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Photoelectric Cell Applications
By the Engineering Department, Aerovox Corporation

THE photoelectric cell, or "electric
to, has

many applications-from use in burg-
lar alarms and smoke detectors to fac-
simile, television, and even the mea-
surement of microscopic tissue cells.
It is based on a discovery by Hertz
in 1887 that emission of electrons can
be caused by light striking the surface
of certain materials such as sodium
and potassium.

Photosensitive devices fall into
three general classes: (1) photo-
electric or "phototubes", (2) photo-
conductive cells, and (3) photovoltaic
cells. Phototubes are those in which
impinging light causes emission of
electrons from the photosensitive sur-
face. Most practical photosensitive
devices, such as the burglar alarm,
automatic counter, door opener, and
smoke detector, fall in this category.
Photoconductive cells are those in
which the internal resistance varies
with the amount of light striking the
sensitive surface. These cells are
used to operate very sensitive relays
and in the measurement of infrared
radiation. Photovoltaic cells are those
which generate an internal emf upon
exposure to light. The ordinary light -
intensity meter used in photography
employs a photovoltaic cell connected
directly across a low resistance meter.
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SEARCH WORKER is devoted to
some typical applications of the vari-
ous types of photosensitive devices
mentioned above.

Phototubes
Commercial phototubes are essenti-

ally diodes contained in glass enve-
lopes very similar to those used for
thermionic vacuum tubes. The cath-
ode is usually a large semi-cylinderi-
cal surface coated with a photoemis-
sive material. The anode is a wire
lying parallel to the cathode axis.
These elements may be inclosed in
an evacuated bulb, or one which is
gas -filled. The gas tubes ionize when
the plate voltage exceeds a certain

value and thus pass a larger current
than do the high vacuum types. Gas -
filled tubes are employed largely in
motion picture work where their high-
er sensitivity reduces the amplification
needed. High vacuum phototubes
are used in light measurement work
and in certain relay operating appli-
cations. They are less subject to
damage due to application of exces-
sive voltage or current, and their sen-
sitivity remains more constant over
a period of time.

The most common applications of
phototubes involve the use of associ-
ated vacuum tube amplifiers, as in
Fig. 1. The tube is coupled to the
input of an amplifier by means of a
large resistance, Rg. Since the cur-
rent flow through the cell is of the
order of a few microamperes, this re-
sistance should be very high. By pro-
per amplifying circuits, the current in
the final output stage of the amplifier
may be sufficient to operate a relay
or a loudspeaker as in the sound pic-
ture industry. See Fig. 2.

Another valuable application of the
photoelecrtic cell is the control of
lighting. The tube is used with an
amplifier and relay to turn the light-
ing system on when daylight de-
creases and off when natural light is
again adequate. Fig. 3 illustrates a
circuit in which the relay is energized
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FIG. 2

by an increase in light. As long as
the illuminaton on the phototube is
below a certain value, the 2051 grid
potential is below cutoff, and prevents
conduction. When illumination rises,
grid voltage is made less negative and
the tube conducts, closing the relay.
The function of R4 is to keep the
current through the 2051 within the
tubes maximum rating. Note that this
circuit works directly on a.c. line vol-
tage, requiring no d.c. supply.

Photoelectric Counting System
The simplest use of the phototube

and relay is that of counting. A beam
of light is directed across a conveyor
belt into a photoelectric tube which
operates a counter. When the beam
of light is interrupted by one of the
objects to be counted, the change in
tube current operates the counter.
An interesting circuit of this type is
the one-way counter illustrated in Fig.
4. This arrangement records objects
passing in one direction, but not in
the other.

Suppose an object is passing down-
ward in Fig. 4 so that it obscures
phototube A and then B. When the
light to tube A is interrupted, plate
current flows in tube X, opening the
contacts of relay X. As the object
continues downward, both tubes are
obscured and relay Y closes. But
since the contacts of X relay are open,
no current flows through the Z relay
and the counter is inoperable. Now
suppose that the object passes from
B to A. Relay Y is operated when
amplifier tube B starts to conduct.
Then, when the object obscures both
phototubes, the current through the
amplifier tube associated with photo -
tube A passes mainly through the con-
tacts of relays X and Y to operate
the Z relay and the counter. Relay
X does not operate and its contacts
remain closed. Thus, the counter is
actuated only by objects passing in
the direction from B to A.

Industrial Safety Controls
The applications of photoelectric

cells to safety devices are very num-
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lows the flame to burn. Should a
flame failure occur, the photocell no
longer provides blocking voltage to
the first section, which then conducts
and applies a blocking voltage to the
grid of the second triode section. The
blocking of current in the second tri-
ode opens the relay and closes the oil
valve with the simultaneous ringing
of an alarm bell.

An even more common kind of in-
dustrial safety control is the "light
curtain" type of protective device
used to safeguard the operators of
heavy machines. In this application
of photoelectric devices, a light cur -
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FIG. 3

erous. Some of the more familiar
safety controls are the smoke detect-
ors, traffic control, and protective door
openers which prevent automatic
doors from closing until personnel are
clear. Another important protective
circuit of this type is the flame -failure
detector shown in Fig. 5. This device,
intended to safeguard oil furnaces,
uses a dual triode as its principal
element. When light from the flame
is present, photocurrent flows and the
first triode section is blocked. The
second section normally conducts cur-
rent enough to close the relay which
opens the soleniod oil valve and al-

tain is formed about the area of dan-
ger by a series of beam projectors and
mirrors, the beam falling ultimately
on a set of phototubes. If the opera-
tor inadvertantly reaches into the pm-
tected area, one of the beams of light
is interrupted and the machinery is
stopped by an interlock operated by
the photocell relay. Fig. 6 is a typi-
cal circuit of this kind. Here the bias
potentiometer (R1) is adjusted to cut-
off so that the 6J5 does not conduct
in the absence of light on the photo-
cell cathode. With incident light the
photocurrent through this bias resis-
tor causes the tube to conduct and

LIGHT

LIGHT

DIRECTIONAL PHOTOELECTRIC COUNTER
FIG. 4



OIL
FLAME

c> RELAY

OPENING
COIL

110V. A.C.

.AA,/AAivi

R1

R2

C1

R6

R5

R3

R4

FLAME FAILURE PROTECTIVE CIRCUIT
FIG. 5

operate its load relay which, in turn,
operates an interlock which permits
the machine to operate. Interruption
of the incident light beam causes the
6J5 to cut off and stops or delays the
operation of the machine. A safety
control of this type is most frequently
used with punch presses.

Photoelectric Gages
Phototubes also find many applica-

tions in the measurement of time, dis-
tance, thickness of materials, etc. A
photoelectric device can be made to
operate as a micrometer for razor
blades, wire, tube stock, and many
other materials. A good example is
its use in making precision measure-
ments on piston rings. One light
beam, directed at a phototube, scans
the separation of the sample ring and
a master. If the sample exceeds the
permitted tolorance, a rejection signal
is operated. A mechanical shutter
cuts off this beam as the piston ring
gap is scanned. A second beam, scan-
ning the gap, causes other rejection
signals if the gap dimension is under
or over tolorances The entire inspec-
tion cycle requires less than 5 seconds.
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Photoconductive Cells
The selenium cell is the most com-

mon photoconductive cell in modern
usage. It is usually mounted in a
glass container filled with an inert
gas. Although used in conjunction
with an amplifier in some cases, the
photoconductive cell will pass suffi-
cient current to operate a very sensi-
tive relay directly. A relay having
a winding resistance of 5000 to 10,000
ohms is frequently used in connection
with these cells. When an amplifier
is used with photoconductive cells,
the choice of the grid resistance
should depend upon the light resist-
ance of the particular cell used, rather
than being as high as possible, as with
phototubes.

Fig. 7 illustrates the novel use of
a self -generating selenium cell with
a 1N34 germanium crystal rectifiier
to operate a rugged, less expensive
relay. A small d.c. operating bias is
provided by the crystal rectifier oper-
ated from the 6.3 volt winding of the
filament transformer. This circuit is
applicable to a wide variety of de-
vices such as intrusion alarms, light-
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operated switches, garage door open-
ers, etc. It is also used frequently in
crowd -attracting window displays be-
cause of its simplicity and the fact
that the absence of a high gain ampli-
fier makes it immune to false opera-
tion by extraneous signals.

Photovoltaic Cells
Photovoltaic cells are most fre-

quently used directly in series with
a relay, meter, or other load. See
Fig. 8. A simple photovoltaic cell
consists of a lead electrode and an
oxidized copper electrode immersed
in an electrolyte. Exposure to light
causes the cell to become a generator.
Other "dry" photovoltaic cells consist
of a sandwitch of iron and selenium
fitted with copper electrodes. Since
such cells generate an emf., they re-
quire no external source of power.
The copper oxide type of cell (Pho-
tos) has a color response almost
identical with that of the human eye
and hence is used in illumination con-
trol and in regulating industrial pro-
cesses in which color or change of
color of the product are important.
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SAFE Capacitor

 From tiniest metallized -paper
capacitor symbolizing miniaturiza-
tion, to giant oil capacitcr for atom -

smashing Betatron: you am SAFE
in specifying Aerovox. For Aero-
vox makes all categories, types,
sizes and ratings. More than that:
with a background experience
second to none, Aerovox engi-

Specifications

neers are always ready :o study
your circuitry, components, operat-
ing conditions and anticipated
life. Thus capacitor selection is
custom -fitted to your exact require-
ments. And that is why Aerovox
capacitors have such outstanding
service records.

 Literature on request. Submit
that capacitance problem for engineering
aid and quotations.
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INTERFERENCE FILTERS

For military and civilian
needs, particularly air-
craft and radio -equipped
vehicles.

MICA CAPACITORS

Dozens of different types,
including low -loss mold-.
ed casings and the silver
micas.

MOLDED PAPER

TUBULARS

For extra -severe service.
Aetolene impregnant
eliminates necessity of
stocking both oil and
wax tubulars. No deteri-
oration in stock.

OIL CAPACITORS

From tiniest tubulars to
giant steel -case units in,
ratings up to 50,000 volts,

HIGH -TEMPERATURE

MINIATURES

Hermetically -sealed with
vitrified ceramic seal, in
tubular metal case.

METALLIZED -PAPER

Full utilization of space -
saving factor, together
with self -healing feature.

MICRO :MINIATURES

Molded thermo-plastic
tubulars. Two sizes:
3/16" d. x 7/16" 1.; 1/4" d.
x 9/16" 1.

ELECTROLYTICS

Widest choice of con-
tainers, terminals, mount-
ings, combinations. In
85° C. and higher temper-
ature ratings.
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