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ABSTRACT 

The rangemeter Is a digital time-interval counter that displays 
range when coupled to the XM2J Laser Rangefinder. It receives start 

and stop pulses from the rangefinder and displays range readings from 

200 to 9995 m. The total volume of the rangemeter is less than 18 in.3. 

The readout is made of electroluminescent material, and optical coupling 
is used between the computing circuits and the photoconductive readout 
matrix . 

1. INTRODUCTION 

In early 1962, Frankfoid Arsenal began development plans for a 
ightwelght laser rangefinder. The design considered required a small¬ 

sized lightweight interval timer, capable of operating at 30 Me with a 

minimum of power consumption. Since there was no counter commercially 
available satisfying these requirements, HDL submitted a proposed de¬ 
sign that was developed following authorization in Sept 1962. The de¬ 
sign approach included the use of miniature discrete components to re¬ 
duce size and weight, and to develop a single power-saving circuit to 
reduce the power consumption of the entire counter. This counter has 
been designated "rangefinder" throughout this report. 

The rangemeter is a digital time-interval counter that computes 
and displays range when coupled to the XM23 Laser Rangefinder. It re¬ 
ceives start and stop pulses from the rangefinder and displays range 
from 200 to 9995 m, to the nearest 5±5 m. It is a completely solid- 

state device and is designed to operate from 55° to +75°^ It re¬ 
quires 6 V ±20 percent at 40 ma when it is not computing and 240 ma 
for about 20 ms when It is computing. Readout requires an additional 
200 ma. The rangemeter also supplies a 6 v ready-to-lase signal to 

the rangefinder and cuts off the motor in the rangefinder after each 

lase. The time base is a 29.971-Mc crystal oscillator, and the com¬ 

puting circuits are high frequency flip-flops. A solid-state electro¬ 

luminescent readout displays the range readings. The readout assembly 
is optically coupled to the computing circuits: the computing flip- 

flops have microminiature incandescent lamps as loads, and the readout 
assembly has photoconductive sensors. 

2. RANGEMETER SYSTEM 

Figure 1 is a basic block diagram of the rangemeter system. The 
29.971-Mc crystal oscillator is gated by the start stop gates to a 

flip-flop. This flip-flop changes state for each five meters of range. 
The output of the first flip-flop drives three cascaded binary decades. 
The first decade cycles every 100 m; the second, every 1000 m; and the 
third, every 10,000 m of range. The last decade can cycle only once 
Each decade is composed of four flip flops and one NOR circuit (fig 2) 
Figure 3 shows the states of the flip-flops for all ten states of the 

decade. The decade uses a 1-2-4-8 counting system. Each lip flop has 
a microminiature lamp in both collector circuits so that only one lamp 
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is on at any one time. The lamp that ia on indicates the state of 
the flip-flop (fig. 4). On the surface of the lamp is a photo- 
conductive material that switches 600 v to a decoding matrix. The 
matrix converts the 1-2-4-8 binary code to a nine-segment numeric 
readout. 

The stop gate requires two inputs to stop the counting process. 
The inputs are from the backscatter control flip-flop and the target 
return. The backscatter control flip-flop insures that prematurer 
echoes caused by atmospheric effecta do not stop the counter. 

Figure 5 is a more extensive block diagram of the system. 

Figure 6 is a sequence-of-events diagram. 

The power control block in figure 5 represents a circuit whose 
function it is to conserve the catteries. It allows the device to 
be on and for all the lllp-flops to retain their state at a low volt¬ 
age level. When the device is called upon to operate, the power con¬ 
trol is activated, and the voltage across the circuits is smoothly 
raised from one volt to battery voltage. This is called the controlled 
B+. When battery voltage is reached, the sequencer circuit senses this 
and puts out an external ready signal to the rangefinder indicating 
that lasing action may proceed and that the start gate can now accept a 
start signal. Using will take place within 3 ms. After a delay of 
about 15 ms, the controlled B+ voltage is returned to the memory level. 
During this delay, a target echo has been received. Before a stop sig¬ 
nal can activate the stop gate, the backscatter control must be acti¬ 
vated. The backscatter control is operated by signals from the counter. 
Two minimum range selections are available, 200 and 1000 m. The opera¬ 
tor selects the backscatter range. The backscatter setting does not 
allow ranging on targets closer than the setting. The Inputs to the 
backscatter control come from the counter flip-flops and, in terms of 
time, do not allow stopping before 1.33 us for the 200-m setting or 6.66 
us for the 1000-m setting. 

The BOM indicator circuit on the readout assembly indicates if the 
target echo ¿eturned before the backscatter setting or if the target 
echo returned after 66.6 u»j which indicates either that it is beyond 
the counting capability of the system (an over-range) or that there is 
no target echo (a miss). 

The counter test circuit allows the operator to quickly check the 
operation of the rangemeter without ranging. It checks the oscillator- 
amplifier, the entire counting section, the gates, the power control, 
the sequencer, and the backscatter control. Proper operation is indica¬ 
ted on the readout by the number 8010 to 8025 appearing on the readout. 

The dc-to~ac inverter supplies the 600 v required by the electro¬ 
luminescent readout assembly. 

Table I lists the switches in the rangemeter and describes their 
function. 
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TABLE I. SWITCH FUNCTIONS 

Swl On-off switch 

Sw2 Read switch 

Sw3 Range switch 

Sw4 Counter test switch 

Sw5 Reset switch 

Sw6 Test switch 

Sw7 Motor reset switch 

Connects the battery to the 
rangemeter 

Raises controlled B+ to B+ 

and turns on the high volt¬ 

age to the readout 

Starts the automatic ranging 
sequence 

Tests the operating condition 
of the counter 

Manual reset to all flip-flops 

and the SCR in the BOM cir¬ 

cuit 

Allows the rangemeter to be 

tested by a pulse generator 

Reset for mirror motor in range 
finder when Swl is not used. 
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3. OPERATING INSTRUCTIONS 

Testing Procedure 

1. Turn power on (SwI) 
2. Push Counter Test (Sw4). 
3. Push Read (SW2). If 8010, 8015, 8020,or 8025 Is dis¬ 

played, the counters are working properly, and the se¬ 

quence may be continued. 

Operating Procedure 

4. When it is desired to start the ranging operation, turn 

on Sw7. This turns on the mirror motor. 
5. Set the backscatter to 200 or 1000 m depending upon the 

estimated distance to the target. 
6. Five seconds or more after step 4, range by pushing the 

range button Sw3. 
7. Turn off the mirror motor (Sw7). 

8. Read the range by pushing Sw2. 

9. To range again, repeat steps 4 through 8. 
10. Turn off the power (Swl). 

4. CIRCUIT DESCRIPTION 

4.1 Oscillator-Amplifier 

The oscillator (fig. 7) is a crystal oscillator developed 
at the Harry Diamond Laboratories (ref 1). The crystal is a 
third overtone 29.971-Mc quartz resonator. The laser beam travels 

10 a in 33.3 x 10“9 sec, which is the period of the oscillator. 

Since it must travel to the target and back to the rangefinder, each 
pulse of the oscillator represents 5 m of range. The crystal oscil¬ 
lator is followed by a four-stage amplifier and an emitter follower. 
Six oscillator-amplifiers were fabricated and successfully tested 

during the design study period. Three of these units were tempera¬ 

ture cycled from -55°to +75°C, and no difficulty was encountered. 
Power is applied to the oscillator section whenever the rangefinder 

Is turned on. Controlled B+ powers the amplifier. This arrange¬ 
ment allows the oscillator to be warmed up, the amplifier to be 

ready, and the power supply to be conserved. Gating is accomplished 

at the base of Q6. The base of Q6 is grounded through a control 
transistor to inhibit the oscillator pulses from reaching the first 
flip-flop. The collector of Q6 is decoupled from the controlled In¬ 
line by the 56-ohm resistor and the 1000-pf capacitor. This is be¬ 

cause Q6 supplies power drive-pulses to the first flip-flop, and, if 

it is not decoupled, it tends to cause ripple in the power supply 

line. All the transistors in the oscillator-amplifier circuit are 
Fairchild FSP 293-1 transistors. 
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Flip-Flops and Flip-Flop Decades 

Figure 4 shows the basic computing flip-flop used through¬ 

out the rangemeter. It is designed for high-speed operation and can 

compute up to 50 Me. Its speed in the rangemeter is 30 Me. The 

diodes across the 5600-ohm resistors in the hybrid steering circuits 

are speedup diodes. The collector circuit has, in addition to the 

collector resistor a miniature lamp as part of its load. The minia¬ 

ture lamp is used for readout purposes and is part of a lamp switch 

assembly. The operating collector current was determined by the 

lamp. All flip-flips in the counting circuits are powered from the 

controlled B+ line to conserve power. The direct current gain of 

the transistors has to satisfy both a 7-v and a 1-v B+. The gain 

was me «ured at both an Ic of 10 ma and of 1 ma for all transistors 

used in the flip-flops. The minimum gain required at both of these 

levels is about 10. The minimum room temperature gain of transis¬ 

tors used in all circuits was 35. Figure 2 shows the interconnection 

of four flip-flops and a NOR circuit to form a decade counter. The 

flip-flops are connected so as to have a 1-2-4-8 weight. Figure 3 

illustrates the ten states of the decade and their logical order. 

The counter section is made up of one flip-flop operating 

at 30 Me and three decades. The first decade operates at 15 Me; the 

second, at 1.5 Me; and the third, at 150 kc. Between the flip-flop 

and the first decade and between the first decade and the second de¬ 

cade is a one-stage amplifier. This is to provide isolation between 

counting units and to provide low-impedance drive sources for the 
first two high-speed decades. 

4.3 Power Control Circuit 

The purpose of the power control circuit is to conserve 

power when the rangemeter is not ranging. This is accomplished by 

controlling the voltage across the counting circuits and other se¬ 

lected circuits. The voltage before and after ranging is about 

1 V. During ranging, the voltage is automatically raised to 

B+, which is 6 V ±20 percent. Figure 8 shows the power control 

circuit. Controlled B+ goes to all circuits powered from the power 

control circuit. Switch Swl (on-off switch) applies B+ to the power 

control circuit. The 120-ohm resistor across Q18 is in series with 

the load across the power control circuit. Thus, wher Q18 is not 

conducting and shorting out the 120-ohm resistor, the controlled B+ 

voltage is about Iv. When Q18 does conduct, it shorts out the 120- 

ohm resistor, and the controlled B+ goes to B+. 

When switch Sw3 (range switch) is closed, the sequence 

controlling the lasing operation is begun. Silicon-controlled recti¬ 

fier (SCR) Q19 is turned on, and base current flows through Q18. 

Collector current flows through Q18 shorting the 120-ohm resistor. 

The rate of rise of the controlled B+ is regulated by controlling the 
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rate of rise of the base current with the 39-uf capacitor between 
the base and emitter of Q18. The 120-ohm resistor and the 39-pf 
capacitor across the controlled B+ line also influence the rate 
of rise of the controlled B+. The controlled B+ is returned to 
the memory voltage by turning off the SCR Q19 and Interrupting 
the base current to Q18, This is done by the sequencer circuit 
pulsing Q20, which momentarily reduces the current through Q19 
below its holding value and thus turns off Q19. The turn-off 
voltage is smoothly returned to the memory voltage by the shunt 
capacitor across the controlled B+ line. The power control cir¬ 
cuit may also be controlled manually by the read switch Sw2A and 
the test switch Sw6A. Ranging is accomplished during the time 
Interval that the controlled B+ is at B+. Figure 9(a) shows the 
waveform of the controlled B+ going from memory voltage to B+ back 
to memory voltage. 

4.4 Sequencer 

The puri>ose of the sequencer (fig. 10) is to program the 
succession of events that take place between the time switch Sw3 
is cloced (this starts the lasing sequence) and the time the laalng 
operation is over and the controlled Bf is returned to the memory 
level. The sequencer performs the following functions: 

(a) Senses when controlled Bf is close to Bf. 
(b) Resets all circuits when controlled Bf is close to Bf. 
(c) Indicates to the start gate that controlled Bf is up 

to full Bf and allows the start gate to receive start 
pulses. This is the Internal ready signal. 

(d) Indicates by a &f pulse to the rangefinder that the 
counter is ready and that lasing may commence. This 
is the external ready signal. 

(e) Pulses the power control circuit after 15 ms of sens¬ 
ing that the controlled Bf is at Bf, so that the 
controlled Bf is returned back to the memory level. 

(f) Turns off the laser mirror motor after lasing has oc¬ 
curred. 

The basic clrcults in the sequencer are a Schmitt trigger, 
a 2-ms one-shot and a 15-ms one-shot. The Schmitt trigger senses 
the controlled B+ and changes state at about 80 percent of Bf. The 
output of the Schmitt trigger pulses the 2-ms one-shot. The 2-ms 
one-shot pulse is differentiated. The leading edge is used to pulse 
the reset circuit while the trailing edge triggers the 15-ms one- 
shot. By this time the controlled Bf is up to Bf. This 15-ms pulse 
has two outputs, the internal ready and the external ready. The in¬ 
ternal ready allows the start gate to accept the start pulse. The 
external ready indicates to the rangefinder that it may commence a 
lasing sequence. The lase will begin within 3 ms of the start of 
the pulse, and the reflected signal will be received during the 
15-ms pulse. At the end of the 15-ms pulse, the power control circuit 
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is pulsed to bring the controlled B+ to the memory level. This 

is accomplished by differentiating the 15-ms pulse and using the 
trailing edge to pulse the power control circuit. The differ¬ 
entiating circuit is between Q14 and Q15. In addition, the dif¬ 

ferentiated trailing edge of the 15-ms one-shot pulse is used to 
turn off the mirror motor in the rangefinder. 

The mirror motor, located at the collector terminal of 
Q17, is turned on by the operator before he starts the lasing ac¬ 

tion. The mirror motor is turned on by closing Sw7. SCR-Q16 is 

not conducting, and base current flows to Q17, The trailing edge 
of the 15-ms one-shot pulse turns on Q16. Q17 and the mirror 

motor are turned off. When it is desired to range again, Sw7 (in 
the rangefinder) is opened, Q16 stops conducting, and SW7 is 
closed again, turning on the motor. 

Figure 9 shows the waveforms at various points in the 
sequencer. 

4.5 Gates 

function of the gate circuit (fig. 11) is to control 
the flow of oscillator pulses to the first flip-flop of the counter. 
The collector of Q26 is connected to the base of Q6 (Q6 is in the 

oscillator-amplifier circuit). If base current flows into Q26, the 
collector of Q26 goes to ground, shorting the oscillator pulses that 
appear at the base of Q6 to ground. Thus, if there is an input to 

OBS, the counter does not receive pulses. The inputs to Q26 are two 
flip-flop outputs. The flip-flop containing Q24 and Q25 is the 

start contro! flip-flop, and Q35 and Q34 make up the stop control 
flip-flop. Upon being reset, the on control flip-flop causes Q26 

to saturate blocking oscillator pulses to the counter. The off con¬ 

trol flip-flop input to Q26 is at ground. When the proper conditions 

for starting the count exists, the on control flp-flop changes state. 
Both inputs to Q26 are at ground, and oscillator pulses pass to the 
counter. When the proper conditions exist for stopping the counter, 

the off control flip-flop changes state and stops the counter from 
receiving oscillator pulses. 

For the start flip-flop to be pulsed, two conditions must 
exist simultaneously. The sequencer must supply an Internal readv- 
slgnal to Q22, and a start pulse must be received i rom the range¬ 

lnder and turn on Q23. These two signals are ANDED to pulse the 

on control flip-flop. The start pulse from the rangefinder is a neg 
ative pulse. K 

For the stop flip-flop to be pulsed, two conditions must 
exist simultaneously. The backscatter control flip-flop must have 
been activated so that its output can be ANDED with the stop pulse 

from the rangefinder. The AND circuit is composed of Q32 and 033. 
The stop pulse from the rangefinder is a negative pulse. 
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4.6 Backscatter Control 

The purpose of lhe backscatter control circuit (fig. 12) 

Is to prevent false stop Inputs from turning off the rangeneter. 

When light leaves the rangefinder, reflections from the atsiosphere 

occur during the first lOOOm and are received by the stop-circuit 

optics. This is called backscatter. To prevent these backscatter 

pulses from stopping the counter, the stop circuit is inhibited 

during this period. This is accomplished by using the counter 

circuits to generate the desired hold-off times. The operator 

selects either a 200-m or a 1000-m backscatter inhibit by a switch. 

The counter supplies a time pulse equivalent to 200-m range and a 

time pulse equivalent to 1000-m range to two amplifiers. The 

switch powers only the amplifier of the chosen backscatter distance. 

The output of both amplifiers controls the backscatter flip-flop. 

Only the powered amplifier can pulse the backscatter flip-flop. The 

backscatter flip-flop must be pulsed before a stop pulse will stop 
the counter. 

Switching the power to the amplifiers is preferred to 

switching the Inputs to the amplifier because it minimizes cross¬ 

talk. The backscatter flip-flop output is an input to the stop-gate- 
AND circuit, 

4.7 BOM Indicator Circuit 

The purpose of the Backscatter, Over-range, and Miss 

(BOM) indicator is to indicate that no stop signal was received 

during the stop Interval. The stop interval is between the setting 

of the backscatter range and the capacity of the counter. The BOM 

indicator circuit (fig. 13) is pulsed at the base of Q71 when the 

counter goes from 9995 to 0000 m. This will occur (a) if the stop 

signal is received before the backscatter flip-flop changes state, 

(b) if the stop signal is received after 10,000 m, an over-range,’ 

or (c) if there is no stop signal, a target miss. The input to the 

BOM turns on SCR Q72. When the read switch Sw2B is pressed, SCR 

Q.2 allows the lamp in the lamp switch to be on. The readout sec¬ 

tion will explain how the indicator operates. The indicator may be 

reset by the sequencer through Q74 or by the manual reset button 

(SwS, fig. 15). it is not reset by the reset circuit. This is be¬ 

cause the reset circuit is activated when the BOM indicator is 
activated. 

4.8 Counter Test Circuit 

The purpose of the counter teat circuit is to test a major 

portion of the rangemeter circuitry without lasing. This is accom¬ 

plished by closing switch Sw4 (fig. 14). This applies power to the 

counter test circuit and also triggers the power control circuit to go to 
the operating voltage. The sequencer starts its program. The inter¬ 

nal ready signal to the start-AND circuit also is an input to the 
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counter test circuit. Since the counter test circuit is now pow¬ 
ered, it amplifies the internal ready signal from the sequencer, 

and the amplified pulse is used to simulate a start signal, and 

the counter starts. Stopping the counter is accomplished by feed¬ 

ing the output of the last flip-flop in the counter to the stop 
amplifier of the counter test circuit. This amplified pulse is 
fed to the stop circuit and stops the counter. The readout switch 
is then pushed, and the number 8000 m should appear. Due to the 

propagation time of the binaries, the readout will read between 

8010 and 8025 m. The counter test circuit checks the operation of 
the oscillator-amplifier, the gates, the power control, the se¬ 
quencer, the counter, the reset circuit, and the readout. 

4.9 Reset Circuit 

The purpose of the reset circuit is to reset the various 
binaries in the rangemeter to the desired state (fig. 15). The 
resetting method used is to ground the collector of the desired 

transistor in the flip-flop. The Inputs to the reset circuit come 
from the sequencer and from the BOM indicator. The counter flip- 

flops, the gate flip-flops, and the backscatter flip-flop are reset. 
A manual reset Sw5 is Included, and, in addition, it resets the SCR 
in the BOM indicator circuit. 

4.10 Test Switch (Swfi) 

The purpose of the test switch (Sw6)(fig. 8, 11) is to 
facilitate troubleshooting and testing of the rangemeter. It turns 
on the power control circuit, so that B+ is on all the circuits all 
the time. It also bypasses the internal ready for the start gate, 

so that a start pulse will operate the start gate at any time. Thus 

the circuits can be tested with a delay generator. The start pulse 
into the start circuit can be delayed by the delay generator and 
used as a stop pulse. By adjusting the delay, the counters and the 

backscatter circuit can be tested. The test switch will be included 

in the first prototype. It is not expected to be included in future 
models except possibly inside the chassis. 

4.11 Readout 

The readout display is made of electroluminescent material. 
Numbers from zero through nine may be displayed by applying voltage 
to the proper segments of the numeric pattern (fig. 16). The pat¬ 

tern is composed of nine segments. The segments that are illuminated 
are determined by the states of the flip-flops in the decades. The 
readout display is composed of four such numeric patterns. These 

patterns, fron, right to left, are controlled by the 30-Mc flip-flop, 

the tens-meter decade, the hundreds-meter decade, and the thousands- 
meter decade . 
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The segments, which determine the readout display, are 
controlled by lamp switches. Each flip-flop has a lamp switch In 

Its collector load. The lamp switch Is a four-terminal device. 

It is composed of a microminiature Incandescent lamp with photo- 
conductive material or. its surface. Two leads are wound on the 

surface of the lamp with the photoconductlve material between the 

two leads. The entire assembly is potted in opaque potting mater¬ 

ial. Thus, when the lamp does not have current through it, it 

does not glow, and the photoconductor switch has a high impedance 
(about 10 meg). When the lamp does have current through it, it 

glows, and the photoconductor switch has a lower impedance (about 

50 kohma). Since the lamp part of the lamp switch is in the flip- 

flop, the state of conductance of the photoconductors reflect the 
state of the flip-flop. In series with each photoconductor is an 

electroluminescent (EL) bar lamp and a 600-v peak-to-peak, 1600-cps 
•upply. The bar lamps are rectangular strips of electroluminescent 
material and will be Illuminated if the photoconductor in series 

with it is conducting. Now the state of each flip-flop is repre¬ 
sented by which one of two bar lamps is illuminated (fig, 17). 

Each decade, therefore, controls eight bar lamps of which only four 
are on at any time. It is now necessary to convert the information 
contained in the illuminated bar lamps to numbers on the display 

(fig. 18). This is accomplished by having, across the bar lamps, 

photoconductors which control the segments. These photoconductors 
are in series with the segments making up the numeric and the high- 
voltage power supply. Thus each combination of illuminated bar lamps 

activate photoconductors that control the segments. The illuminated 
EL segments form the number. 

The bar lamps, the photoconductor matrix across the bar 
lamps, and the readout panel form the readout assembly (fig. 19,20, 
and 21). This concept and logic were originated at the Harry Diamond 

Laboratories. The lamp switches and readout assembly were fabricated 
by a contractor. The entire readout assembly is a solid-state device 
and has a volume of 4 in.3. The numerals are 1-in. high. 

The main advantage of this readout is its potential low cost, 
low power requirement, a.;d extreme ruggedness. The power consumption 
for this first model is 1.8 w. It is expected that the power will 

be further reduced to 0.6 w in the second model. In addition, the 

readout in no way interferes with the functioning of the flip-flips 
since coupling is done by optical means. 

The number of photoconductors comprising the matrix was sub¬ 
stantially reduced by application of Boolean Algebra (ref 2). Table II 
describes the photoconductor matrix that coupled the bar lamps to the 
readout segments. 

The binary code column lists the counting order of the 
binary decade as described in figure 3. The segment column lists the 
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TABLE II. READOUT MATRIX 

8-4-2-I Binary Conversion to 9-Segaent Nuaerlc Readout 

7 

9 

8 

Readout 
Display 

Binary Code 
D C B A 

Segment 
123456789 

0 
1 

0000 
0001 

111111000 
000000001 

2 
3 

0010 
0 0 11 

011011110 
001111010 

4 
5 

0100 
0101 

10 0 110 110 
101101110 

6 
7 

0110 
0 111 

11110 1110 
0 0 0 1 1 1 0 0 0 

8 
9 

1000 
1001 

111111110 
1 0 1 1 1 1 1 ! 0 

Decade Matrix After Mlnlalalng 

Segment 1 . A(B+C) 4 CB+D Segment 6 
Segment 2 » A(B+C) Segment 7 
Segment 3 . XiB+C) + Cb^CHA+D Segment 8 
Segment 4 . BA+XB+C+D Segment 9 
Segment S - A(B+C)+BA+D 

B 4 CX4D4CA 
BX4CB4D 
BX4CB4C54D 
AR35 

i?~Mc FI1P~yloP^ 0- or S-M Readout, Using the Decade Matrix 

Digit 0 « CAB 

Digit 5 » CAB 
V side of 30-Mc TY controls C and Ã bar lamps 

"1" side of 3C-Mc FF controls C and A bar lamps 

Read voltage controls I bar lamp 
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segments that must be on so that the nine-segment readout will dis¬ 
play the decimal digit that corresponds to the state oí the binary 

decade. A "l" Indicates that the segment is on, and a "o", that 
it is off. The equations describe all the Input combinations that 

turn on each segment. These equations describe the photoconductor 

matrix that controls the readout. The 30-Mc flip-flop Is read out 

by the same binary decade matrix. This flip-flop must read out the 

digit 0 when the flip-flop Is In the "o" state and must read out 
the digit 5 when the flip-flop Is in the "l” state. This Is accom¬ 
plished by the "o" side of the flip-flop controlling the C and A 
bar lamps and the "l" side controlling the C and A bar lamps. The 

B bar lamp is on at all times during readout. 

4.12 High-Voltage Power Supply 

The EL readout assembly requires a high-voltage supply. 
Figure 22 shows the circuit used to generate the 600-v peak, 1600- 

cps square wa\e. It is a conventional saturable core Inverter. 
Since the KL readout assembly Is a highly capacitive load, the in¬ 
verter la designed to supply high peak currents. It uses low-sat¬ 
uration-voltage germanium transistors. It la expected that silicon 
translstore will be used in the Inverter for the second-generation 

EL readouts, because the never readouts will require less current, 

and the constraint of Ibw saturation voltage at high current will no 
longer dictate the use of germanium transistors. 

N 

4.13 Prototype Packaging 

Figures 23 and 24 are schematics of the entire range- 
meter. Table I Is a list of the switches and their functions. 

The prototype models were built using miniature compo¬ 

nents, high density packaging, and printed circuitry. All the elec¬ 

tronic circuitry required a volume of about 3 In.3. There are two 

printed circuit cards (fig. 25, 26>. They are approximately 2 by 
4 in. The first contains the counter, which is composed of the 
thirteen flip-flops. The second card contains the reminder of the 
circuitry. Figures 27 through 31 shows the prototype packaging. 

5. BREADBOARD TEST 

During February 1963, the rangemeter breadboard wna success¬ 

fully tested at Frankford Arsenal with the XM23 rangemeter. Table III 

shows the results of the tests on various targets. All ranges were 
indicated within the ±5-n resolution of the counters, the absolute 
accuracy was verified with Frankford Arsenal Laboratory counters. 
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TABUS HI MNOnOTM tVüT HKSIILTB 

NI U. ItancvMtvr FA Ub NUL IUn«*Mt«r 
Oowatar 

VoltAf* S*nc* Banc* 
raadlng* tla*** 

W ( -'y " 

«O OBIS C.U 
<*»30 • .14 
UB10 6.07 
OB10 6.07 
0610 6.07 

6.0 0000 U/A 
0000 C/A 
OOOO C/A 
0000 C/A 
0000 C/A 

6.0 0605 6.37 
0*00 6.34 
0600 6.34 
0*06 5.3< 
0*00 8.34 

*.0 SUS 16.66 
1*36 IM 66 
3*36 11.65 
3636 16.66 
3*36 16.66 
3630 16.63 
3636 16.66 
3635 16.66 
4630 16.63 
3*35 16.65 
3*36 16.68 
3630 16.63 
3630 16.63 
3*30 16.63 
3630 16.63 
ASaS 16.66 
3*35 16.68 
3635 16.65 
2635 16.65 

6.0 4OVO 37.3* 
40*0 37.3* 
40*0 37.8* 
40*0 37.3* 
40*0 37.3* 

Kane* Backacattar 
(!•*••• aattlm 

<M») (•) 

Tarç*t Co, 1 

6.10 0300 
6.10 0300 

0300 
0300 
0300 

1000 
lOOO 
1000 
1000 
1000 

T» rçvt Co. a 

5.36 aatlaaud 0300 
6.36 aatlaaud 0300 

0300 
0300 
0300 

TVi-gat Cu. 3 

16.67 1000 
16.64 1000 
16.66 1000 
16.65 1000 

1000 
1000 
1000 
300 
300 
300 
300 
200 
300 

1000 
1000 
1000 
1000 
1000 
300 

Tarçat Cu, 4 

Bot r»cordad 1000 
aatlaaud correct 1000 
*7 FA pa raonna 1 1000 

1000 
1000 

BOU ï, Raaarfca 
Indicator 

Cot recordad Loa pomar lanar 
Not recordad 
Cot recordad 
Not racordad 
Not recordad 

ON toa poaar laaar 
ON 
ON 
ON 
ON 

Not recordad toa poaar laaar 
Not recordad 

•íot recordad Nlfl) poaar laaar 
Not recordad 
Not recordad 
Not recordad 
Not recordad 

OH 
ON 
OFF 

Not recordad lo* poaar laaar 
Not recordad 

OFF 
OFF 
OFF 
OFF 
OFF 
ON 
ON 
OFF 
OFF 

ON Loa poaar laaar 
OFF 
OFF 
OFF 
OFF 

• tfca renfaaatar revolution la 5 aatal-a- -- 

•• Kane* tina la convartad from rene* readme, reaolutlon la 0.03 p*( accuracy Cottar 
than 0.01 parcant. 

*****,0'ut‘on *• 0.01 pa, aatlMtad accuracy, t0.03 pa. 



tabu HI. MNGBMmR T1ST MSULTS (Cont'd) 

MOL Ran(«a»t«r FA Lab HDL iitn(«aeter 
counter 

Voltnf* tang* Bent* Bant* Backseat Ur BOB toaarka 
_tiBt** ttaa*** aattlac indicator 

T^r -7i*>-- 

6.0 3520 If.53 
3530 1«.B3 
S&3S 18.85 
2325 15.83 

A.8 3515 18.85 
IU0 18.83 
3535 18.85 
3330 18.83 
3533 18.85 

7.3 3530 18.83 
3533 18.85 
3533 18.85 
8838 18.88 

7.3 0410 3.74 
0405 3.70 
0410 3.74 
0410 3.74 
0410 3.14 

7.3 0000 
0000 

Target Bo. 5 

18.88 1000 OB 
16.88 looo orr 
18.88 looo orr 
16.86 1000 ON 
16.84 
18.84 

1000 ON 
1000 OB 
1000 OK 
1000 OB 
1000 ON 

looo orr 
looo orr 
looo orr 
looo or? 

Target Mo. 8 

3.75 300 
3.75 300 

300 
300 
300 

OTT Loe power laser 
orr 
orr 
orr 
orr 

1000 ON 
1000 ON 

• Tke rangea»ter reselutioa la è aetera. """ 
•• Bange tiae Is converted trow range reading, resolution la 0.03 ue, accuracy better 

than 0.01 percent. 
••• Maaolutlon is 0.01 , estlnated accuracy, 10.03 |ja. 



6. FUTURE MODELS 

Field testing of the XM23 Rangefinder by Frankford Arsenal 
indicates that additional circuitry should be incorporated into 
the rangeneter. This circuitry will be Incorporated into the 
second-generation rangeneter prototypes. The aost laportant change 
is the addition of a target counter in the stop gate. The purpose 
of the target counter is to allow the operator to select the de¬ 
sired echo to stop the counter. This is required since aultiple 
echos are soaetlaes received. In addition, the total nuaber of 
echoes are to be displayed. The second-generation prototype will al¬ 
so include updating of all the existing circuitry and a lower-power 
readout asseably. 

7. REFERENCES 

(1) K. H. Sann, "Miniaturized High Precision Crystal Oscil¬ 
lator," DOFL Report TR-878, 10 November 1960. 
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Figur« 8. Power «upply 
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(d) 2 ma monoatable MV 
(collector of QlO)

(g) Internal ready

(e) 2 ma raonostable
different fated

(h) 13 ms raonostable
differentiated 

(anode of diode at Ql3)

(f) 15 ms raonostable MV 
(collector of gl2)

(1) Controlled B* turn off

Horizontal

Vertical

2 ms/cm 
2 v/cm

1682-63

Figure 9. Waveforms of sequencer.



(a) Controlled B+

(b) Controlled Bf

(c) Schmitt trigger 
(collector of Q8)

a

b&c

Horizontal - 5 ms/cm: Vertical - 2 v/cm 
Horizontal - 2 ms/cm; Vertical - 2 v/cm

168363

Figure 9 (Continued). Waveforms of sequencer.
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Figure 14. Counter test 

Figure 15. Reset circuit 
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