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FIGURE 3. — Spectrograph optical system showing illumina-
tion path of the electrodes: A) electrodes; B) lens; C) front
mirror; D) back mirror; E) beam splitter; F) opening in side
of arc stand; G) photocell unit; H) projection screen.

the front control panel. Controls for the poten-
tiometers in the bridge circuits are located on the
back control panel. Electrical connections for the
motors and photocells are also on the back control
panel.

CONTROL UNIT

A three-position toggle switch, located on the
front control panel, allows the controls to be oper-
ated manually or set for automatic control. The
manual controls are used for loading, unloading,
and positioning the electrodes. The electrode tips
can be positioned at the desired arc gap by adjust-
ing the potentiometers in the bridge circuits.
Readjustment of the potentiometers is required
only occasionally.
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FiGURE 4.— Installation setup of photocell unit on the side of
the arc stand.

To begin the arcing procedure, the images of the
two electrodes are approximately positioned
manually, and then the controls are set on
automatic. Each electrode is controlled by its own
electronic circuit. Only the action and control of
one electrode will be described. During arcing of
the sample, the electrode’s tip is burned away,
causing a lessening of the luminous image on one
of the photocells. When one of the cells receives
less light than the other cell receives, an output
voltage is produced from the differential
amplifier. This output voltage is connected to a
power amplifier where the signal is amplified to
drive a positioning motor mounted on the
electrode control rod. The motor drives the control
rod in the direction that will produce a balance in
the bridge circuit and thereby maintain constant
electrode spacing during the sample burning time.

ELECTRONIC CIRCUIT

The electronic circuit is a DC servo control
amplifier. A diagram of the circuit is shown in
figure 5 and a corresponding list of electronic



parts is given in table 1. The two electrodes have
identical control circuits. The power supply is used
for both circuits. Only one circuit will be described
and illustrated.

Two photocells (one pair) are mounted in the
image of one electrode. The pairs of photocells are

TaBLE 1.— Electronics parts list

Number Item Description
R1 Resistor .............. 2,200 ohms, 1/8 watt
R2 Potentiometer ........ 5,000 ohms
R3 Potentiometer, 10,000 ohms
miniature.
R4, 5 Resistors ............. 10,000 ohms, 1/8 watt.
PC1, 2 Photoconductive cells . GE type B425
IC1 Operational amplifier . Fairchild type UA741HC
Q1 Transistor ............ GE 044C8
Q2 Transistor ............ GE 045C8
S1 Switch ............... GC Electronics No.
35-728
S2 Switch ............... SPST
M1 Gearmotor........... Globe Motors No.
319A126-2
D1, 2 Zener diode ........... 15VIOW
Power supply ......... Power One Model
HAA15-8
+15 -15

connected into opposite legs of a balanced bridge
amplifier. A garden-variety, internally compen-
sated, operational amplifier receives the signal
from the bridge amplifier and provides a high-gain
voltage output proportional to the small difference
voltage created by any imbalance in the bridge.
The signal from the operational amplifier is fed to
a pole-sensitive power amplifier which drives the
electrode positioning motor. This causes the motor
to drive the electrode and its image in the direc-
tion required to cancel the difference in voltage
seen across the input of the operational amplifier.
Two diodes connected back-to-back across the
motor protect the transistors from back EMF in-
duced by the motor. A toggle switch enables
manual operation of the motor drive. Power re-
quirements of the system are plus and minus 15
volts at 15 watts.

SUMMARY

The automatic gap control device described in
this paper is simple and relatively inexpensive.
Most arc stands can easily be modified to permit
its installation. The device is needed by operators
employing long-burn-time methods of
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FIGURE 5.— Schematic diagram of the electronic circuit.



spectrographic analysis because it standardizes
the arcing process and allows for precise control of
the analytical gap between electrodes during arc-
ing.

When using the total-energy method requiring
a long burn time, as employed by the U.S. Geologi-
cal Survey, the operator can prepare other sam-
ples for analysis during the arcing process. This
allows for a 25 to 30 percent increase in the
volume of spectrographic analyses. The device has
been successfully used for over a year on both a
Jarrell-Ash and an ARL arc stand.
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