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CHAPTER 1 

INTRODUCTION 

1. PURPOSE AND SCOPE 

a. Purpose. The purpose of this instructional text is to provide a source of reference 
material for the technical maintenance of the AN/TPS-1G. 

b. Scope. This text covers the technical operation of the indicator unit. 

2. REFERENCES 

The AN/TPS-1G Troubleshooting Manual is a basic reference for this text. 
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CHAPTER 2 

BLOCK DIAGRAM OF THE INDICATOR SYSTEM, 
CATHODE-RAY TUBE OPERATION 

Section I. INTRODUCTION 

3.  FUNCTIONS 

The range-azimuth indicator unit (fig 1) provides a means of determining visually the 
range and azimuth of a target by two cathode-ray tubes on which target intelligence is 
displayed. Al l  components necessary for  developing the sweep voltages, range markers ,  
strobe marker ,  and high operating voltages for  the oscilloscopes are contained in the 
indicator unit. In addition, the unit contains the mixer stages for  mixing normal o r  gated 
MTI radar  video signals and IFF video signals displayed by the scopes. The two scopes 
used for presentation of data a r e  the A-scope, which displays range only and i s  usually 
referred to as the range scope, and the plan position indicator (PPI), which indicates both 
range and azimuth. The trigger for  the sweep and range marker  circuits i s  a positive pulse 
from the pulse transformer that is located in the transmitter. Since the trigger originates 
at the same time the magnetron fires, o r  a t  radar  time zero, accurate ranging of targets 
can be obtained. In reference to range, nautical miles are the units of measure used with 
the AN/TPS-lG, and "miles" in the text will always be read "nautical miles." Also, when 
referring to scope presentation, the view of the screen is from the outside front of the 
scope as the operator sees it. 

Figure 1. Indicator. 
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4. A-SCOPE 

a.  The A-scope is  commonly referred to as the range scope because only slant range 
is  displayed upon its face. It is a 5-inch, horizontal-sweep oscilloscope that uses electro- 
static deflection (fig 2(1)). Electrostatic deflection provides a sweep that is the result of 
the movement of a stream of electrons across the face of the scope from left to right, At 
the instant the magnetron fires, the trigger from the pulse transformer initiates sweep 
circuits that start  the sweep across the scope face at a speed that will give accurate rang- 
ing to the received target returns. A s  they a r e  deflected across the face of the scope, 
the stream of electrons causes a horizontal line to appear due to the high persistency 
of the scope face. The return of the electron beam to the left side of the scope cannot be 
seen because a blanking voltage is applied to the control grid of the A-scope. The beginning 
of the sweep, which is to the left, represents zero range. The entire baseline can be 
changed to represent 20, 40, 80, or  160 nautical miles. In the EXPAND position, the 
sweep deflection originates from the strobe marker. This sweep deflection is a constant 
10-nautical-mile display covering the entire sweep of the A-scope. This display can be 
adjusted by the strobe position to present any 10-mile section from 10 to 160 miles a s  
displayed on the PPI. Since only 10 miles of range a re  shown on the A-scope, a range 
strobe displayed on the PPI is  used to determine the position of this 10-mile range. The 
range strobe represents the beginning of the 10-mile sweep displayed on the A-scope: that 
is, if the strobe appears at 75 miles on the PPI, the sweep on the A-scope will start at 
75 miles and extend to 85 miles. The left-to-right deflection of the sweep is dependent 
upon two horizontal deflection plates within the tube. 

b. The positive range markers and video signals a r e  applied to the top vertical deflection 
plate and appear as positive pips on the horizontal sweep. The range markers appear at 
5-mile intervals on the EXPAND, 20 and 40 nautical mile sweeps, and at 25-mile intervals 
on the 80 and 160 nautical mile sweeps. The range to a target can be determined by com- 
paring the position of the target pip to the range markers. There is no way of determining 
azimuth from this type of presentation even though the returns that appear on the baseline 
at any one time do represent the azimuth of the antenna. 

A-SCOPE 

Figure 2. A - scope and PPI presentation. 
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5. PPI 

The PPI (fig 2(2)) i s  a 10-inch cathode-ray tube that employs electromagnetic deflection 
of its sweep. The sweep s tar ts  at the center of the scope in the form of a radial line that 
increases in range a s  the sweep moves outward from the center. A deflection coil that 
produces a magnetic field enables the electron s t ream to move from the center to the out- 
side of the screen. The sweep ranges of the baseline are 20, 40, 80, o r  160 nautical miles. 
The deflection coil i s  rotated around the body of the tube in synchronism with the antenna 
rotation, therefore the radial baseline will rotate. The position of the radial sweep at  any 
instant of time indicates the exact azimuth at which the antenna i s  pointed and azimuth 
resolution is made possible. Target video returns, range strobe marker ,  and range 
markers  appear on the radial sweep and a r e  indicated on the scope face by intensity modu- 
lation that pers is ts  for  a few seconds enabling better video viewing. Range markers a r e  
spaced at 5 miles for  the 20- and 40-mile sweeps and 25 miles for the 80- and 160-mile 
sweeps. The strobe marker ,  which appears a s  a dot on the radial sweep, is variable in 
range from 10 to 160 nautical miles. It is used to select any 10-mile interval of range 
that i s  to be displayed across  the full  width of the A-scope screen. 

Section 11. BLOCK DIAGRAM OF THE INDICATOR 

6. A -SCOPE SWEEP CHANNEL 

a. Sweep multivibrator V622. The A-scope sweep multivibrator V622 is a start-stop 
multivibrator that is triggered by the positive trigger from the pulse transformer (fig 3(1)) 
when the A-scope range selector switch S609A is set for  20, 40, 80, o r  160 nautical miles. 
It i s  triggered by a positive trigger from the strobe multivibrator (fig 3(18)) when the 
RANGE SELECTOR switch S609A is  in the EXPAND position. The output of V622 i s  two 
square waves, 180" out of phase, with the trailing edges variable in time. The variable 
trailing edges determine the length of the output square waves. The square waves act a s  
gates, and their time duration determines the length of the sweeps. The negative output 
square wave (fig 3(3)) will produce a lo-,  20-, 40-, SO-, or  160-mile sweep depending 
upon its duration. The positive output square wave from the B-section (fig 3(2)) i s  applied to 
the control grid of the A-scope for unblanking the scope. From the A-section of the multi- 
vibrator, the negative square wave is applied to the sweep generator V623. 

b. DC res torer  V604B. The dc res torer  V604B maintains the same charge on the 
selected range condensers for  each time multivibrator V622 is triggered. This insures 
constant gate sweep lengths and stability of the sweep circuits for  successive sweeps. 

c. Sweep generator V623. The negative square wave from the sweep multivibrator i s  
the input to  the control grid of the sweep generator V623. It holds the stage at  cutoff for the 
duration of the negative gate. While the tube is cut  off, the output of the stage becomes a 
positive sawtooth voltage waveform of the proper pattern for producing deflection on the 
scope (fig 3(4)). 

d. Sweep-inverter amplifier V624. The positive-going sawtooth voltage signal from the 
sweep generator is applied to a push-pull amplifier V624. This stage provides two sawtooth 
outputs 180" out of phase (figs 3(5)  and 3(6)). The negative output from the A-section is 
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Figure 3. Indicator waveforms. 
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. 
applied to the left horizontal deflection plate; the positive output from the B-section to the. 
right horizontal deflection plate of A-scope V625. This application gives a push-pull deflec- 
tion to the electron beam of the range scope to keep the deflection sensitivity constant over the 
the entire range. 

7. PPI SWEEP CHANNEL 

a. Sweep multivibrator V603. The PPI sweep multivibrator V603 i s  a start-stop multi- 
vibrator that i s  always triggered by the same positive pulse from the pulse transformer 
that triggered the A-scope sweep channel (fig 3(1)). Its output, after being triggered, is 
two square waves that are 180° out of phase with trailing edges, and variable in time, to 
represent the sweep lengths of 20, 40, 80, o r  160 nautical miles. The negative square 
wave from the A-section (fig 3(8)) is applied to the control grid of the PPI sweep generator 
V605; the positive square wave from the B-section (fig 3(7)) is applied to the PPI control grid 
to unblank the scope. 

b. DC res torer  V604A. The dc res torer  V604A maintains the same charge on the selected 
range condensers for  each time the multivibrator V603 is triggered. This insures constant 
gate sweep lengths and stability of the sweep circuits for  successive sweeps. 

c. Sweep generator V605. The sweep generator V605 i s  cut off by the negative square 
wave output from the sweep multivibrator. During the time that the tube is cu t  off, the stage 
produces at  its output a positive-going sawtooth voltage (fig 3(9)). 

d. Sweep amplifier V606. The positive-going sawtooth voltage from fie sweep generator 
i s  applied to the voltage amplifier V606, which contains two stages of amplification. The 
output of V606 is a positive-going voltage that i s  applied to the power amplifier V608. 

e. Power sweep amplifier V608. The sweep amplifier V608 i s  a power amplifier with its 
output connected to the deflection coil of the PPI. The positive signal from V606 is applied 
to  the control grid of the power amplifier, and a negative feedback circuit that modifies the 
sawtooth output of V605 so that it i s  changed to a trapezoidal form when applied to the grid 
of V608, i s  connected between V608 and V606. The step in the negative trapezoidal voltage 
(fig 3(10)) applied to the deflection coil i s  necessary so that a sawtooth current due to the 
overcoming of the inductance in the coil will result. The sawtooth of current through the 
deflection coil produces the radial baseline from the center of the PPI. 

* 

f. DC res torer  V607A. The dc res torer  V607A holds the grid of the power sweep ampli- 
f ier  V608 at a cutoff potential. The trapezoidal voltage applied at the grid overrides this 
bias bringing V608 out of cutoff and producing a sawtooth of current through V608 and the 
deflection coil. At  all other times, the cutoff bias prevents any current conduction o r  
fields in the deflection coil; thus insuring that the PPI sweep will always begin at the center 
of the screen. 

8. RANGE MARKER CHANNEL 

a.  Range marker  multivibrator V614. Multivibrator V614 is triggered by the same positive 
pulse from the pulse transformer that i s  used to trigger the sweep channels (fig 3(1)). The 
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output of the marker  gate generator is a negative-going square wave with a width (gate 
length) that is variable in time to make sure that a sufficient number of range marks a r e  
produced for  all ranges (fig 3(11)). 

b. Range marker  oscillator V615. The negative square wave from the marker  multivi- 
brator i s  applied a s  a gate to the marker  oscillator V615 and activates the oscillator. When 
the tube is t u t  off by the gate, oscillations a r e  produced at a frequency slightly over 16 kc 
so that the resultant range marks will represeot 5-mile intervals (fig 3(12)). With the nega- 
tive half-cycles of each oscillation being used, the f i rs t  marker  occurs a t  the same time 
that the magnetron fires, and sustained oscillations continue for  sweep ranges up to 160 
nautical miles. 

c. Range marker amplifier V616A. The range marker  amplifier V616 receives the out- 
put oscillations from the marker  oscillator V615. It steepens the leading edges of the 
oscillations before they are applied to the 5-mile blocking oscillator V616B and V617A. 

d. 5-mile blocking oscillator V616B and V617A. The positive and negative oscillations 
a r e  the input to the grid of V616B; the output i s  positive pulses that are coupled to V617A 
through transformer action. The pulses are shaped and amplified by the action of V617A 
to produce range markers  at 5-mile intervals, which are used with the 20- and 40-mile 
sweeps. There a re  two positive outputs and one negative output with 5-mile intervals 
between pulses from the stage of V617A. The outputs are applied to the following: 

(1) A-scope video and marker mixer V619 (fig 3(14)). 

(2) PPI video and marker mixer V602 (fig 3(13)). 

(3) 25-mile blocking oscillator driver, V617B (fig 3(14)). 

e. 25-mile blocking oscillator V617B and V618B. The 25-mile blocking oscillator V617B 
and V618B is  a 5-to-1 countdown circuit that i s  triggered by an output from the 5-mile _ -  
blocking oscillator. The f i rs t  input trigger, a 5-mile range marker, will give an output 
from the 25-mile blocking oscillator, but the next output will occur when the fifth 5-mile 
marker  is received (fig 3(15) and (16)). The oscillator is held c u t  off during the intervening 
markers  between the first and fifth markers  by a negative charge which i s  formed in the 
grid circuit of V618B. The negative charge leaks off slowly and remains negative long 
enough to hold V618B cut off until each fifth 5-mile marker is applied. With this countdown, 
25-mile markers  which are positive pulses at the cathode (fig 2(15)) and are used for  the 
80- and 160-mile sweeps when displayed on the A-scope, are produced by V618B. The out- 
put to the PPI i s  negative off the plate (fig 3(16)) of V618B. 

f .  DC res torer  V618A. The dc res torer  V618A clamps V618B at a cutoff potential so 
that introduction of each fifth trigger from the 5-mile blocking oscillator is necessary 
before V618B will operate. Af t e r  conduction of V618B and production of a 25-mile range 
mark, the dc res torer  is c u t  off by a negative charge on the grid of the oscillator. With the 
dc res torer  cu t  off, a long time-constant discharge path is in the grid circuit so that no 
further 5-mile trigger inputs will induce conduction. This condition will las t  until the 
charge has leaked off or  about the time of the fifth input trigger. 
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9 .  STROBE CHANNEL 

a .  Strobe multivibrator V621. The strobe multivibrator V621 is a start-stop multivi- 
brator triggered by the trigger pulse from the pulse transformer (fig 3(1)). The output i s  
a negative square wave with a trailing edge that is varied in time by the time constants of 
the multivibrator (fig 3(17)). The negative square wave i s  peaked with the positive peak 
corresponding to the previously variable trailing edge. Therefore, the positive peak i s  
variable in time. The output of the strobe multivibrator i s  always applied to the PPI video 
channel through the strobe blocking oscillator V613. When the SWEEP SELECTOR S609A is  
in the EXPAND position, the peaked positive output i s  a lso applied to the A-scope sweep 
multivibrator V622 as a trigger. The sweep of the A-scope i s  started at  a time correspond- 
ing to the variable positive peak that also represents the position of the range strobe 
marker on the PPI (fig 3(18)). 

b. Strobe blocking oscillator V613. The negative and positive pulses from the strobe 
multivibrator a r e  the input to the strobe blocking oscillator V613. The fixed negative 
peaks have no effect on the blocking oscillator because it is cut  off in the quiescent state; 
however, the variable positive peak causes V613 to conduct. The negative strobe marker  
output of V613 i s  fed into IFF -STROBE mixer V601. F o r  each sweep that is produced by 
the PPI sweep channel, one strobe marker i s  generated and displayed upon the sweep. 

c. IFF-STROBE mixer V601. The IFF-STROBE mixer V601 has the positive IFF video 
and the negative strobe marker  as its inputs. The stage mixes the signals obtaining a 
negative polarity at the output so the signals can be applied directly to the cathode of the 
PPI . 
10. VIDEO CHANNEL 

The video channel is covered in detail in the AN/TPS- lG receiver system text. Fo r  
further reference other than a block diagram discussion, consult the receiver text, 
ST 44-188-4G. 

a. Video amplifiers V611 and V612A. The positive video pulses from the signal compa- 
ra tor  are amplified by the f i rs t  video amplifier in the indicator V611. The positive output 
of V611 is coupled to a cathode follower V612A. From the cathode follower, positive video 
pulses a re  applied to the PPI video and range marker mixer V602 and the A-scope video 
amplifier V619. 

b. A-scope video amplifiers V619 and V612B. The A-scope video amplifier has two 
inputs, positive radar  video and range marks. The output of V619 is a negative pulse for  
each range marker o r  video signal, with the output applied to V612B. V612B in turn 
amplifies and inverts the signals so that the output i s  positive in polarity. From the ampli- 
fier the positive video and markers  a re  applied to the top deflection plate of the range scope 
V625. 

c. PPI video circuit V601 and V602. The PPI video circuit i s  a two-stage mixer, V601 
acting as the IFF video and strobe mark mixer and V602 acting a s  radar  video and range 
mark mixer. The two tubes have a common plate load and a common output so that all 
four types of signals may be combined. Regardless of whether the video originates at 
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V601 or V602, the polarity at the common output will be negative. The negative output of 
V601 and V602 is the input to the PPI cathode where it produces intensity modulation of the PPI. 

Section III. A-SCOPE OPERATION 

11. GENERAL 

a. The A-scan radar display (fig 4) presents range information of detected target signals. 
It uses a 5CPlA electrostatic oscilloscope with a 5-inch horizontal sweep across the scope 
face. The sweep length is calibrated in nautical miles for raning of the targets from the 
radar antenna. Target echo signals are applied to the scope in such a manner that a deflec- 
tion modulation is obtained on the horizontal baseline. The degree of the positive deflection, 
pip size, also provides information about the size, shape, and nature of the detected target. 
The cutaway view of the A-scope (fig 4) should be followed when reading the A-scope 
discussion. 

b. The electrons a re  emitted from an indirectly heated cathode surface and formed into a 
beam by passage through an aperture at the end of a cylinder that is  placed over the cathode 
to serve a s  the control grid. The electrons emitted from the cathode pass between the 
focusing anodes. The first anode has a high negative potential in respect to ground, but is 
positive in respect to the cathode. The second anode is at a positive potential in respect to 
both ground and cathode. A s  the electrons pass through the strong electrostatic field 
between the two anodes, they are focused into a converging beam which comes to a point on 
the scope face. The beam of electrons next passes between two vertical deflection plates with 
the video and range markers applied as positive signals to the top plate. This deflects the 
electrons upward whenever video signals a r e  applied. The lower deflection plate is  tied to 
an adjustable dc potential for vertical positioning of the baseline. The electron beam is 
caused to move at a horizontal linear rate by the potentials that are placed on the horizontal 
deflection plates. A negative sawtooth voltage is applied to the left deflection plate and at 
the same time a positive sawtooth voltage is applied to the right deflection plate. The saw- 
tooth voltages begin when the transmitter fires and end after the time interval required to 
detect an object at the maximum or  desired range of the radar system. These deflection 
voltages cause the beam of electrons to sweep across the screen from Left to right: the 
negative voltage gives a push action, the positive voltage a pull action on the beam. The 
horizontal sweep is made to move at a linear rate with equal distances corresponding to 
equal time intervals after the transmitter fires. After the beam of electrons passes the 
horizontal deflection plates, it continues until it strikes the face of the scope. An aquadag 
voltage, highly positive, is  placed on a coating to the r ea r  of the screen and removes 
electrons caused by secondary emission. 

12. MEASUREMENT OF RANGE 

a. In order to measure range along the horizontal baseline on the A-scope screen and the 
radial sweep of the PPI screen, the electron stream is made to deflect at a linear rate to 
produce an accurate time base. It is known that rf energy velocity is  slightly over 186,000 
statute miles per second. Since 1 nautical mile is equal to 1.1516 statute miles, rf energy 
will travel 1 nautical mile in 6.19 microseconds. The nautical mile is used because it i s  
more convenient for the Army and Air Force plotting systems. Because the energy must 
travel to a target and return to the radar, a target that is 1 nautical mile from the radar 
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FIRST FOCUSING ANODE TOP VERTICAL DEFLECTION 
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t300 t o  122 VOLTS 

Figure 4. Cutaway view of A-scope. 

will require 12.38 microseconds to detect the target after the transmitter fires. The sweep 
on the presentation screen must be calibrated so that under the above conditions it will 
have moved fo r  12.38 microseconds to the point on the baseline representing the time taken 
by the transmitted pulse to reach the target one mile away and return. If the 5-inch A-scope 
sweep i s  to represent 10, 20, 40, 80, and 160 nautical miles, it must last for  the five 
different time durations shown below. 

Sweep Display Sweep Duration 

(1) 10 nautical miles 123.8 microseconds 

(2) 20 nautical miles 247.6 microseconds 

(3) 40 nautical miles 495.2 microseconds 

(4) 80 nautical miles 990.4 microseconds 

(5) 160 nautical miles 1,980.8 microseconds 

b. It is imperative that any point on the sweep, regardless of the total sweep range, be 
equal in proportion to  and representative of the exact time elapsed after the transmitter is 
fired. This requirement can be met with a sawtooth voltage whose rising amplitude causes 
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the sweep to move slowly and linearly from left to right, In figure 5, the sawtooth voltage 
waveform and the A-scope time baseline a re  illustrated. At point A on the sawtooth voltage, 
the sweep on the screen is at the extreme left. A s  the voltage linearly increases, the base- 
line is moved from A to B due to the increased voltage from A to B. Notice that for each 
increase in voltage, a similar step occurs along the baseline making the voltage changes 
from A to B, B to C, C to D, and D to E equal and corresponding to the resultant changes 
in the A-scope baseline. To increase the total sweep duration, there must be an increase 
in the elapsed time after the sweep starts as well  as a decreased slope in the sawtooth 
voltage, but the end resultant of the maximum voltage amplitude remains the same for all 
sweep lengths. The total amount of sawtooth voltage that can be applied is limited to the 
amount that will drive the sweep to the extreme right edge of the screen. Therefore, to 
increase the total sweep duration from one range to another, a s  is  actually accomplished 
when the sweep ranges are changed from 10, 20, 40, 80, o r  160 miles, the rise rate of the 
sawtooth voltage must decrease so that the maximum voltage point, point E,  will always 
remain the same. If the rise in the voltage is not linear, irregular time intervals will 
exist along the time base. If the total baseline in figure 5 represented 20 miles, the time 
base can be calibrated with range markers by placing them at points A ,  B, C, D, and E, 
each divided interval equaling 5 miles. A t  point E, where the voltage drops back to zero, 
the baseline ends, and a flyback in the sweep to the left is made very rapidly. A t  the begin- 
ning of the next sawtooth voltage and transmitter firing, the complete operation starts at the 
identical time again. The sawtooth voltage is applied to the horizontal deflection plates in 
order to obtain a horizontal baseline. 

SAWTOOTH VOLTAGE WAVEFORM RESULTANT A-SCOPE BASELINE 

Figure 5. Generation of the A-scope baseline. 

13. CATHODE CIRCUIT 

The cathode, pin 2, is tied to the filaments, pins 1 and 14, to provide heating of the 
cathode and prevent arcing between the cathode and filament. The thermal agitation of the 
oxides that form the coating on the cathode results in the emission of a large quantity of 
electrons from the cathode surface known a s  the space charge. The quantity of electrons 
that are emitted from the cathode is varied by INTENSITY control R1693, which regulates 
the negative voltage potential on the cathode. This control varies the cathode voltage 
from the limits of approximately -1,380 volts to -1,470 volts by the use of the voltage 
divider network R1692 through R1698. Since the cathode is connected to the filament, the 
filament voltage of 6.3 volts ac rides at the same dc level as the cathode. This filament 
voltage is taken across the secondary windings, terminals 7 and 8 of the indicator filament 
transformer T605. A s  the cathode emits electrons, the electrons from the space charge 
are attracted to the fluorescent screen because of the high potential that exists toward the 
front of the CRT. 
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14. CONTROL GRID 

The control grid, pin 3, is tied to the negative 1,500-volt supply through a coupling 
resistor R169 and to the A-scope multivibrator V622B through C661. With no positive 
square wave signal applied from the multivibrator, there is  no voltage dropped across 
R1691, and the control grid is  at a negative 1,500 volts. When the positive unblanking 
pulse from the multivibrator is applied during each sweep, this positive voltage is coupled 
across (2661 and applied to the control grid, decreasing its bias and controlling the number 
of electrons in the space charge during the length of the positive gate. The more positive 
the grid becomes, the more electrons there will be in the electron beam. A s  in an ordinary 
vacuum tube, the charge on the grid may be made so negative in respect to the cathode that 
the beam current is completely eliminated by adjusting the cathode to a greater positive 
potential in respect to the control grid with INTENSITY control R1693. 

15. FOCUSING ANODES 

a.  The first focusing anode, pin 5, determines the point where the electron beam will 
be brought into focus. The voltage on the anode is made to vary from -856 volts to 
-1,170 volts by the FOCUS control R1696. The focus control sets the potential on the 
anode; therefore, it determines the strength of the electrostatic field between the first and 
second anodes, which a re  open cylinders about the axis of the tube. 

b. The second anode, pin 9, is at a variable positive potential from 112 to 300 volts, 
which is controlled by the ASTIGMATISM control R1689. The positive potential of the 
second anode should be set to equal the same potential a s  the average deflection plate voltage. 
The equal potentials eliminate the effect of electrostatic fields between the focusing anodes 
and the deflection plates, which would defocus the electron beam. 

c. The aperture at the end of the control grid forms the electron stream into a broad beam 
going through the focusing anodes. The strong negative potential on the first  anode and the 
positive potential on the second anode set up a strong electrostatic field between the anodes. 
Any electron going directly through the center of the anodes travels along the axis of zero 
electrostatic field and is directed to the center of the cathode-ray tube face. The electron 
paths not directly in the center of the field cross lines of force, causing them to bend so 
that their paths converge at a focal point with the path of the center electrons. The correct- 
ing action of the electrostatic field upon the electron path is shown in figure 6, where the 
electron beams converge at the scope face. Thus all the electron paths will be bent to meet 
the center beam at the same focal point, which must be at the face of the scope for proper 

SECOND ANODE 

I 
k k k k 4 k  
ELECTROSTATIC FIELD 

Figure 6. Effect on electron beam by the electrostatic field. 
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focusing. The FOCUS control R1696 is set to control the electrostatic field that determines 
the point of focus. If the electrostatic field is too strong, the focal point occurs nearer the 
anodes, putting it behind the scope face (fig 6). This is the case with the first anode at a 
greater negative potential than for proper focusing. 
the opposite conditions of potentials and focal point will  exist. 

If the electrostatic field is  too weak, 

16. DEFLECTION PLATES 

a .  The stream of electrons, after being accelerated and focused by the first and second 
anodes, passes the vertical and horizontal deflection plates, respectively (fig 7). Since 
the deflection plates exert the same amount of deflection on all electrons, there is  no 
effect on the focusing. The bottom vertical plate, pin 8, is connected to the VERTICAL 
CENTERING control R2601, which varies the positive potential on the plate from 112 to 
300 volts. This voltage enables the sweep baseline to be positioned vertically at the 
desired point on the screen. The top vertical plate, pin 7, has the radar video and range 
markers applied as  positive voltage signals. In the absence of the video or range markers, 
the electrostatic field is adjusted by the dc potential on the bottom deflection plate SO the 
electron beam is centered at A .  When either positive range markers o r  video is applied to 
the top plate, pin 7, an increased electrostatic field V1 occurs from the bottom to the top 
plate perpendicular to the electron stream V2 and causes the electrons to be deflected 
toward the plate with the higher positive potential, and the stream of electrons bends to 
cause an upward deflection of the sweep baseline toward B. The angle 8 increases from 0" 
as the voltage of the positive signals increases from a zero reference; the resulting presen- 
tation on the screen is a positive pip. The rate of the rise and fall of the electron beam is 
exactly equal to the rate of the r ise  and fall of the video or range marker signal. The 
amount of deflection is proportional to the amplitude of the applied positive signal. 

SCOPE FACE 
RANGE MARKS AND 
VIDEO-POSITIVE POTENTIAL 

ELECTRON BCAM 

PIN 8 

CENTERING POTENTIAL 

SIDE VIEW FRONT VIEW 

Figure 7, Vertical deflection of range markers. 

b. The horizontal deflection plates are positioned vertically in the cathode-ray tube 
(fig 8), causing the electron beam to be deflected from left to right on the scope face. In 
the absence of a sawtooth voltage being applied to the deflection plates, the electrostatic 
field between the left deflection plate, pin 11; and the right deflection plate, pin 10, is  
adjusted so the electron beam is positioned at the extreme left of the screen. This hori- 
zontal positioning is  a function of the HORIZONTAL CENTERING control R1687 in the 
A-scope sweep circuits. The A-scope sweep circuits generate two sawtooth voltages 
opposite in polarity but identical in starting time and amplitude. A s  the negative sawtooth 
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waveform input is applied to the left plate, pin 11, a positive sawtooth is applied to the 
right plate, pin 10. At points A and A1, the electron beam is at the left of the screen, Az.  
The negative voltage on the left plate and a positive voltage on the right plate give a push- 
pull action on the electron beam a s  the voltage is increased. The displacement of the 
electron beam is linear in time with a linear voltage change. A s  the voltage decreases on 
the left plate and increases on the right plate, the electron beam is  deflected to the right 
due to the change in the electrostatic field. Note the position of the electron beam when the 
voltage is at B and B1. The beam is at the center, Bz, of the screen with one-half the 
sweep voltages applied. The change in 6 is  equal to the change in voltage on the deflection 
plates. When the voltage has increased to points C and C1, the electron beam is moved 
completely to the right side, C2 of the scope face. Also, at points C and C1, the voltage 
drops back to its reference potential and the beam is retraced very rapidly to the left. It 
should be realized that the electron beam is merely a spot on the screen, but the recurrence 
of the sweep, about 400 times per second, the persistency of the screen, 1 second, and the 
persistency of the human eye combine to give the illusion of a continuous horizontal sweep. 
The purpose of C659 and C660 is to balance the coupling effect between the vertical and 
horizontal deflection plates so that the positive signals applied to the top vertical plate will 
be deflected entirely vertically and there will be no horizontal deflection component in the 
video-range marker presentation. If C659 is misadjusted, the video-range marker presen- 
tation will lean to the horizontal. 

\SCOPE FACE 

FRONT VIEW 

Figure 8. Horizontal deflection of the electron beam. 
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17. SCREEN AND AQUADAG 

The face of the scope is covered with willemite, a zinc orthosilicate that exhibits 
fluorescence when bombarded with a high-velocity electron stream, which means that the 
energy received by the coating is released in the form of light energy. In the case of 
willemite, the light energy is in the green part of the visible light spectrum, so this 
mineral exhibits the intelligence imparted to it by the electron stream a s  a green display. 
The visible light output decays to 1 percent of its initial value in approximately 50 milli- 
seconds after electron excitation ceases. The continued emission of visible light after 
bombardment has ceased is  known a s  phosphorescence. The screen of the scope tends to 
charge negatively when bombarded by electrons and would repel the approach of further 
electrons unless the scope screen is freed of negative charges. Also secondary emission 
takes place, which will create a space charge repelling and limiting further electron flow 
from the cathode. A collector, o r  aquadag, voltage of positive 1,500 volts is tied to a 
conducting coating of aquadag on the inside front of the tube near the screen, which collects 
the electrons caused by secondary emission. The aquadag prevents space charges and 
negative charges from building up on the screen, thus allowing the screen to continue to 
attract the electron beam. 

Section IV. PPI 

18. OVERALL FUNCTION 

a. The PPI V609 is a 10KP7 cathode-ray tube that employs electromagnetic deflection and 
focusing, which offers several advantages. A greater angle of deflection can be obtained 
with electromagnetic tubes, reducing the tube length and chassis size for the same sweep 
length. High anode potentials can be used to increase the screen brightness without intro- 
ducing the focusing difficulties of electrostatic tubes. Of utmost importance, the magnetic 
deflection coil can be mounted and rotated outside the tube for azimuth resolution without 
disturbing the proper sweep. The cutaway view of the PPI (fig 9) should be referred to in 
reading this section. 

b. The electron gun (fig 9) is  similar to that of the A-scope with elecrrons being emitted 
from an indirectly heated cathode surface. The emitted electrons are formed into a beam 
by passage through an aperture at the end of a cylinder, which serves as a control grid. 
The accelerating anode accelerates the stream of electrons from the control grid toward 
the screen of the scope. The electron beam is focused by an electromagnetic fielddeveloped 
by a focus coil located around the neck of the tube. This coil causes magnetic lines of force 
to form inside the tube. These magnetic lines of force act on the electrons and bend the 
electron paths much like the electrostatic field does, so that the focal point will be at the 
screen. The deflection of the electron beam by a deflection coil gives a radial line from 
the center of the screen, which is called electromagnetic deflection. The beam displays 
range data on the radial line and azimuth information by rotating the coil causing the radial 
line to turn. The deflection coil is moved in azimuth in synchronization with the rotation 
of the antenna. The range is  measured with a linear time baseline in the same manner as 
for the A-scope; however, a trapezoidal voltage with a step o r  jump is necessary to over- 
come the inductance of the deflection coil. After the first  step the voltage continues to 
rise linearly in amplitude. The resulting current waveform a s  well a s  the electromagnetic 
field increases at a linear rate the first instant the voltage is applied to the coil. The 
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electron beam, after being positioned by the electromagnetic field, s t r ikes  the screen and 
produces the PPI sweep. Intensity modulation may be introduced at  any point on the sweep, 
depending on the relative range. A high positive potential is used a s  an aquadag voltage for 
removing negative charges from the screen. 

FLUORESCENT SCREEN 

Figure 9. Cutaway view of the PPI. 

19. CATHODE AND FILAMENT 

a .  The cathode, pin 11, i s  indirectly heated by the filaments, pins 1 and 12, and is kept 
at a positive dc potential by the COARSE INTENSITY control R660A/B and INTENSITY control 
R659. The potential, which with both controls set  to their midpositions i s  approximately a 
positive 250 volts, also provides the dc level for  the 6.3 volts ac applied to the filament. 
The dc filament voltage is made the same as the cathode's to prevent arcing between the two 
elements within the tube. 

b. The radar  and IFF  video, the strobe marker, and the range marker  signals a r e  all 
applied to the cathode a s  negative potentials causing a greater  quantity of electrons to be 
emitted from the cathode than in the absence of the signals. The negative signals increase 
the number of electrons in the beam; therefore, when the beam reaches the scope face a 
spot of greater  intensity is observed on the sweep. The term intensity modulation refers to 
an increased intensity of the PPI, and the signals appear as intensified blips of light. 

20. CONTROL GRID 

The control grid, pin 2, controls the number of electrons in successive sweeps so that a 
baseline of uniform intensity will be obtained. It has  applied an unblanking signal, which is 
a positive gate with a time duration equal to the desired sweep length. The positive gate 

16 



intensifies the t race during the time that information is to be presented. When the gate is 
returned to its zero reference level, the re t race of the sweep will be blanked by the reduced 
potential on the control grid. 

21. FOCUS AND CENTERING COIL L602 (pins 1, 2, 3, 4, 5, and 6) 

a .  The electron beam is focused and centered by an electromagnetic field introduced by 
the FOCUS AND-CENTERING coil L602, located around the neck of the PPI. The electrical 
potential of the coil causes magnetic lines of force that act upon the electron stream to 
form inside the tube. An electron path going directly through the center of the magnetic 
field passes along the axis of zero field strength, so its path i s  not changed by the action of 
the focusing field (fig 10). A l l  electron paths not along this axis a r e  bent back toward the 
path of zero field strength by the electromagnetic field so that all beams will converge at  one 
spot on the screen (fig 10). The focal point is determined by the direct current flow through 
the focusing coil. If the electromagnetic field is too strong, the convergence point will be 
too short in relation to the scope'face; the opposite condition is t r u e  for  a weak field. 

,COIL WINDING 

SOFT IRON RING 

MAGNETIC FIELD 
CATHODE TUBE 

Figure 10. Electron beam focusing in the PPI tube. 

b. The focusing is accomplished by the 1-2 winding of coil L602. The path of current 
flow through the coil windings i s  from ground through R671, R670, focus tube V610, R664, 
R663, and the focus coil to the 450-volt supply. A vacuum tube i s  used in the circuit so that 
a small potentiometer, R671, can vary the focus coil current  adequately. Increasing the 
resistance of the FOCUS control R671 increases the positive cathode bias on V610. This 
increased bias on V610 reduces the current flow through the focus coil, thereby reducing the 
electromagnetic field. Thus, V610 acts a s  a grounded grid dc amplifier to augment the 
change in current introduced by a change in the value of R671. 

c. The electron beam is  centered by two centering coils, windings 3-4 and 5-6, which 
are physically part of the focusing coil assembly L602. The windings a re  placed so that 
their fields a re  at right angles. The field strength of the windings is determined by the 
direct current flow through them and i s  made variable by the PPI CENTERING resis tors  
R662 and R665. The current through the 3-4 winding is varied by R662 and through 5-6 
winding by R665. These potentiometers a r e  used to position the electron beam spot a t  the 
center of the screen under no deflection condition, and an incorrect setting will cause the 
sweep end to vary about the edge of the scope face with changes in azimuth. 
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22. DEFLECTION COIL L601 

a .  The deflection coil L601, composed of two windings with an  a i r  core, i s  mounted in a 
ring that fits about the neck of the PPI tube. The coil i s  connected between the plate of the 
PPI power amplifier V608 and the power supply voltage of 450 volts. It provides the plate 
load for V608, the current being applied through the coil with a brush and slipring 
arrangement. 

b. The deflection coil's opposition to the flow of current  is made up of inductance and 
resistance. The resistance is distributive across  the windings of the coil and not a lumped 
sum value, definitely not to include R657. The equivalent circuit is shown in figure 11. The 
current flow through the coil must cause the magnetic field to build up at  a linear ra te  to a 
value sufficient to cause the electron beam to move to the outside of the PPI in a radial 
pattern. Since the magnetic field strength varies directly with the current in the coil, any 
linear deflection of the spot requires a linear variation of the current through the coil. 
Because a sawtooth current is necessary to give accurate ranging, the voltage waveshape 
must be trapezoidal with the initial instantaneous r i se  called the jump voltage (fig ll(2)). 
The jump in the voltage is required to s ta r t  the current flow through the inductance of the 
coil. Af t e r  the jump voltage, the slow increase i s  the slope voltage, which continually com- 
pensates for  the drop across  the distributive resistance of the coil. The resulting current 
(fig l l(3)) i s  necessary to increase the magnetic field within the tube so the electron beam 
is  deflected for  ranging. 

I I 

APPLIED VOLTAGE 

(3) 

RESULTANT CURRENT ( 1 )  

Figure 11. Deflection coil and waveforms. 

c .  F o r  any sweep range, the ratio of the jump voltage to the slope voltage i s  the essential 
quantity for sawtooth current. Within the total sweep of 5 inches, there must be displayed 
sweep ranges of 20, 40, 80, and 160 nautical miles. For  the same physical sweep length to 
represent four different ranges of display, the trapezoidal voltage waveform, as well a s  the 
current, must change. For  a 20-mile sweep, the jump voltage must be much greater  than 
for  a 160-mile sweep because the current flow must be greater in respect to time (fig 12). 
Regardless of the sweep range, the same maximum current i s  required to deflect the 
electron beam to the outside of the scope face; therefore the current increases much faster 
for  a 20-mile sweep than for  a 160-mile sweep. The high jump voltage is necessary to 
overcome the inductive reactance of the coil, which i s  greater  for  the fast-current r i se  
time at the 20-mile sweep than it would be for  the slow-current r i se  time of the 160-mile 
sweep. The higher jump voltage enables the current to flow more rapidly for the shorter  
sweep. I t  must be realized for  the 20-mile sweep that when the current has increased to 
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one-half its maximum amount, the electron beam must be deflected over one-half its sweep 
length even though it now displays 10 miles o r  123.8 microseconds. However, under the 
same current condition for  the 160-mile sweep, the electron beam is  still deflected one- 
half its total sweep length, which i s  now 80 miles o r  990.4 microseconds. Notice that the 
current must r i se  fas ter  for  this short sweep range, thus the necessity of a higher jump 
voltage to give the faster  current r ise .  A s  the sweep range is decreased, the time rate  of 
current r i se  must be greater  than for  a long sweep range. Thus, for  the shorter sweep 
ranges the current must rise more rapidly in respect to time. The variations of the time 
ra te  of current do not affect the dc resistance of the coil, hence the slope voltage amplitude 
remains constant for  all sweep ranges. The same slope voltage amplitude must be the 
resultant at the end of the different sweep ranges, because the effect of the distributive 
resistance 01 the increasing current must be overcome to maintain a linear rise of current. 

/SWEEP VOKTAGE SWEEP VOLTAGE 

;RESULTING CURRENT ~ RESULTING CURRENT 

POMILE 150 MiLE 

Figure 12. Voltage and current waveform required 
for  20- and 160-mile sweep lengths. 

d. The sweep deflection from the center to the outside of the PPI screen can be seen in 
figure 13. The sawtooth current waveform is applied to the deflection coil at point A on the 
waveform, and the electron beam is at the center of the screen since no electromagnetic 
deflection is introduced. This is the condition of the electron beam before o r  a t  the time 
the transmitter f i res .  After the transmitter f i res ,  the trapezoidal voltage creates  a current 
flow, A to B, and the electron beam is slowly deflected to point B and on to points C, D, and 
E . A t  E the current flow stops and the electron beam retraces  to the center of the screen 
until the next sweep current starts with the following transmission. The shunt res is tor  
R657 provides a damping of the current when it drops back to its reference point to give an 
immediate re t race.  The deflection recurrence ra te  of the electron beam and the persist- 
ency of the screen (7 seconds) enable the physical display of the beam to appear as a contin- 
uous radial line. 

e. The deflection coil is mechanically rotated by a Selsyn motor B602, which causes the 
electromagnetic field to rotate within the tube. The rotation of the field causes the radial 
sweep to rotate in synchronization with the antenna to provide azimuth information. 

23. SCREEN AND AQUADAG VOLTAGE 

The fluorescent screen on the PPI is composed of two layers of screen material, the 
combination of which exhibits sustained phosphorescence of 7 seconds. The inner material 
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Figure 13. PPI sweep deflection. 

when bombarded by the electron beam fluoresces with an extremely blue light. The blue 
light excites the second layer, which responds with a highly persistent, visible yellow 
light. The aquadag has a positive 8,000 volts applied to remove secondary emission 
electrons that are reflected off the screen. It also provides an electrical and optical shield 
which prevents undesired deflection o r  defocusing of the electron beam. 

Section V. SUMMARY AND QUESTIONS 

24. SUMMARY 

a. A-scope. The A-scope presents a display of range only, a t  sweep ranges of 20, 40, 
80, o r  160 nautical miles on a 5-inch sweep length. A 10-mile EXPAND sweep of any sector 
of the PPI sweep from 10 to  160 miles can be viewed. The scope uses electrostatic deflection 
with a sawtooth voltage and current necessary for linear sweep and accurate ranging. The 
video and range markers  are displayed as positive signals along the horizontal baseline. 
The A-scope sweep circuits generate the unblanking and sweep voltage for  the proper oper- 
ation of the scope. 

b. PPI. The PPI uses electromagnetic deflection for sweep ranges of 20, 40, 80, o r  160 
nauticalmiles on a 5-inch sweep length. The sweep o r  time base is a radial line that begins 
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a t  zero range at the center of the screen and increases in range toward the outside. The 
radial sweep i s  rotated in synchronism with the antenna to  give azimuth resolution to targets. 
In electromagnetic deflection a trapezoidal voltage i s  required to give a sawtooth of current 
through the deflection coil. The linearly rising current flow increases the electromagnetic 
field and moves the sweep outward on the PPI screen for ranging. The range markers ,  IFF 
video, radar  video, and strobe marker  signals increase the number of electrons striking 
the scope face and give intensity modulation. 

c. Range markers  and strobe. Range markers  appear at 5-mile intervals on the A-scope 
and PPI with sweep ranges of either 20 o r  40 miles, and with the EXPAND sweep on the 
A-scope. With 80- o r  160-nautical mile sweep lengths, the range markers  appear a t  25- 
mile intervals. These markers  afford more accurate range determination than is possible 
with a solid baseline. The strobe marker  is variable in range from 10 to 160 nautical 
miles and i s  seen only on the PPI. The strobe initiates the EXPAND sweep for the A-scope; 
therefore, any 10-mile portion of the PPI sweep from 10 to 160 miles can be viewed on the 
A-scope, screen. 

25. QUESTIONS 

a .  What type of deflection is employed in the A-scope? PPI? 

b. What a r e  the voltage and current waveforms necessary for  a linear sweep on the 
A - scope? PPI? 

c. Why i s  a linear sweep necessary in ranging? 

d. How is  the EXPAND sweep originated and what is its full length? 

e. What are the variable limits of the strobe marker? 

f .  When a r e  the 5-mile range markers  used? The 25-mile markers? 

g. What is the effect on electron emission and presentation when the negative video, 
range markers ,  and strobe signals are applied to the PPI cathode? 

h. What is the polarity of the signals and their effect on the top vertical deflection plate 
of the A -scope? 

i. What i s  the purpose of the unblanking voltages for  the scopes? 

j.  With a 20-mile sweep length representing 5 inches, how far from the left must the 
electron beam be deflected to represent 5 miles (physically)? 

k. In order  to represent accurately a target at 30 nautical miles, how many microseconds 
are necessary in sweep circuits to range the target? 

1. Why is the jump voltage needed for electromagnetic (PPI) deflection? The slope 
voltage? 
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m. On the A-scope, if it takes 100 volts of maximum amplitude to give a 20-mile sweep 
length, how much voltage is required to give a 160-mile sweep length? 

n. Draw to scale the sweep voltage waveform for  the A-scope with sweep ranges of 20 
and 160 nautical miles. 

0 .  What data a r e  obtained from the A - scope and the PPI? 

p. How i s  focusing accomplished on the PPI? 

q. By increasing the resistance of the FOCUS control R671, will the focal point increase 
o r  decrease in distance from the cathode? 

r. What is the voltage on the cathode when the COARSE INTENSITY control R660A/B is 
set to midposition and the INTENSITY control R659 is set for minimum resistance (upward 
position)? I 

s. Why is aquadag voltage needed for  the scopes? 

t. What is the purpose of C6597 If misalined, what i s  the effect on presentation? 
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CHAPTER 3 

A-SCOPE AND PPI SWEEP AND STROBE MARKER CIRCUITS 

Section I. A-SCOPE SWEEP CHANNEL 

26. GENERAL 

a. The A-scope displays slant range information of target returns that enter the radar 
antenna. In order to display range accurately, sweep circuits that will  produce a horizontal 
baseline with correct graduations of range at any particular point on the sweep a re  necessary. 
Range baseline presentations are possible for a 20-, 40-, 80-, o r  160-nautical mile display 
when initiating the sweep circuits by the synchronizing trigger from the transmitter. A 
10-mile display of expanded range, variable between the limits of 10 to 160 nautical miles, 
is available when triggering the sweep circuits by the strobe marker. 

b. The PPI presents slant range and azimuth data of detected targets. The slant range 
baseline originates at the center of the screen and sweeps radially outward to increase 
range. The sweeping of the radial line from center to the outside of the screen is accom- 
plished by the sweep circuits that provide the deflecting voltages. The movement of the 
sweep in azimuth is synchronized by the antenna servosystem. 

c. The strobe marker gives greater accuracy in ranging by the expansion on the A-scope 
display. It is variable in range from 10 to 160 nautical miles and appears as an intensity- 
modulated spot on the PPI sweep baseline. The A-scope can be triggered from any particu- 
lar position of the strobe and will  display a 10-mile sweep length that begins at the range of 
the strobe marker. A s  the strobe position is changed, therefore, the beginning of the 
EXPAND sweep on the A-scope is varied in time, and the range about a target is expanded 
in its scale of presentation. 

27. A-SCOPE RANGE SELECTOR SWITCH S609 

a. The S-scope RANGE SELECTOR switch S609 is a 6-wafer switch with A, B, C, D, E ,  
and F sections. The purpose of the complete switch is to change the appropriate circuit 
constants in the sweep channel to produce the correct sweeps for the 10, 20, 40, 80, and 
160 nautical miles of display. 

b. The wafer section of S609A selects the input trigger for the A-scope gate multivibra- 
tor V622. The 20-, 40-, SO-,  and 160-mile positions a re  connected, and in these settings, 
the trigger comes directly from the pulse transformer T502 in the transmitter unit. When 
S609A is in the EXPAND position, the multivibrator is triggered by the positive-going trail- 
ing edge of the differentiated square wave output from the strobe delay multivibrator V621. 

c. S609B section selects the proper plate load for V622B to give the desired amplitude 
of the positive-going square wave for the proper unblanking voltage to the scope. S609C 
applies the correct capacitance to the grid circuit of V622B to set the time constants of the 
multivibrator for the various gate lengths. S609D selects the capacitance for the plate 
circuit of the sweep generator V623, which determines the rate of slope rise in the output 
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voltage and the deflection speed of the horizontal sweep across the scope face. S609E and 
S609F provide the switching arrangement for the selection of the 5- o r  25-mile range 
markers for the A-scope. 

28. A-SCOPE SWEEP MLJLTIVIBRATOR V622 

a. The positive trigger from the pulse transformer (fig 15(1)) is approximately 100 volts 
in amplitude, 2 microseconds in duration, and occurs for each transmission. The second- 
ary winding in the pulse transformer takes off the trigger pulse at the same time the mag- 
netron is  pulsed, and the pulse is cabled to the indicator where it is applied across a 
voltage divider consisting of R680 and R681. The output to trigger the sweep channel, 
which is taken across R681, is one-eighth the amplitude of the original signal or approxi- 
mately 13 volts. This reduced trigger is coupled to the PPI sweep multivibrator V603, the 
range mark gate multivibrator V614, and the strobe delay multivibrator V621. It is also 
used to trigger the A-sweep multivibrator V622 when S609A is set in the 20-, 40-, 80-, or  
160-mile positions. 

b. The A-scope sweep multivibrator is triggered by the positive trigger from either the 
pulse transformer o r  the strobe multivibrator depending upon the position of S609A. The 
outputs are  two square waves, 180" out of phase, with the leading edges of both square 
waves always occurring at the time that the multivibrator is triggered (figs 15(2) and 15(3)). 
The time for the trailing edges of both waves can be changed by S609C, which changes the 
time constant of the multivibrator circuits to the correct time value for the selected sweep 
range. The leading edges of the waves start the sweep on the screen and the trailing edges 
terminate the sweep. The length of the wave from the leading to the trailing edge is known 
as  the gate length. These voltage waves start and stop, or  gate, the length of time that 
the sweep circuits will  operate. The positive square wave (fig 15(3)) is  applied to the 
control grid of the range scope and gates the length of time the scope will conduct. The 
negative square wave (fig 15(2)) is applied to the sweep generator V623 and gates the 
length of time that the sweep generator will generate a sawtooth. Since the gate lengths 
of the positive and negative square waves are  identical, the scope only conducts during the 
time of the sweep, being blanked out during the retrace time until the recurrence of another 
sweep. On the 20-, 40-, SO-, or  160-mile positions of S609, the sweep gate starts with 
the firing of the transmitter. On the EXPAND position of S609A, the start of the sweep gate 
is  delayed for a number of miles determined by the position of the,range strobe control, 
which designates the amount of delay in the strobe delay multivibrator V621. In this posi- 
tion of S609A, the trigger from the pulse transformer is disconnected and the delayed 
trigger is connected to the A-scope gate multivibrator. 

c. The A-scope sweep multivibrator V622 is a one-shot multivibrator with the grids of 
both sections connected by voltage dividers to B+. The operation in the quiescent state is 
discussed in this paragraph. R1664 and R1667, constituting a voltage divider network tied 
to a positive 300 volts, apply a fixed positive 51 volts to the grid, pin 2, of the A-section. 
The B-section grid bias is obtained by the voltage divider network R1671 through R1675 
and by the dc restorer V604B. The resistor network p l x e s  a +75 volts on the cathode of 
V604B, which conducts, putting the B-section grid, pin 7, at a positive 75-volt potential, 
insuring that the static charge on the sweep condensers C648 through C652 is returned to 
the same value at the time of each input trigger pulse. The positive 75 volts on the grid 
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causes  the B-section to conduct, and about 75 volts is dropped across  cathode resis tors  
R1665 and R1666. The positive 75 volts on both cathodes puts a negative 24 volts (51 volts 
minus 75 volts) of bias on the A-section, which is sufficient to cu t  it off. C649, C650, 
C651, and C652 are the coupling condensers between the plate of the A-section and the grid 
of the B-section. The position of S609C determines the number of capacitors that are con- 
nected in parallel. Since the A-section is cut off, the positive 300-volt B-t will be applied 
to one side of the condensers. The other sides of the condensers are tied to the 75 volts, 
which i s  applied to the grid of the B-section, and a difference potential of 225 volts (300 
volts minus 75 volts) i s  charged across  the coupling condensers. 

d. The positive trigger, coupled to the grid of the A-section, ra i ses  the grid voltage of 
the section from a negative 24-volt bias level to above cutoff, causing the A-section to 
conduct. Current flow through the A-section drops about 100 volts across  the plate-load 
res i s tor  R1668, causing the plate voltage to drop about 200 volts. Therefore, the applied 
voltage difference between the A-section plate and the B-section grid decreases about 100 
volts, and the capacitors C648 through C652 immediately start discharging through R1670 
and R1669. This discharge through R1669 and R1670 gives a 100-volt drop across  the 
resis tors .  This places the B-section grid at a negative 25-volt potential, which cuts it off. 
The current  flow through the A-section drops about 50 volts across  the cathode resis tors .  
After the trigger duration, the A-section grid i s  returned to a 51-volt fixed bias, which 
permits the A-section to continue to conduct with zero volts bias. With the A-section now 
conducting and the B-section cut off, the plate voltage on the A-section has dropped from 
300 to 200 volts to s tar t  the negative gate, and the plate voltage of the B-section has  
increased to 300 volts to start the positive gate. These gates s ta r t  simultaneously with the 
triggering of the multivibrator . 

e. With the cathodes at a positive 50 volts and the grid of the B-section at a minus 25 
volts, a bias of 75 volts is felt initially on the B-section. The cutoff bias for  the section 
is about 18 volts; therefore, it is biased initially upon the signal input at 57 volts below 
cutoff. The coupling condensers, however, immediately start discharging through R1669, 
R1670, and the power supply. The net discharging voltage is 325 volts, so the coupling 
condensers must discharge 18 percem of their voltage before the condensers have discharged 
to the cutoff value of the B-section. It takes two-tenths of a time constant for a condenser 
to  discharge 18 percent of its applied potential. With the range selector switch S609 in the 
20-mile position and the A-GATE control R1669 in its midposition, the time constant of the 
multivibrator i s  determined by R1670, C649, and half the resistance of R1669. Thus the 
time constant of the multivibrator is 1,264 microseconds, and the two-tenths of this time 
constant is 252.8 microseconds, which is slightly more time than is necessary for  a 20-mile 
sweep, The 247.6 microseconds necessary for  a 20-mile sweep can be set exactly by 
adjusting the A-GATE control R1669 in the discharge path. F o r  each increase in range, the 
capacitance is doubled. F o r  instance, one time constant for  the 40-mile sweep i s  increased 
to approximately 2,528 microseconds. Two-tenths of this constant is about 505 micro- 
seconds. Therefore, by adjusting R1669 to the correct  sweep value under any one sweep 
range condition, the sweep gates can be changed by the switching arrangement of the con- 
denser circuit. 

f .  When the coupling condensers have discharged to the cutoff value for  the B-section, it 
s ta r t s  to conduct, which immediately .raises the cathode voltage on both cathodes, increasing 
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the bias, cutting down the conduction, and raising the A-section plate voltage. This 
increase in plate voltage is  coupled through the coupling condensers to the B-section grid, 
raising the voltage on the grid to 75 volts to  permit conduction of the B-section, which 
causes the common cathode voltage to rise to 75 volts cutting off the A-section. The increase 
in voltage felt on the grid of the B-section is also felt on the plate of the clamper tube V604B. 
When the plate voltage on the clamper reaches 75 volts, it conducts and quickly charges the 
coupling condensers through R1675 and the clamper tube. Some grid current from the B- 
section will also aid in charging the capacitors. The operation of the multivibrator has now 
returned to its original quiescent state and will remain so until another trigger is applied. 
With the A-section now cut off and the B-section conducting, the A-section plate voltage 
again rises to 300 volts to end the negative gate, while the plate voltage of the B-section 
again drops to end the positive gate. The length of these gates i s  determined by the time 
constant of the multivibrator, which is determined by the capacitance of the coupling con- 
densers and the value of R1669 and R1670. Monitoring at  TP609, the action of the multivi- 
brator is shown by its positivg square wave output. The value of the capacitance is 
changed to vary the range; the value of R1669 is variable as a fine adjustment to compensate 
for tolerances in the values of circuit components. V604B returns the grid of the B-section 
to 75 volts at the dnd of each gate. The divider network R1671 through R1675 keeps 75 
volts on the cathode of V604B at all times. If the plate of V604B attempts to go above 75 
volts, the diode will act as a short and keep the plate of the diode at the cathode voltage of 
75 volts. The plate can be at  any amount below 75 volts, in which case V604B will act as 
an open circuit. Thus V604B clamps the B-section grid potential at or  below 75 volts. 

g. The resistance of the plate load of V622B is varied by S609B for changes in sweep 
ranges. In the EXPAND and 20- and 40-mile positions, R1661 is placed in parallel with 
R1662 and R1663. The plate resistance is increased in the 80-mile position by switching a 
larger resistance, R1660, into the circuit instead of R1661; for the 160-mile sweep, the 
plate load consists of only R1662 and R1663. A s  noted from the above, the resistance is 
increased for the longer sweeps. The output taken across the plate resistors of V622B is 
the unblanking gate, which is used to give the proper intensity of the electron beam in its 
sweep from left to right on the screen of the A-scope. This control of intensity is accom- 
plished by a change of voltage in a positive direction being applied to the control grid of the 
range scope during the sweep time and, at the end of this positive voltage gate, the control 
grid being returned negatively to give blanking of the electron beam during the retrace. It 
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Figure 14. Unblanking voltage waveforms and average voltage level. 
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must be remembered that the difference in potential between the control grid and cathode 
determines the number of electrons emitted by the cathode. Since the cathode is set at a 
constant potential, the emission is changed by control grid voltage changes. During the 
faster sweeps (short sweep ranges), the amplitude of the unblanking pulse must provide a 
heavier conduction of the cathode-ray tube; therefore, its positive amplitude must be 
greater at the control grid than for a slower sweep (long sweep ranges). Because of the 
resistance arrangement in the plate of V622B, the unblanking gate is smaller in amplitude 
for the short ranges, which is just opposite of the needed signal at the control grid. Since 
the unblanking voltage is applied to the control grid, pin 3, of the cathode-ray tube by C661, 
the dc voltage variation on the plate of V622B is changed into an ac variation at the control 
grid. These ac variations ride at a negative 1,500-volt level that appears at the grid 
through R1691. The positive output of V622B is  smaller in the EXP and 20- and 40-mile 
positions than for the 80- and 160-mile sweep lengths; however, in the EXP and 20- and 40- 
mile positions the gate pulse is much narrower and the average potential level appearing 
at the control grid is lower, as seen in figure 14(1) for the 20-mile position. Therefore, 
for the shorter sweeps, a lower average level is obtained across C661 and a larger voltage 
gate is reflected on the control grid causing the conduction of the A-scope to be increased 
for the proper brilliance of the baseline. When the range is increased to 80 miles, the 
unblanking gate is much-longer, thus the average level potential on C661 is increased 
(fig 14(2)). Due to the increased average level during the long sweep ranges, the gate from 
V622B must be increased to give a larger gate above the average level. The action of the 
entire circuit of the plate-load resistors and C661 is to provide uniform intensity to the 
A - scope display for all sweep ranges. 

h. C648 at S609C is  shorted for all positions except EXPAND where the short is removed 
when C648 is placed in series with the parallel combination of C649 through C652. This 
series-parallel condenser circuit gives one-half the total value of capacitance that was 
used on the 20-mile sweep. When V622A is  triggered by the trailing edge of the strobe 
multivibrator V621, it is allowed to conduct for approximately 123 microseconds to pro- 
vide a 10-mile sweep gate and unblanking pulse. After being triggered by the strobe multi- 
vibrator, V622 operates exactly in the manner explained in a to g above. 

29. SWEEP GENERATOR V623 

a.  The A-scope sweep generator V623 produces a sawtooth voltage (fig 15(4)), which 
begins with the start of the negative gate from V622A and increases in a positive direction 
until the end of the gate at which time it immediately drops to its original value. This volt- 
age is applied to a paraphase amplifier that produces the deflection voltages. With no signal 
applied, the grid and cathode a r e  both grounded and the tube is conducting with zero volts 
bias. The high value of the plate-load resistors R1676 and R1677 causes the plate to be 
only a few volts above the cathode potential or ground. The capacitors at S609D are  tied 
between the plate and ground of V623. The negative gate from the multivibrator is coupled 
to the grid of V623 by C653 and R1678 and cuts off V623 for the duration of the gate. With 
V623 cut off, it acts as  an open circuit and current flows through the condensers connected 
in parallel with V623 and in series with R1676 and R1677. These condensers charge 
exponentially through R1676 and R1677. At the end of the gate length, the grid of V623 is  
again returned to ground potential and V623 conducts, shorting out the capacitors and 
quickly returning them to their original charge of only a low voltage. 
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b. The value of the sawtooth voltage (fig 15(4)) is determined by the gate length and the 
time constant of the capacitance and resistance in the circuit. For the 20-mile range with 
R1676 in the midposition, the time constant is dependent upon C657, R1676, and R1677 and 
is equal to 9,100 microseconds. Since the capacitor is allowed to charge for only the gate 
length of approximately 248 microseconds, it charges to about 3 percent of one time con- 
stant. This first 3 percent is an extremely linear part of the curve and so provides a 
linear sweep voltage. For each increase in range, another capacitor is added by S609D 
between the plate of V623 and ground to double the capacitance of the circuit. This added 
capacitor doubles the time constant of the sweep generator circuit and causes the capacitors 
to charge only half as  fast. At the same time, S609C doubles the gate length and causes 
the capacitors to charge twice a s  long. With the capacitors charging half a s  fast and twice 
as long, they charge to the same potential value a s  before in twice the time, which pro- 
vides for a sweep to be the same physical length as  before but sweeping twice as  long to 
represent twice the electrical length or  range. For every further doubling of the range, 
S609D again doubles the capacitance in the sweep generator to keep the total charge on the 
capacitors and the physical length of the sweep constant while S609C doubles the gate 
length, thus doubling the electrical length or  range. A fine adjustment is provided by the 
SLOPE control R1676, which is in the charge path of the sweep capacitors to vary the rate 
of charge o r  the slope of the sawtooth. It is adjusted so that the final amplitude of the saw- 
tooth applied to the deflection plates is sufficient for a full sweep across the screen. 

c. On the EXPAND position of S609 it is desired to reduce the range of the sweep to 10 
miles. Thus instead of doubling the time constant, it is necessary to reduce it to one-half 
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Figure 15. Voltage waveforms in the A-scope sweep channel. 
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t h e  20-mile position. This reduction is done with C658, which operates much like S648 of 
S609C and is shorted out for all positions of S609D except EXPAND. In this position the 
short is removed and C658 is placed in series with the parallel combination of the four 
capacitors used on the 160-mile position. This series-parallel arrangement reduces the 
time constant of the sweep generator to one-half the 20-mile position time constant. At 
the same time, the addition of C648 in the sweep multivibrator reduces the gate length to 
10 miles. Thus the capacitors charge to the same potential as before during a 10-mile 
gate and provide the same amplitude of sweep voltage as for the other sweeps. The rise 
time of the sawtooth is at a faster rate producing the 10-mile sweep length. 

30. SWEEP INVERTER AMPLIFIER V624 

a. The A-scope sweep inverter amplifier V624 is used to produce two amplified sawtooth 
voltages (fig 15(6) and (7)) that a r e  180" out of phase. Its outputs a re  applied to the hori- 
zontal deflection plates of the A-scope to provide for the horizontal push-pull deflection of 
the electron beam. The cathodes are tied to a negative 150-volt supply through the com- 
mon cathode resistors R1685 and R1686. An additional cathode resistor R1684 appears in 
the cathode circuit of the B-section. R1682 and R1683 are the plate-load resistors of the 
A and B sections respectively. The plate of the A-section is tied directly to the left deflec- 
tion plate and the plate of the B-section directly to the right deflection plate of the A-scope. 
Both sections are normally conducting. The grid of the A-section is directly coupled to 
the plate of the sweep generator V623. With no signal applied, this makes the A-section 
grid only a few volts above ground. The grid of the B-section is tied to the center of a 
voltage divider consisting of the HORIZONTAL CENTERING control R1687 and a fixed 
resistor R1688. With R1687 in its midposition, the B-section grid potential is approxi- 
mately +11 volts, Therefore, with no signal applied, the grid of the B-section is more posi- 
tive than the grid of the A-section. This condition causes the B-section to conduct more than 
the A-section, giving a greater voltage drop across the B-section plate load than across the 
A-section plate load, which will put the B-section plate and the right horizontal deflection 
plate at a lower potential than the A-section plate and the left horizontal deflection plate of 
the A-scope. Thus, the negative potential on the right deflection plate will push the elec- 
tron beam away from it; the positive left deflection plate will pull the electron beam toward 
it. This combined pushing and pulling action places the electron beam on the left side of the 
screen under a no-signal condition. The exact position of the spot on the screen is deter- 
mined by the position of the HORIZONTAL CENTERING control R1687, which determines 
the conduction state of the B-section. 

b. The positive-going sawtooth (fig 15(4)) applied to the grid of the A-section drives the 
grid increasingly positive, causing the A-section to conduct at a steadily increasing rate, 
which causes the plate voltage of the A-section and the left deflection plate to go steadily 
negative (fig 15(6)), increasing the pushing effect exerted by the deflection plate on the 
electron beam and causing it to move to the right. At the same time, the increased con- 
duction of the A-section causes a positive sawtooth of voltage to form across the common 
cathode resistors. This positive-going sawtooth is applied to the cathode of the B-section 
causing it to conduct at a steadily decreasing rate. This causes the voltage on the B-section 
plate and the right deflection plate to go more positive (fig 15(7)) increasing the pulling 
effect exerted by the deflection plate on the electron beam. In this manner, the electron 
beam moves to the right. The push-pull action, or deflection, is continuous for the dura- 
tion of the applied sawtooth causing the electron beam to move from the left to the right. 
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