200-6400 jlSEC DELAY GATE 
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outputs which are used as input signals for the grids of the delay gate. 
Notice on Figure It! ~~at there are 16 different waveforms. As the DELAY 
crank is turned through 400 microseconds, a neH waveform is obtained every 
25 microseconds with the resuJ.t that the output continuously moves to the 
right. After 400 microseconds rotation, the cycle repeats. 

In a similar manner, the outputs of the 5th, 6th and 7th counters are 
combined by switches Sl05C and sloSD, and fed to the two grids of the 200-
400 microsecond delay gate, Vl38. The output obtained on the plates of 
tube is exactly similar in shape and behavior to those previously descl:1.bed. 
except now the waveform period is 1600 microseconds (corresponding to the 
period of the 7th counter) and the output puJ.se is successively 200 and 400 
microseconds wide (as established by the 5th counter). Figure 19 shows the 
output waveforms versus switch position for the 200-400 microsecond delay 
gate. 

Likewise the 7th, 8th and 9th counter outputs produce the plate wave­
form of the 800-1600 microsecond delay gate, Vl39. Here the waveform 
is 6400 microseconds {as established by the period of the 9th and 
the output waveform is successively 800 and 1600 microseconds in width (as 
established by the 7th counter). ,-Iaveforms for this delay gate output and 
grid connection are shown in Figure 20. 

The same reasoning and waveforms hold true for the 3200-6400 mic:ro'sec:OIJ 
delay gate, Vl4l. Figure 21 shows the output waveforms and grid COllUlf!CtiOllll 
for this tube. 

Now these various delay gate waveforms can be applied to coincidence 
tubes (similar to those used in the PRR section) in such a manner that 
either a 50 microsecond or 100 microsecond output will occur at ~;-~~~~ 
one particuJ.ar time from reset time for a particuJ.ar setting of t 
1!'h'us, as the switches are rotated, a continuous output puJ.se (which is suc­
cessively 50 and 100 microseconds wide) can be formed. This is the coarse 
delay pulse. The manner in which this is done will now be described with 
the aid of Figure 22. 

The top illustration of Figure 22 shcms the four waveforms produced 
at the plates of the four delay gates when all switches are at an angle of 
00 • This position of the switch occurs when the DELP.Y crank is rotated to 
the c01mter clockwise stop. This position corresponds to a time difference 
reading of 983t!7. There is only one point in time where all four waveforms 
go negative at once, and that is the time from reset to a point 50 microse­
conds from reset. Thus, these four waveforms are fed to the grids of the 
coincidence amplifiers, Vl37 and Vl40. As long as any section of these 
is conducting, there is no output on the cOr.Jlllon plates, but if all four 
go negative at the same tIme (coincidentally) then and only then will there 
resuJ.t a large positive puJ.se in the plate circuit. This output is shewn 
in Line E. Notice that the COincidence output will only be as wide as the 
narrowest gate. 
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'. 

A Vl)6 PIllS 1 '" 6 
BlO5A '" B III 0° POS. 

B Vl3H PIRS 1 I< 6 
SlOSC I< D III 0° POS. 

e Vl39 PIllS 1 '" 6 
SlOSE I< F III 0° POS. 

D Vl41 PIllS 1 I< 6 
SlO5O I< BIlla" POS. 

E Vl37, mo, Vll9B 
CClllCJI PUT!! 

F Vl36 PIHS 1 I< 6 
Blo5A I< B, 4 REV. .0" 

G Vl3B PIHS 1 I< 6 
S10SC I< D, 1 REV. • 0° 

H Vl39 PIllS 1 & 6 
SlOSE I< F IR 90° POS. 

I Vl41 PlHS 1 I< 6 
BlOSC I< H IR 22.5" POS. 

J Vl37, mO, Vll9B 
CCIIMON PUT!! 

RESET 1600 3200 4S00 , 

'--____ .....Jr 
I 

t 50)l5E<' TIME DlFFERE!iCE 98387, C01llrl"EllCLOCMB MECB.tlIICAL STOP 
ALL IlEIAY WAFERS ARE IR 0° POS. AS _ CJI _ SCB1!IIATIC. 

I ___ ~OOOO"",,-,DEI.\,,," Y FRCJI"--"RES"""ET,...'--___________ _ 

~lJlIlfin'inm~ m 
W l!2! W,600--,U U U L 
~ 1600 .---=!r--------- I 
I ,.-..-- 6400 ----___ ~ • .,',----

i=--:=:: 3200 ---::ir--------------­
I 

TIME DIFI'ERERCl! 99987, III!LlY PEDEStAL IS 100 MICRO­
SECONDS WIDE, 1$50 TO 1650 III!LlYED I"RQ! Rl!SE'f. 

K Vl36 PIllS 1 I< 6 
Blo5A & B, 4 REV •• 202.5" 

L 

M 

N 

0 

P 

Q 

R 

5 

T 

Vl38 PIllS 1 I< 6 
BlOSC I< D, 1 REV •• 45" 

Vl39 PlHS 1 I< 6 
BlOSE & F IR 9QO POS. 

Vl41 PIIiS 1 & 6 
S1050 & H IR 22.5° POS. 

Vl)1, Vl4o, Vll9B 
CCIIKOH PLATE 

Vl36 PIllS 1 I< 6 
510Sl &: B, 11 REV. + 1)$0 

Vl3B PIllS 1 & 6 

u ~ U U U U f---c 1600 :f,.---------~ I 
I L-_~ 

1:- 3200 _____ -:I 
I 

TIHIl DIFFERENCE 00212, Dl!I.l.Y PI!IlESTAL IS 50 MICIIO­
SECONDS WIDE, 1800 TO IB50 DELAYED I"RQ! 1iESET. 

Slose &: D, 2 REV. + 292.$° 
~------u U =u='oo u u Lf 

Vl39 PIllS 1 & 6 I- -

~ BlOSE I< F III 247.5" POS. I 
Vl41 PIllS 1 I< 6 1= 6400 
Bl050 I< B III 4$0 POO. 

Vl37, nbo, Vll9B 100 ,uSEG.t TIME DIfFERENCE 2937, IJELl.Y PKD-
ESTAL IS 100 MICROSECOHDS WTIlE, 4$00 COI4IIaI PlAT!! . ___._ ' Tjl 1L6<l9 IELAYED FRCJI RESET. 

[riHEiiw!iJlllSi! }--- RESET 1600 3100 4800 10400 8000 %00 

[TIllE DI'~~._ 
DIAL RZ1DIII: -1600 0000 1<000 3200 4800 &400 8000 

Figure 22 
DELAY GATE OUTPUTS FOR VARIOUS TIME DIFFERENCES 
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As we have seen from the analysis of the 50-100 microsecond delay gate 
circuit, the wavefonn shown in Line A, Figure 18, will move continuously from 
reset to the end of its wavefonn cycle (400 microseconds), alternately form­
ilIg 50 and 100 microsecond width gates. Thus, we can get a continuous output 
from reset to 400 microseconds by causing switch sections SloSA and Sl05B to 
rotate one complete revolution. Switches Sl05C and SlOSD need not be rotated 
as much, however, because the gate width for this section is 200 or 400 micro­
seconds and its period is 1600 microseconds. Also switch sections Sl05E and 
Sl05F need not be rotated as much as the previous sections because the wave­
form is negative for at least 800 microseconds and its period is 6400 micro­
seconds. When sections Sl05A and Sl05B have made one complete revolution, 
sections Sl05C and slOSD will have made a rotation of only 900 • ThUB, it 
can be seen that sections Sl050 and SloSD move only t as much as the first 
sections Sl05A and SlO5B. This is accomplished by connecting the second 
set of switches to the first by means of gears in a 4:1 ratio. Similarly, 
the third set of switches need only rotate i as fast as the second set and 
it, too, is geared to the second set through a gear mechanism of 4:1 ratio. 
The sallie reasoning applied to the fourth set of switches and it is likewise 
geared. Thus, every time the first set of switches is rotated 64 times, the 
second set revolves 16 times while the third set would make 4 complete revo­
lutions and the last set only one. This arrangement results in a continuously 
variable coarse delay pulse from reset to a time over 10,000 microseconds away. 
Figure 23 tabulates the gear ratios between switch sections. 

ONE 
COMPLETE 

DELAY 
CRANK 

REVOLUTION OF 

TIME DIFFERENCE DIAL 

SI05AaS 
SI05CaD 
SI05EaF 

SI05G,HaJ 

SI05A88 Sl05C &0 5105£ EkF SIO~G,M&:J 

4 I 4:1 
GEAR GE AR 

REDUCTION REDUCTION 

4 , 

GE AR 
REOUCTION 

4.' 
GEAR 

REDUCTION 

RESULTS IN REVOLUlI9N.~_OF 
RESOLVER Ii 

TIME DIFFERENCE SI05AaS SI05CaD SI05E8<F SlO5GHaJ 
DIA ... 

1/4 '/16 '/64 1;256 
4 I If. 1;16 V64 

16 4 1/4 y, 
64 16 4 I 'I. 

256 64 16 4 I 

Figure 23 

GEAR REDUCTION RATIOS BETWEEN WAFERS 
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The rema:uung illustrations on Figure 22 show the various waveforms 
for various delay times from reset. Note that the TDIE DIFFERENCE dial. 
readings do not agree with the delay times as measured with the reset pulse. 
The reason for this dii'ference will nOw be explained. 

On FUNCTION 1, for ease of viewing, the master pedestal is delayed from 
the reset pulse (start of top trace) by 1600 microseconds. Therefore, in 
measuring the time dii'ference bet1reen the delayed pedestal. and the master 
pedestal., a fixed amount of 1600 microseconds must be subtracted from the 
distance of the delayed pedestal. from reset in order for the dial to read 
correctly. Thus, the TDIE DIFFERENCE, as read on the dial., will show a read­
ing of 000 although this point is 1600 microseconds delayed from reset tiJne. 

Resolver Phase Shift Circuit 

The positive 50 or 100 microsecond gate, as established by the delay 
coincidence amplii'ier, acts as the coarse selector for the delay pedestal.. 
The accurate selection of time for the delay pedestal is generated by a 
continuously phase shifted pulse which rides atop the positive delay gate. 
Only a combination of delay gate and phase shifted pulse will produce a 
dela;y pedestal. 

If we consider that a 50 microsecond delay gate has been obtained, 
then by phase shii'ting a pulse atop the gate, the output from the combina­
tion will move in time as the pulse moves atop tile 50 microsecond gate. 

Refer to Figure 24. The waveforms in A show the pulse near the left 
edge of the 50 microsecond dela;y gate. Then the delay trigger output (which 
is the combination of the resolver phase shifted pulse and the delay gate) 
is shown near the left edge of the gate. If the DELAY crank is rotated 25 
microseconds the gate remains the same but the phase shii'ted pulse has moved 
to the right edge of the gate and the delay trigger occurs as shown in B. 

If the DELAY crank is rotated further, the delay gate switches to a 
100 microsecond gate (as previously explained). The phase shifted pulse 
moves further to the right and now occurs during the latter half of the 100 
microsecond gate. The delay trigger is as sho-..m at C. 

Since the pulse is now riding atop the latter half of the delay gate, 
the front half of the gate is no longer needed and as the DELAY crank is 
further turned the front half of the gate drops out and a 50 microsecond 
delay gate is obtained. The phase shifted pulse is still atop the gate and 
the delay trigger is as Shown at D. 

Notice that the delay trigger always occurs directly unGer the phase 
shii'ted pulse, but only if there is a combination of positive phase shifted 
pulse and positive delay gate. It should be apparent that if the phase 
shifted pulse is smooth in its movement across the delay gate, the delay 
trigger will also be smooth in its movement. The purpose of the delay gate 
then, is to select one phase shifted pulse and exclude all others. The phase 
shifted pulse is a pulse which is derived from the third counter and, there­
fore, the period between any two positive phase shifted pulses is 100 micro­
seconds. The pulse and its phase shifting is obtained in the following maJrmElri 
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I-- lOOp sEC--1 

RESOLVER ~ ~ ~ ~ 
PHASE SHIFTED l' r I r r r I 

TIME- -i' i-SOPSEC 

DELAY GATE 
I: A I 

I 

DELAY TRIGGER ~ 
OUTPUT \ 

\ , 
\ 

~ 
, 

~ ~ ~ RESOLVER 
PHASE SHIFTED r r I r r r I 

I 

I 

DELAY GATE : I B I 

DELAY TRIGGER ~ 
OUTPUT \ 

\ 

RESOLVER 1 ~ l ~ l 
PHASE SHIFTED r r r y 

DELAY GATE C 
--I I---IOcpSEC 

DELAY TRIGGER ~ 
OUTPUT \ 

\ , 
\ 

\ 

RESOLVER j ~ ~ ~ L 
PHASE SHIFTED r r , y r I 

DELAY GATE D 
I 

DELAY TRIGGER ~ 
OUTPUT 

Figure 24 

BASIC DELAY SYSTEM OPERATION 
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An output from the third counter is fed through the third counter 
lim:iter, Vlla, where it is amplified and then converted to a sine wave by 
the tuned tank, lJ.04. lJ.04 is tuned to 10 kc which passes only the funda­
mental of the 10 kc square wave (100 microseconds). The sine wave is ampli­
fied in VllBB and fed through a cathode follower, Vll9A, where it is applied 
to the phase shifting resolver, B10l. 

The resolver has a single phase rotor (the red and black input leads 
on the master schematic) and two equal stator windings which are wound 900 

apart mechanically. If either secondary (stator) winding is fully in phase 
with the input winding and produces maximum output, the other winding will 
be 900 apart from it (and hence the input winding) and therefore, its out­
put will be zero. If the resolver rotor is rotated 900 , the condition just 
mentioned will be reversed, that is, the winding that formerly had maximum 
output now has 0 output and the winding formerly 0 now has maximum output. 

The outputs of the two windings are added together through C147 and 
R201 and R202. If R201 is adjusted so that R201 and R202 equals the imped­
ance of C147 at 10 kc, then the resultant output will be constantly phase 
shifted, constant amplitude 10 kc sine wave. Notice that for the phase 
shift to work properly, the impedance of C147 and R201 must be equal at 10 kc. 
That is the reason for converting the 10 kc square wave to a 10 kc sine wave 
so that only the fundamental would appear at the resolver windings. 

Figure 25 is a simplified version of the resolver phase shift circuit, 
and 5 positions of rotation are shown to illustrate the phase movement of 
the output with respect to the input. 

Since R20l is adjusted to match C147, never indiscriminately turn this 
control. A loclmut is provided on the potentiometer for this reason. Proper 
adjustment of the control is made, when by turning the DELAY crank rapidly 
(and hence, the resolver), minimum amplitude variation of sine wave occurs 
on an oscilloscope at TP105 (indicating equal resistance and capacitive reactance). 

The constant amplitude, constantly phase shifted since wave, is ampli­
fied in Vl03B and Vl20. The output of V120, pin 6 is a 10 kc (100 micro­
second) square wave which is differentiated by C152 and R351 into a series 
of positive and negative pulses which are fed to the grid of the de1~ pulse 
generator, V142. 

Since the positive phase shifted pulses are 100 microseconds apart, 
each time the TIME DIFFERENCE dial changes in reading by 100, the resolver 
has made one complete revolution. As previously explained, the first set 
of DELAY switches SloSA and Sl05B completes one revolution in 400 micro­
seconds. Therefore, there is a gear reduction of 4:1 between the resolver 
(and TD1E DIFFERENCE dial) and the first set of DELAY switches. This is 
shown in Figure 23. 

Notice from the master schematic that in addition to the phase shifted 
100 microsecond pulses, the 50 or 100 microsecond positive delay gate is 
also applied to the grid of the delay pulse generator, V142. Thus, the two 
signals are mixed at the grid of V142. 
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This tube is a thyratron similar in operation to the PRR reset gen­
erator. The grid is held cut off by a fixed bias developed by R3S4 and 
R353. Only when a combination of positive pulse atop the positive delay 
gate occurs will the thyratron fire. This produces a sharp positive delay 
pulse at the cathode of V1.42 which is fed to the grid of the pedestal gen­
erator, V1.43, to develop the delay pedestal. 

Figure 26 shows various TIME DIFFERENCE readings from 2015 to 211S. 
This represents a change of 100 microseconds which equals one full revolu­
tion of the resolver; 900 revolution of SlOS! and SlOSB, 22.So of SlOSC 
and SlOSD, etc. 

Notice that in A, the resolver phase shifted pulse is approximately 
t across the delay gate. Waveform B is an intermediate position of the 
pulse atop the gate. In C, the TUlE DIFFERENCE dial has change 25 micro­
seconds and, therefore, the delay gate has changed to 100 microseconds. 
(Refer back to Figure 18 which shows that the 50 or 100 microsecond delay 
gate output alternately changes every 25 microsecond change of the dial.) 

The delay gate, in becoming 100 microseconds wide, al.lows the phase 
shifted pulse to move from C to D. Notice that the pulse has now passed 
ovsr the original 50 microsecond part of the gate. At E (a change of 2S 
from C) the delay gate narrows to 50 microseconds bot the pulse is still 
atop the gate so that a de~ trigger will always be generated. If, be­
cause of some misalignment, ~ere within the range of delay readings 
0000 to greater tb&n 10,000, the dela;y pedestal disappears, it can only 
be caused by not having the right combination of delay pulse atop delay gate. 

Notice that whenever the delay gate changes (from a So to 100 or vice 
versa), the delay pulse is always well removed from either front or rear 
edge of the gate. This is done to provide a wide tolerance in angular posi-
tionin of the switches without adverse affectin the ration or accur 
of t e equipment. Notice that the accuracy of the system is determined 
solely by the revolver pulse; the gate merely selects the proper pulse to 
be used. 

In explaining the development of the delay gate, it was shown that a 
delay of 1600 microseconds from reset is provided for convenience in viewing 
the master pedestal. Therefore, 1600 microseconds had to be subtracted from 
the delay pedestal readings. For a TIME DIFFERENCE of 0000, the delay ped­
estal must be 1600 microseconds removed from its reset. In addition to this 
1600 microseconds, there is an additional 13 microsecond delay provided be­
cause proper positioning of the phase shifted pulse places it 13 microseconds 
from the edge of the delay gate. 

Therefore, when the DELAY crank is rotated to its counterclockwise stop, 
the TIl-IE DIFFERENCE dial reads 9tJ3tl7. This number is 1613 microseconds less 
than a reading of 0000. This number, 98387, is the reading when delay gate 
occurs at delay reset. By moving the dial 1613 microseconds, the dial will 
read 0000 and the delay pedestal will be removed from its reset the same 
amount the master pedestal is delayed from its reset. 
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Figure 26 
RELATIONSHIP OF DELAY SYSTEM AND TIME DIFFERENCE DIAL 
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The explanation of the del~ system is cOlnplete, but a few small points 
which are not concerned with the explanation of the delay system will be ex­
plained. 

(1) Notice that an output froll'. the twelfth counter cathode follo~rer, 
Vl2$A is fed to the third del~ coincidence amplifier, Vl19B. This 
square wave prevents a delay pedestal from occurring during the 
master trace and allows the delay gate to be developed only during 
the slave trace. 

(2) Notice that the common plates of the delay gate tubes, Vl36, 
Vl3tJ, Vl39 and 11141 each has a capacitor to ground connected 
to it. The purpose of each of these condensers is best explained 
by Fieure 27. Notice in A and B the sharp edges of the delay 
gate when no condenser is used. HO~lever, notice in B that there 
is a hole developed when a 100 microsecond gate is obtained. If 
the hore-were allowed to remain, there uould be the possibility 
that the phase shifted pulse might fall in this hole as the DELAY 
crank is rotated. Thus, the positive pulse atop the delay gate 
would in effect be falling in a notch, and the bias of the delay 
pulse generator tube, Vl42, migh~ be overco!i'~. The delay ped­
estal would then disappear. To prevent this from happening, cap­
acitors are placed on the plates of the delay gate tubes resulting 
in waveforrrl C, which rounds the edges of the gates as well as re­
ducing the hole markedly. The phase shifted pulse will nOll ride 
smoothly atop the gate. 

A 
50jiSEC DELAY GATE, PLATE 186 VI36 

WITHOUT CISO 

B 
IOOjiSEC DELAY GATE, PLATE 186 VI36 

WITHOUT CISO 

C 
IOOjlSEC DELAY GATE, PLATE 186 VI36 

Figure 27 

DELAY GATE WAVE SHAPING 
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18. ALIGNMENT PROCEDURES 

CHAPTER V 
ALIGNMENT PROCEDURES 

Chapter II, Sections 11 thru 1l.6 described initial adjustments and 
checks which should be perfomed on newly-mstalled equipment. These same 
checks should be made periodically to determine il the LR-8803 is function­
ing properly, and they should be performed after every major repair or ser­
vice work. 

The alignment procedures described in the following sections should 
normally be perfonned only il critical parts have been replaced, or if a 
complete overhaul of the LR-8803 is required. 

18.1 RECEIVER ALIGN}mNT 

Necessary Test Equipment 

1. Sigr181 Generator (accurately calibrated from 1100 kcs 
to 2000 kcs) or Loran Pulser, Model TS-251/UP. 

2. Voltohmmeter. Simpson Model 260 or equivalent meter 
having at least 20,000 ohms/volt resistance on DC scales. 

3. Damping load consisting of ~, 470 ohm resistor and 
ceramic disc .01 mfd capacitor in series. 

A. I.F. Alignment 

Set the receiver controls to the positions :Uldicated below: 

GAIN ••••••••••• ~ scale (approx. -7.5 volts bias) 
CHANNEL •••••••• CHANNEL 1 
BALANCE ••.••••• center of range 
LOCAL-DISTANT •• DISTANT 

Attach voltmeter to the detector output jack, TP501, and set meter on 
10 volt DC range. Connect signal generator to antenna input jack at rear 
of receiver (J501). 

Turn power ON and allow a 10 minute warm-up for all equipment. 

Feed an mput signal of 1950 kc, unmodulated carrier into LR-5tl03. 

Note 1: The signal generator used for this alignment must be accurately 
calibrated in frequency. A signal generator which is inaccurate in fre­
quency calibration will result in misalignment of the Loran receiver. 

Note 2: The Loran Pulser, TS-251juP is an excellent source of crystal 
controlled RF power for this alignment, and should be used Where possible. 
When the OUTPUT SELECTOR switch is thrown to the clockwise position, out­
puts of 15 microvolts, 1 millivolt and 1 volt can be obtained. 

Page 73 



Now damp the primary winding of the final IF transformer, T505, by 
shunting it with the resistor-capacitor combination. 

Tune the secondary of this transformer (aD. secondary tuning slugs are 
accessible from the bottom of tile chassis) for maximum deflection of the de­
tector meter. Starting with the slug all the way out, the first peak ob­
tained is the proper one. By mAans of the amplitude control on the signal 
generator (or TS-251juP), keep the detector out. put near 10 volts throughout 
the tuning procedure. Remove damping from primary of final IF tank. Damp 
secondary by connecting the resistor-capacitor combination across secondary. 
Tune primary for peak. (All primary slugs are on top of receiver trans­
formers.) Starting with slug all the way out, the first peak is the one to 
be used. Remove damping from secondary. 

In like manner tune the remaining IF transformers, T504 and T503. 

After all IF transfonners have been peakoo, remove the damping load and 
check the over-all IF band pass if an accurately calibrated signal generator 
is available. This can be done by feeding a llOO kc signal into pin 7 of 
VS02 and measuring the bandwidth to the 3 db points. Bandwidth should be 
appro:xim.ately 40 kcs. IF transformers may be trimmed very slightly to ob­
tain the desired symmetry. 

B. R.F. Alignment (CHANNEL 1) 

With RF source set at 1950 kcs and using the same set-up as previously 
described for IF alignment, connect damping load to secondary of T502 and 
tune primary inductance to give maximum response on the voltmeter at TP501. 
Output level should be approximately 10 volts. 

Remove damping load and connect to primary of T502 and tune the secondary 
inductance for peak. 

In like manner tune secondary inductance of T50l. 

To tune primary inductance of T50l, remove damping load and tune pri­
mary for maximum output at detector load. 

C. R.F. Alignment (CHANNEL 2) 

With band switch on CHANNEL 2 and using same set-up as described above, 
set signal generator or test set to give an RF output of 1850 kcs. The re­
ceiver GAIN control is set at -7.5 volts and the RF source is adjusted for 
appro:x:Giiately 10 volts at the detector jack. Connect the damping load to 
the secondary of T502 and tune trimmer capacitor, Csa7, for peak output on 
the voltmeter. Then connect damping load to primary of T502 and tune capa­
citor C5l6 for peak output. 

Finally, connect damping load to primary of T501 and tune capacitor 
C50) for peak output. Note: Do not re-tune aqy inductances since they 
have aD. been tuned for"'"'CHANNEL 1:--
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D. R.F. Alignment (CHA.NNELS 3 and 4) 

In a manner similar to that described in Paragraph C, tune the RF stages 
for CHANNEL 3, 1900 kcs and CHA.NNEL 4, 1750 kcs. 

For CHA.NNEL 3 the trimmer capacitor across the primary of T502 is C506, 
and the trinrner across the secondary is C515. For T501, the tr:i.lllJler used 
is C502. 

When aligning CHA.NNEL 4, the primary trimmer for T502 is C505 and the 
secondary trimmer is C513. The trillIloor for T501 is C50l. 

E. I. F. Trap Aligrunent 

With a 1100 kc signal fed into antenna jack and receiver gain at maxi­
mum, tune L50l for minimum output at detector jack, TP501. 

16.2 ALIGNMENT OF 80 KC CRYSTAL OSCILLATOR AND REACTANCE TUBES (1101 AND 1102) 

Before making adjustments to 1101 and 1102, allow a minimum of 10 minutes 
warm-up time for the equipment. This will allow complete stabilization of 
VlOl and Vl02 so that when adjustments to 1101 and 1102 are made, they will 
be correct. 

With an oscilloscope prllbe connected to TPlOl, set the DRIFT knob in 
the OUT position and in its center of rotation. Adjust osciiiatOr plate 
coil, ·1102, and notice that the sine wave appearing on the oscilloscope in­
creases in amplitude until the point is reached where the sine wave suddenly 
collapses to zero. From this position, back out the coil slug approximately 
2 turns. The sine wave should reappear and should be approximately 75% max­
imum amplitude. 

Disconnect the oscilloscope probe. If signals are present, connect the 
anterma to the receiver. If no signals are present, connect Loran Test Set 
TS-25l!UP to the receiver. Set the RATE switch to the correct rate which 
should stop signals on FUNCTION 1. Tiie signals should appear almost sta­
tionary on the two traces. Using the LEFT-RIGHT switch, place a signal on 
the master pedestal ta signal on the ~ pedestal is not required). 

Turn FUNCTION switch to FUNCTION 2. Rotate DRIFT knob from extreme 
clockwise to extreme counterclockwise position and notice the speed with 
which the signals move across the screen. For extreme limits of the knob, 
the signals should drift across the screen at equal speeds to the left and 
right. (Note: FUNCTION 2 sweep is recommended in making this adjustment 
because the speed with which the signals drift across the screen most readily 
indicates any unbalance between the limits. However, in making the check 
the signal may drift off the trace and disappear. In such a case, use the 
LEFT-RIGHT switch to bring it back on the trace.) 

If equal drift to the left and right is not obtained as the knob is ro­
tated through its limits, adjust the reactance tube plate coil, 1101, until 
equal limits of drift is obtained. 
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Note: A certain amount of caution shoul.d be exercised when making the afore­
mentioned adjustments. As the schematic diagram indicates, it is possible 
LIOl and LI02 to form a tuned-plate, tuned-grid oscillator. If both coils 
are improperly tuned, the circuit will no longer oscillate as a c~stal 
tor at tiO kc but as a tuned-plate, tuned-grid oscillator at a frequency far 
enough removed from 80 kc to prevent stopping signals. It is also possible 
that improper adjustment of L10l will cause the circuit to operate properly 
over part of the DRIFT knob rotation, but improperly over the rest of the 
knob rotation. 

Be certain that final adjustment of 1101 is made using signals whereby 
the signals drift equally to left and right for the extremes of the DRIFT 
mob. 

18.3 ADJUSTHENT OF RESOLVER BALANCE POTENTIOMETER (H20l) 

Place the probe of an oscilloscope on TPI05 (Vl20 pin 2). A 10 kc sine 
wave shoul.d appear. Adjust the oscilloscope to observe at least 25 cycles 
of the sine wave. 

Adjust L104 (Vlltl pin 7) for maximum sine wave on the oscilloscope. 
(The coil Q is low and the amplitude change with tuning is very broad.) 

With DELAY crank in high speed, rotate the crank rapidly. If the RE­
SOLVER potentiometer, R20l, is incorrectly adjusted, an amplitude variatIOn 
will be observed on the oscilloscope. Loosen the lock nut and adjust the 
RESOLVER potentiometer until minimum amplitude variation is observed as the 
DELAY crank is rotated. LOCK THE POTENTIOI1ETER. 

18.4 ADJUSTHENT OF RESOLVER PHASE SHIFT 

Using the TS-25l/UP test pulser, feed in test signal to the LR-8tJ03. 
the RATE switch on the Indicator to receive one of the test signals (say 
Place the TIME DIFFERENCE dial to the reading which should normally match 
first two signals (that is, 1650 microseconds if the H3 signals are being 
c-lith the FUNCTION switch on POSITION 3, and the AFC-DRIFT switch on AFC, the 
two signals should be matched. 

If the two signals do not coincide to within ±l microsecond, proceed 
the following: 

Procedure A. 
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1. Set FUNCTION switch to FUNCTION 3. 

2. Set TIME DIFFERENCE dial to 1650 microseconds (with LR-8803 ad­
justed to use H3 signals). 

3. Loosen the two screws that clamp the resolver body. 



4. Now turn the resolver body until the first two signals from 
the TS-251/UP pulser coincide. It may be necessary to hold 
the TIME DIFFERENCE drum at 1650 microseconds by hand to pre­
vent it from turning. 

5. Tighten the two screws to secure the resolver body. 

6. Turn to FUNCTION 1 position and see if the first two signals 
from the pulser are atop the master and slave pedestal respec­
tively for a TIME DIFFERENCE setting of 1650 microseconds. 

1. Turn to FUNCTION 3 and match the two signals. If the TIME 
DIFFERENCE is still greater than plus or minus 1 microsecond 
in error, repeat the above procedure. 

Note: It ic possible, but not very likely, that the two signals may be off 
by more than 100 microseconds on the TIME DIFFERENCE dial when a match is 
made. This means that the resolver pulse is atop the wrong delay gate which 
is due to misalignment between the gear box and the delay switch mechanism. 
This misalignment can be caused by the coupling between the gear box and 
delay switches being loose. If errors greater than 100 microseconds are en­
countered, use the following alignment procedure. 

Procedure B 

1. Turn the resolver shaft according to the directions given 
in Procedure A so that the first two signals from the 
TS-251/UP test set coincide. Note that the TIME DIFFERENCE 
will now read 100, 200, 300 microseconds, etc. from the 
correct value (should read 1650 microseconds for H3 signals). 

2. Tighten the screws that secure the resolver. 

3. Now loosen the coupling between the gear box and the delay 
switch mechanism. 

4. Turn the DELAY knob until the TIME DIFFERENCE reading is 
at the correct value. 

5. Tighten coupling between gear box and delay switches. 

Exam le: With the LR-8803 set to receive H3 signals from the 
TS-251 UP, the TIME DIFFERENCE reading is 1455 microseconds when the 
first two signals are matched. Since the TIME DIFFERENCE should be 
1650 microseconds, this means that the error is 195 microseconds. Now 
we can get the two signals to match (see Step 1 of Procedure B) by 
turning the resolver body. Match will then occur at 1450 microseconds 
of the TIME DIFFERENCE dial (200 microsecond error). Now tighten re­
solver body. Loosen coupling between gear box and delay switch mech­
anism and move the DELAY crank until the TIME DIFFERENCE reads 1650 
microseconds. Tighten coupling. 
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It should be noted here that the resolver phase shift alignment can be 

checked Qy use of the SELF-CHECK circuit (see Section 11.4, Steps 16, 17, 18 

and 19). When the phase shift circuits are in alignment, the SELF-CHECK 

will coincide as the TIME DIFFERENCE dial passes through numbers ending in 

00. If the SELF-CHECK waves do not coincide for 00 readings, align by the 

following method. 

1. Set the TIME DIFFERENCE dial to any number ending in 00. 

2. Loosen the two screws that hold the resolver body. 

3. Turn the body of the resolver until the SELF-CHECK waves 

coincide. It may be necessary to hold the TIME DIFFERENCE 

drum by hand at the 00 reading to prevent it from turning. 

4. Tighten the two screws. 

Note that using the SELF-CHECK to align the resolver phase shift " ..... ,,, .... 

does not give us aqy information as to whether the resolver pulses are 

correct delay gate. In other words, even if the resolver is aligned prOPler~ 

Qy means of the SELf-CHECK circuits, there could be time difference errors 

100, 200, 300 microseconds, etc. The onl,y way to be sure that the resolver 

pulses are atop the correct delay gate is to use the TS-251/UP test set 

ing to the directions given in Procedure A of Section 18.4. 

18.5 POSITIONING THE PHASE SHIFTED PULSE PROPERLY ATOP 'l1IE DELAY GATE 

In Section 18.4, directions were given for aligning the resolver pulse 

top of the correct delay pulse. Such alignment does not indicator, 

that the resolver pulse is positioned at the proper point on the correct 

pulse. This positioning will now be discussed. 

Set the FUNCTION switch in FUNCTION 2 position and the AFC-DRIFT COlltn 

in the DRIFT position. Drift a signal on to the bot tom trace of the • scope 

rotate the DEIAY crank in low speed for approximately 500 microseconds. 

the movement of the signal across the trace. Movement should be smooth and 

steady with no erratic motion. If jumpy or erratic motion occurs, correct 

the following procedure. 
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1. Place the probe of an oscilloscope at TPlll (grid 1 of \'142, 

delay pulse generator). Use external sync, if pOSSible, for 

the oscilloscope and place the external sync lead at TP103 

(plate 6, Vll6, PHR reset generator). 

2. Expand the piCture shown in Figure 28, Line A Qy adjusting 

the horizontal frequency control of the test oscillscope. 

The picture desired is one which will show the delaY'gate 

as in Figure 28, Line B. Depending on the oscilloscope used, 

this may be a bit difficult since we are trying to view a 



30,OOO).lSEC FOR HO ----1-1 
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DELAY PULSE GEN 

RESOLVER PULSE 
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RESOLVER PULSE TOO 
C CLOSE TO RIGHT OF 

GATE 

RESOLVER PULSE TOO 
D CLOSE TO LEFT OF 

GATE 
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I 
I 50,L.ISEC I 

GATE 

Figure 28 

PROPER. POSITIONING OF RESOLVER PI-lASE 51-liFT PULSE. 
ON DELAY GATE 
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4. 

100 ~crosecond gate (Figure 28, Line B) as a part of a full 
15,000 microsecond loran cycle (Figure 28, Line A). In ad­
justing the oscilloscope to give the picture shown in Figure 
28, Line B, do not be concerned it a clean baseline is not ob­
tained. What is important is to enlarge the delay gate as much 
as possible and to have the delay gate stationary on the oscillo­
scope. In this manner it 1s easier to position the phase shift 
pulse atop the de1!1ir gate. 

Rotate the DELAY crank to atW reading above 00000 whereby the 
wide (100 microsecond) gate has just been switched to a narrow 
(50 microsecond) gate (as seen on the oscilloscope). Loosen the 
front screws on the coupling between the gear box output and the 
delay switch input. This disengages the DELAY switch from the 
gear box. -

Rotate the DELAY crank (slow speed) a small amount, not more than 
15-20 microseconds ~ time difference change and observe the 
position of the pulse atop the gate. The correct position of the 
pulse atop the gate is that shown in Figure 28, Line B (for the 
condition wben the DELAY switch is adjusted to produce a 50 micro­
second gate as mentioned above). 

5. When the pulse is properly positioned, tighten the screws on the 
coupling between the gear box output shaft and de1!1ir switch in­
put shaft. 

To assure that the pulse is properly positioned for any TIME 
DIFFERENCE reading, turn to SELF-CHECK, FUNCTION 3. Rotate the 
DELAY crank slowly 10r a few hundred microseconds and observe 
that a smooth movement of one set 01 square waves across the 
screen results. If anywhere in this range, the square waves 
either jump or disappear momentarily, then the pulse is not po­
sitioned propet'ly and must be repositioned. Be sure to rotate 
the DELAY crank in both directions for it the pulse is near 
either edge of the gate, it is possible for all to be normal 
in one direction, but jump,y in the other direction of rotation. 
When smooth movement results, the de1~ system 1s completely 
aligned. Return SELF CHECK to NORMAL. 



EMERGENCY MAINTENANCE 

CHAPTER VI 
MAINTENANCE 

DefeetiYe fuses and tubes aceount for a great ma:cy of the failures 
in eleetronie equipment and, therefore, the operator or service technician 
should check these items first when the loran equipment is not functioning 
properly. 

FUSE LOCATION AND FAILURE CHART 

Never replace a fuse vi th one of higher rating. If a fuse burns out 
immediately after replacement, do not replace it a second time until the 
cause has been corrected. 

CHART I FUSE LOCATION AND FAILURE SYMPTOMS . 
Fuse Location Type Failure Symptom 

F601 - RM-21tl AGe - 1 amp Blank CRT picture for all functions. 
Panel lighting OK. 

F602 - RM-21B AGe - S amp Panel light OK. No +160, +260, -lOS 
or H.V. 

F70l - RM-219 AGe - 2 amp Panel light OK. No indicator heaters 
lighted. 

---" --
F702 - RM-219 AGe - 2 amp Panel light OK. No indicator heaters 

lighted. 

FlOl - Indicator AGe - 1 amp No panel lighting. CRT picture 
normal; 

TUBE REPlACEMENT 

Do not change tubes indiscriminately, but when possible, localize 
trouble to a specific circuit by means of the procedures given in Section 
21.1 of this chapter. It is important to change only one tube at & time 
and to make certain that the correct type is placed in the correct socket 
Each socket is marked with the tube type, and Figure 29 shows the tube 
type and location for all tubes in the Indicator-Receiver unit. There 
are 9 tubes in the RM-21B Power SupplJr, all of which can be located 
easily by means of the chassis markings. The RM-219 Junction Box and 
the RM-220 Coupling Unit contain no tubes. 

BLOWER 

The blower moter, in the blower housing at the rear of the cabinet, is 
permanently lubricated. However, from time to time the blower motor 
and fan should be wiped free of accumulated dust anathe filter washed 
in a detergent before being replaced. '!he filter is easily removed by 
taking out two screws at the top and two at the bottom of the blower 
housing. 
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CHART II 
Alignment Procedure and Trouble - Shooting Chart for Delay System. 

1. USE THE TS-251/UP, CHECK TIME DIFF-
ERENCE READING USING SIGNALS FOR H3, 
1.4 AND S5 RATE. (SEE SECTION 11.6). 

2. SHOULD ACCURATE TO tlpSEC. 

IF ACCURATE • IF INACCURATE 

+ 
1. PLACE OSCILLOSCOPE AT TPl05 AND 

CHECK RESOLVER BALANCE. (SEE 
SECTION lB.3). 

2. AMPLITUDE OF SINE WAVES SHOULD BE 
CONSTANT AS DELAY CRANK IS TURNED. 

IF AMPLITUDE VARIES IF AMPLITUDE CONST ANT 

• 1. ADJUST RESOLVER BALANCE POTENTIOMETER. 
(SEE SECTION 18.3). 

+ 
1. RECHECK ~/~IFFERENCE 

USING TS-251 UP. 

IF INACCURACY IS IF INACCURACY IS LESS 
GREATER THAN 100 ~SECS THANl00jJSECS 

+ + 
1. ADJUST RESOLVER AND DELAY SWITCH 1. ADJUST RESOLVER FOR MATCH 

MECHANISM ACCORDING TO PRCCEDURE ACCORDING TO PROCEDURE A 
B OF SECTION lB.4. OF SECTION lB.4. 

1. PLACE FUNCTION SWITCH IN POSITION 2 
L-., AND AFC-DIUIT KNOB TO DRIFT. I----

2. DRIFt A SIGNAL ON TO THE BOTTOI'! TRACE 
OF THE CRT AND ROTATE DELAY CRANK IN 
LCM SPEED FOR APPROXIMATELY 500 jJSECS 
AND OBSERVE MOVEMENT OF SIGNAL ACROSS 
THE TRACE. 

3. MOVEMENT SHOULD BE STEADY WITH NO 
ERRATIC MOTION. 

IF SIGNAL MOVES SMOOTHLY IF SIGNAL JUMPS , 
-

1. POSITION RESOLVER PULSE ON 
THE DELAY GATE ACCORDING TO 
SECTION lB.5. 

1. TIME DIFFERENCE ACCURACY IS OK. 
2. DELAY SYSTEM IS OK. 
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Q!.ll!l.Q!! 

1. Always turn the PGJER switch OFF before changing tubes. 

2. Be careful not to touch the high voltage circuits. Although 
these circuits contain bleeders, after power is removed al­
w~s discharge and ground such circuits prior to touching them. 

20. ROUTINE MAINTENANCE 

The serviceman should make periodic checks of the following characteristics 
according to the directions ~Ten in the referenced sections. 

WHAT TO CHECK 

(1) Power Supply Voltages 
(2) Counter Bias 
(3) Time Difference Accuracy 
(4) SWitch S-105 

HOW TO CHECK 

See Section 11.3 
See Section 11.4, Step 15 
See Section 11.6 
Frayed or poorly dressed jumper 

Item (3) is a most important check since any inaccuracy of the delay system 
can be deterr.1i.ned by this means. The TS-251./UP Test Set must be used for this 
check. See Chart II for maintenance procedures to be followed if there is any 
error discovered in the time difference reading. 

21. TROUBLE SHOOTING 

Troub1.es in the LR-1:l803 Loran set can often be located by means· of' the 
Troub1.e Shooting Charts in the fo1.1.owing sections. 

21.1 TUBE TROUBLE CHART 

When using the following tube trouble chart, turn the operating controls 
to the positions shown be1.ow un1.ess other settings are called for in the 
column of the chart marked "Symptoms of Failure". 
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Control 

LOCAL-DISTANT 
INTERFEP.ENCE REDUCER 

BALANCE 
CHANNEL 

GAIN 
RATE 

TUIE DIFFERENCE 
IN AFC-OUT DRIFT 

FUNCTION 

Position 

DISTANT 
OFF 
o 
1 
5 

H3 
1650. 

DRIFT (MANUAL) 
1 



CHART III. TUBE FAILURE SYMPTOMS 

Picture Symptoms of Failure 

Signals drift slowly and cannot be 
stopped in Function 1, 2 and 3. 

A spot or vertical line is seen at 
center of CRT in Function 1 and is 
seen at the left side of CRT in 
Function 2 and 3. 

A single trace with no pedestals in 
Function 1 and a vertical line on 
left side of CRT in Function 2 and 3. 

No slave pedestal in Function 1, and 
a single trace in Function 2 and 3. 

An intermittent slave pedestal on 
master and slave trace when time 
difference dial is rotated past 
2900 microseconds. 

An intermittent slave pedestal when 
time difference dial is rotated. 

Signals do not lock in on proper 
rate. 

No gain or balance control. 

Single trace and no pedestal in 
Function 1. Vertical line on 
left side of CRT in Function 2 
and 3. 

other Symptoms 

No manual drift or auto­
matic frequency control. 

Signals will stop and 
can be drifted left or 
right. 

In Function 2 and 3 the 
slave trace becomes in­
termittent. 

In Function 2 and 3 the 
slave trace becomes in­
termittent. 

Rate switch on rate of 
known signals. 

Picture normal except 
for some increase in 
noise level. 

Faulty Tube 
(any one or more) 

VlOl 

Vl02 thru Vl15, 
V601, v605, V608 

VU7 

Vl18 

Vll9 

Vl20 

Vl21 thru Vl24 

Vl26 

Vl25 

Page 85 



CHART III. TUBE FAILURE SYMPTOMS (cont'd) 

Picture Symptoms of Failure other Symptoms 
Faulty Tube 

(any one or more) j 

No trace separation and no pedestals Vl27 I 

on Function 1. No trace separation ; 

in Function 2. I 

No master pedestal in Function 1 and Vl.26 
l 

a single trace in Function 2 and 3. I , 
i 

~ 
AFC will not "lock-inn signals. Man- Vl.29, Vl.30, Vl34~ 
ual (drift) operation normal. V135 .1 

i 
---~~.~--'------i 

No signals and no grass. Ho eel! cheek. V131 
'! 
, 
i -------_._-----< 
I 
I 

Signals will "lock-in" on AFC only Vl.32 , Vl.33 , 
over one end of drift knob rota-

I tion. ~Anual operation normal. 
~ 

I 

No delay (or slave) pedestal in Func- Vl36, Vl38, V139,i 
tion 1 and no delay (or slave) trace Vl41, Vl42 
in Function 2 and 3. ! , 

i 

, 

Delay pedestal skips along when time Vl.37 ! 
difference dial is rotated in Func-
tion 1- Intermittent delay trace 
in Function 2. 

-
Delay pedestal skips back as time Vl40 
dirterence dial is rotated in 
Function 1. 

No pedestals in Function 1 and a ver- Vl43 
tical line on lett side of CRT in 
Function 2 and 3. 

Horizontal amplitude decreased in Vl44 
Funetion 1. Picture not focused in 
Function 2 and 3. 
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CHART III. TUBE FAILURE SDlPTOMS (cont'd) 

Faulty Tube 
Picture Symptoms of Failure other Symptoms (any one or more) 

~ - -- - ----~ ~~ 

~ 

Two vertical. lines at center of CRT V145 in Function 1. Two vertical lines 
at left side of CRT in Function 2. 
A vertical line at left side of CRT 
in Function 3. ,"'--

No master pedestal in Function 1 and V146 
no master trace in Function 2 and 3 • 

.~---.. -.--.--.. - . ---~~- "---- ---- -_.------_.- ------ . ~ .. ----. ~ 

Nothing (blank CRT). V609, V147 ----_. ---~ - -------- -

Excessive brightness and picture 
in focus. 

not V148 

~ 

No signals but some noise present when Picture otherwise V501 gain is maximum. normal. 

No signals or noise present. Picture otherwise 
nonna1. 

V)o2 thru V505 

Spot in center of CRT when in Func- V602, V603 tion 1, 2 and 3. 
---,,---

60 cycle ripple on sweeps and the v604 
time difference when rotated, causes 
an intermittent slave pedestal. 

--~-.--~---- . --

The picture is not in focus and there V606 
are many pedestals present that, Skip 
around. 

Single trace, horizontal trace very Some noise present. V607 low in Function 1, 2 and 3. 
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21.2 TEST POINT AND WAVEFORM CHART 

There are 13 test jacks on the Indicator-Receiver unit which should be 
used as an aid in aligning and servicing the equipment. The location of these 
test pOints are shown in Figure 1. 

With the exception of TPl02, each of these test points has a waveform 
put which can be viewed on an oscilloscope with a vertical amplifier ~at~~~ 
5 megacycles wide. A Tektronix model 524A, or equal, is recommended. 

Note: A proper oscilloscope must be used for this work. A poor oscilloscope 
WIT! not onJ;y give improper piC'tiires, but will cause mis-adjustment if used 
for alignment. 

These test point waveforms are shown on Chart IV at the end of this chap1;e1 
To observe them, set the controls of the Indicator-Receiver as listed in the 
directions which precede this chart. For some of the waveforms, the position 
of certain controls must be changed according to the data given under a spec­
ific waveform. In those cases where signals are required, use Loran Test Set 
TS-25l/UP. 

The test point and waveform chart also shows l1lB.IlY other voltage waveforms 
which are obtained at various points in the Indicator-Receiver. These should 
be used in trouble shooting to trace a source of trouble to a specific stage. 

As an aidiri finding trouble, the voltage waveforms of test points TPIO?, 
TPI08, TPI09 and TPI10 are especially valuable for the follOWing reason:- if 
trouble develops which results in onJ;y a spot or vertical line on the cathode 
ray tube screen, a cormnon source of trouble is the binary counter chain. To 
check the operation of the binary counters, observe the output of TPI07 on an 
oscilloscope. This test point will check the 3rd, 4th and 5th counter. Fig­
ure 30, Line A shows the correct pattern if the 3rd, 4th and 5th counters are 
operating properly. Do not be concerned with the exact shape of the wavefonn, 
but be sure there are four and onJ;y four levels on the oscilloscope as shown 
in Figure 30. If only -nevels are present (as shown in Line B of Figure 30) 
then the 5th counter is inoperative. If only 2 levels (a square wave) appear 
(Line C, Figure 30), then the 4th counter is inoperative. If no output apl:>ears 
then the 3rd counter is inoperative (or the 2nd or 1st counter or preceding 
circuits up to the crystal oscillator). 

If the output of TPI07 has the correct output of 4 levels, then move to 
TPI08 and check in a similar manner for the con'ect output of 4 levels. If 
they are present, move to TPI09 and check it for 4 levels. The trouble is 
localized to a particular group of 3 counters when a test point output is 
obtained which does not have 4 levels. 

Listed below are the four test points and the particular counters assoc­
iated with each. 
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TPl07 
TPIOS 
TPI09 
TPllO 

•••••••••• 
•••••••••• 
•••••••••• .......... 

3rd, 
5th, 
7th, 
9th, 

4th and 5th counters 
6th and 7th counters 
tlth and 9th counters 
lOth and 11th counters 



TPI07 OUTPUT 

A 
CORRECT 

(4 LEVEL WAVEFORM) 

I I 

- I st LEVEL 

2nd LEVEL 

3rd LEVEL 

- 4th LEVEL 

B 

I I 
I I 
I I 

~I - -1st LEVEL 
I 

5th COUNTER BAD 
(ONLY 3 LEVELS) 

C 
4 th COUNTER BAD 

I 

I 

J 
I 
I 
I 

- 2nd LEVEL 

-3rd LEVEL 

-I sl LEVEL 

(ONLY 2 LEVELS J ~- 2nd LEVEL 

Flgu~e 30 
USE OF TP107. TPI08. TPI09 a TPIIO 

TO LOCATE TUBE FAILURE 

21.3 TROUBLE SHOOTING CHART FOR TIME DIFFERENCE ACCURACY 

It' troubles should occur in the delay system and consequently, the 
ti.ITe di!ference reading becomes inaccurate, Chart II will be very useful 
in finding and correcting any such deficiencies. 

21.4 IDENTIFICATION OF PARTS 

Most of the resistors, capacitors, diodes, etc. used in the Indica­
tor-Receiver unit are mounted on terminal boards, and as an aid in trouble 
shootins drawings D-175 and D-176 (found at the back of this book) should 
be consulted. These drawings show the seven main terminal boards of this 
unit and identify all parts on these boards. In addition, the voltages 
at all terminals are given. 
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21.5 TUBE VOLTAGES 

Another aid in trouble shooting is Chart V which lists the voltages at 
the pins of all tubes found in the Indicator and Receiver. 

21.6 SUM1ARY 

There are several important rules which must be followed in order to 
quick13. economical13 and e£fective13 repair and maintain the LR-tJ803 Loran 
equipment. They are as follows: 
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1. Understand the basic principles of the Loran navigational 
system. 

2. Understand the LR-tJ803 circuitry. 

3. Use the proper test equipment. A TS-2S1!UP Loran Pulser 
and a good oscilloscope are absolute13 imperative for the 
important LR-8803 alignment procedures. 

4. Always follow the directions in Chart II when trouble 
shooting or aligning the delay system. 

S. Never retune or adjust circuits until absolute13 con­
vinced that such a need exists. 



CHART IV. TEST WAVEFORMS 

PANEL CONTROLS SET AS FOLLOWS EXCEPT WHERE OTHER-

= " HO
II 

TIME DIFFERENCE DIAL = " 00000 ,uSEC" 

• It I"' IN AFC - OUT DRIFT = "OUT DRIFT" 

= 115" INTERFERENCE REDUCER = "OFF" 

= "0" LOCAL - DISTANT • .. DISTANT" 

= .. I" 

I. WAVEFORMS SHOW AVERAGE PEAK TO PEAK REAOING 

2. WHEN VIEWING FULL REPITITION RATE WAVEFORMS, USE EXT SYNC FROM TPI03 
IF POSSIBLE 

VIOl PIN 5 
V (APPROX) PEAK-PEAK 
P AMPLITUDE CHANGES 
HTLY WITH DRIFT KNOB 

SETTING) 

r- 12.5 c--I 
I jiSEC I 

80 KC CLIPPER 
VI03 PIN I 

20V PEAK-PEAK 

80 KC OSC 
VI02 PIN I, TPIOI 

100 V (APPROX) PEAK-PEAK 

(P-P AMPLITUDE CHANGES 
SLIGHTLY WITH DRIFT KNOB 

SETTING) 

1st COUNTER 
VI04 PIN 6 

60 V PEAK - PEAK 
(VARIES WITH COUNTER BIAS 

SETTING) 

RINGER 
VI02 PIN 6 

95 V PEAK - PEAK 

6th COUNTER 
VI09 PIN6 

60 V PEAK - PEAK 
(VARIES WITH COUNTER BIAS 

SETTING) 
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TRACE SEPARATION 
51028-3 OR C209 

160 V PEAK - PEAK 

SWEEP GEN 
VI45 PIN 5 

200 V PEAK - PEAK 

(FUNCTION 2) 

SWEEP INVERTER 
VI44 PIN 6 

150V PEAK-PEAK 
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---I 30,000 tJ SEC 

SLAVE 

MASTER 

TRACE SEPARATION 
S1028-3 OR C209 

130 v PEAK- PEAK 

(FUNCTION 21 

PEDESTAL GEN 
VI43 PIN 2 

10 V PEAK - PEAK 

SWEEP INVERTER 
VI44 PIN 6 

150 V PEAK - PEAK 

(FUNCTION 21 

(WITH ARM AT EITHER 

R217 
10 V 

I I 15,000 
~ j.lSEC 

PRR RESET GEN 
V 116 PINS 2,5 Ilo 7 

150 V PEAK - PEAK 

RINGER 
VI02 PIN 7 

80 V PEAK - PEAK 

(LEFT-RIGHT IN LEFT 




