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[5 7 ] ABSTRACT 
Apparatus for continuously monitoring the concentra 
tion of toner in an electrographic developer mixture 
carried on a developmcnt'mechanism by sensing the 
re?ectivity of the mixture. A source of radiant energy, 
periodically energized at a selected frequency, is di 
rected at the developer mixture and the re?ectance 
thereof is monitored by a photoelectric transducer 
which produces a ?rst output signal representative of 
the intensity of such re?ectance. 
A second photoelectric transducer illuminated directly 
by the source produces a second output signal 
representative of the intensity of the radiation 
emanating from the source as modulated by the 
surrounding environment. The first and second output 
signals of the two transducers are coupled to high pass 
?lters whichv eliminate signals generated by the 
transducers representative of ambient light and 
electrical noise. The ac. output signals from the ?lters 
are converted to d.c. signals corresponding to the ?rst 

220 C, 574 and second output signals of the transducers, which 
d.c. signals are used to control the concentration of 
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TONER CONCENTRATION MONITORING 
APPARATUS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Reference is made to commonly assigned US Pat. 
application Ser. No. 207,226, now abandoned, entitled 
TONER CONCENTRATION MONITORING APPA 
RATUS, ?led on Dec. 13, 1971, in the names of Bruce 
R. Benwood, Theodore H. Morse and Howard D. Sie 
benrock of which the present application is a continua 
tion in part. 

BACKGROUND OF THE INVENTION 

The present application is a continuation-in-part of 
US. Pat. Ser. No. 207,226, now abandon, ?led on Dec. 
13, 1971 in the names of Bruce R. Benwood, Theodore 
H. Morse and Howard D. Siebenrock. 
This invention relates to electrographic development 

apparatus for controlling the concentration of electro 
scopic toner particles in an electrographic developer. 
More speci?cally, this invention relates to improve 
ments in toner concentration monitoring apparatus of 
the type which sense toner concentration by sensing 
variations in re?ectivity of the developer. 

In the electrographic reproduction process, the sur 
face of a radiation-sensitive plate, generally comprising 
a layer of photoconductive material disposed on a con 
ductive backing, is given a uniform electrostatic charge 
and is then imagewise exposed to a pattern of actinic 
radiation corresponding to the indicia on a document 
or the like being reproduced. Such exposure serves to 
selectively dissipate the uniform charge on the surface, 
leaving behind a latent electrostatic image which can 
then be developed by contacting it with an electro 
graphic developer. ~ 

In general, electrographic developers comprise a 
mixture of suitably pigmented or dyed resin-based elec 
troscopic particles, known as toner, and a granular car 
rier material which functions to carry such toner‘ by 
generating triboelectric charges thereon. As mentioned 
above, development of the latent electrostatic image 
occurs when the developer mixture is brought into 
contact with the electrostatic image-bearing surface. 
Such contact is commonly effected by either cascading 
the mixture over such surface or, as is becoming in 
creasingly prevalent, subjecting the surface to the pe 
riphery of one or more rotating magnetic development 
brushes, the “bristles” of which comprise chain-like ar 
rays of toner-coated carrier particles. Upon contacting 
the electrostatic image-bearing surface, the toner parti 
cles, being charged to a polarity opposite to that of the 
electrostatic image, are separated from the carrier par 
ticles and are selectively deposited on the surface to 
form a developed or toner image which may thereafter 
be transferred to a paper receiving sheet and fixed 
thereto by any suitable means, such as heat, to form a 
copy of the original document. . 
Obviously, as toner images are repetitively formed, 

toner particles are continuously depleted from the de 
veloping mixture, requiring subsequent replenishment 
to avoid a gradual reduction in image density. 
To avoid the necessity of manual replenishment and 

the operating difficulties often encountered as a result 
of overreplenishment, a variety of devices has been 
heretofore proposed for automatically replenishing 
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2 
toner particles after a predetermined number of copies 
are made or, alternatively, after the concentration of 
toner particles in the developer mixture drops below a 
predetermined level. One such device, disclosed in US. 
Pat. No. 3,233,781, issued to W. J. Grubbs, utilizes the 
difference in re?ectivity exhibited by toner and carrier 
particles as a means for monitoring the concentration 
of toner particles in the developer mixture. Toner parti 
cles, usually being black and possessing highly absorb 
ing surfaces, re?ect less radiant energy than the carrier 
particles. Thus, the re?ectivity of the developer mix 
ture depends upon the relative proportions of the 
mixed particles, the higher the concentration of carrier 
particles, the higher the re?ectivity of the mixture, and 
vice versa. According to the Grubbs disclosure, the re 
?ectance of the developer mixture is monitoring by di 
recting energy emanating from an incandescent lamp 
toward the mixture and detecting the energy re?ected 
by the mixture with a photoconductive cell. Such pho 
tocell, together with a similar photocell which is illumi 
nated directly by. the lamp and thereby acts as a refer 
ence signal, is employed as a variable resistance arm of 
a bridge circuit which is capable of activating a toner 
replenishing device in response to a predetermined 
change in the ratio of photocell outputs, such change 
being characterized by an unbalance in the circuit. 
While operable, photoelectric toner monitoring de 

vices of the type- described above have not proven en 
tirely satisfactory in operation, especially over ex 
tended periods of time. A principal cause of unsatisfac 
tory performance is the airborne toner particles circu 
lating in the environment in which the monitoring ap 
paratus is employed. These airborne toner particles ac 
cumulate on the external surface of the various compo 
nents of the monitoring apparatus, including the lamp, 
thereby gradually reducing the quantity of light re 
ceived by the detecting photocell. The low level of re 
ceived energy causes the photocell to produce a false 
control signal indicating a greater concentration of 
toner than is actually present in the mixture. To assure 
freedom from erroneous measurements of this type, 
such monitoring apparatus requires frequent cleaning 
maintenance. 
Other causes of dif?culty can be attributed, at least 

in part, to the incandescent lamp used for illuminating 
the development mixture, a luminous energy source of 
relatively low output, unstable intensity and short life, 
and the fact that spectral characteristics of the lamp are 
closely akin to the background light, thereby making 
background discrimination difficult. The reference 
photocell and bridge circuit of the Grubbs apparatus 
provide a means to compensate for ?uctuations in the 
intensity of the output of the lamp itself. The reference 
photocell and bridge circuit cannot, however, compen 
sate for the gradually decreasing output detection 
caused by toner particles accumulating on its exterior 
surface as discussed in the preceding paragraph. 
Detection of ambient light is partially controlled in 

the Grubbs apparatus by enclosing the reference pho 
tocell and lamp within a housing. The problem is not 
eliminated, however, because the detecting photocell is 
not similarly enclosed and will, therefore, sense ambi 
ent light present in the development mechanism. 
Another source of uncompensated error in the 

Grubbs apparatus is the random electrical perturba 
tions, commonly called “noise,” which are received 
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and generated by both the detecting and reference pho 
tocells. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
improve photoelectric devices adapted for monitoring 
and maintaining substantially constant the relative pro 
portion of mixed materials having divergent re?ectance 
characteristics. - 

Another object of the invention is to provide an opti 
cal electrographic toner monitoring apparatus which is 
insensitive to ambient environmental conditions. 
These and other objects of the invention are achieved 

by the provision of a substantially improved apparatus 
for monitoring, during the operation of an electro 
graphic copier, the reflectivity of the developer used 
therein. 
Developer re?ectance monitoring is accomplished by 

directing radiation emanating from a source, periodi 
cally energized at a selected frequency, at a portion of 
the developer wherein the toner concentration is char 
acteristic of that of the overall developer mixture. A 
?rst photoelectric transducer is positioned to be irradi 
ated by the pulsed radiation re?ected from the devel 
oper mixture and provides an output signal representa 
tive of the intensity of the re?ected radiation. 
A second photoelectric transducer, positioned to re 

ceive directly the radiation from the source, provides 
an output signal representative of the intensity of the 
emitted radiation as modulated by the surrounding en 
vironment. In one embodiment, the outputs of both 
photoelectric transducers, after being passed through 
ampli?ers, high pass ?lters and peak detectors serve as 
the inputs to a divider network, the output of which is 
representative of the ratio of the transducer outputs 
and can be used as a control signal to activate a toner 
replenishment device when the amplitude of the con 
trol signal is outside a preset range. Alternatively, the 
second transducer and associated ampli?er, ?lter and 
peak detector are used as a feedback loop that corrects 
and maintains the intensity of the output of the radia 
tion source at a constant value. The outputs from the 
?rst transducer, amplifier, ?lter and peak detector 
which are inversely proportional to the toner concen 
tration in the developer mixture, assuming the toner 
particles have a higher optical re?ection density than 
the carrier particles, are used to activate the toner re 
plenisher whenever the amplitude of such signals rises 
to a predetermined value. 
The apparatus of the invention has been found to be 

particularly well adapted for use with conventional 
magnetic brush developing assemblies, although it is 
contemplated that such apparatus can be adapted for 
use with other types of developing assemblies, such as 
the cascade type. 
The objects and various advantages of the present in 

vention can best be understood from the ensuing de 
tailed description of preferred embodiments, reference 
being made to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a front elevation view of an automatic elec 
trographic copier wherein the present invention has 
utility; 
_ FIG. 2 is a plan view of a magnetic brush develop 
ment station embodying the invention, including a 
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block diagram of toner concentration monitoring appa 
ratus according to a preferred embodiment; 
FIG. 3 is a cross sectional view of the magnetic brush 

developing station depicted in FIG. 2 taken along the 
section line 3—3; 

FIG. 4 is a detailed electrical schematic of the cir 
cuitry depicted in FIG. 2; and 
FIG. 5 is a block diagram of another embodiment of 

the toner concentration monitoring apparatus of the 
invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

To assist the understanding of the present invention, 
the operation of an electrographic copying machine in 
which the invention may be used will be brie?y de~ 
scribed. It is to be understood, however, that the appa 
ratus of the present invention could be used with equal 
facility and advantage in other copying machines and, 
therefore, that the following description of apparatus 
related to but not forming part of the invention is pro‘ 
vided for illustrative purposes only. 
Referring now to the drawings and in particular to 

FIG. 1, an electrophotographic copying machine 
wherein the invention is particularly useful is shown to 
comprise an endless photoconductive belt 2, driven 
about rollers 3 and 4 along a predetermined path by 
motor 5 which is operably coupled with one of the rol 
lers. Disposed along the path are the various electro 
photographic stations which serve to form a toner 
image of the document being reproduced on the outer 
surface of belt 2. As belt 2 passes charging station 6, its 
outer surface receives a uniform electrostatic charge 
from a corona source or the like. Upon being uniformly 
charged, the belt is advanced past an exposure station 
7 where it is imagewise exposed to actinic radiation in 
accordance with the light and dark areas of the original 
document. Such imagewise exposure serves to selec 
tively dissipate the uniform charge on the belt to form 
an electrostatic latent image corresponding to the indi‘ 
cia on the original document. Development of the elec 
trostatic image is accomplished as belt 2 is advanced 
past development station 8. The latter generally com 
prises a reservoir for containing an electrographic de 
veloper, and means for applying the developer to the 
electrostatic image so as to render the image visible. By 
employing appropriately charged toner particles, it is 
possible to produce a positive or negative toner image 
of the original document. In order to reuse that portion 
of the photoconductive belt bearing the toner image, 
the toner image is transferred to a paper receiving sheet 
11 on which the toner image can be permanently fused. 
Such a transfer is commonly effected by a paper feed 
ing device 12 which feeds sheets of paper from a paper 
supply 13 to a transfer station 14 simultaneously with 
the passage therepast of the toner imageabearing belt 2. 
A shift register R serves to control the timing of the 
electrophotographic operations and to synchronize the 
feeding of the paper receiving sheets with the move 
ment of the photoconductive belt. The shift register R 
includes a rotatable segmented and slotted cylinder 20 
which is driven by suitable means, such as belt 22 ex‘ 
tending from a pulley around roller 3 so that movement 
of the shift register is in direct response to movement 
of the photoconductive belt 2. 
Transfer station 14 commonly comprises means for 

electrostatically charging the paper receiving sheet so 



5 
as to attract toner particles from belt 2 thereto. After 
the toner image is transferred to the paper receiving 
sheet, the sheet is peeled away from the belt as the lat 
ter passes over small roller’ 4. The toner-bearing receiv 
ing sheet is then attracted by endless mesh belt trans 
port 24, traveling about rollers 25 in a clockwise direc 
tion and at the same speed as belt 2, and is advanced 
thereby past a fusing station 30 where the toner image 
is permanentized. The paper receiving sheet, with its 
toner-bearing surface facing downward, is caused to 
adhere to transport 15 by a source of negative pressure 
on the rear surface of the lower leg of the transport. 
After fusing, the receiving sheet is dropped in a recep 
tacle 31. 
Referring now to FIGS. 2 and 3, the developing sta 

tion 8 of the electrophotographic apparatus described 
hereinabove may, for instance, be of the magnetic 
brush variety, commonly comprising a trough 50 for 
containing an electrographic developer 51, and a pair 
of conventional magnetic development brushes 52 and 
53 for applying the developer to the electrostatic im 
age-bearing surface of belt 2. Each brush generally in 
cludes a rotatably mounted aluminum cylinder 54 hav 
ing at least one magnetic pole piece 55, shown in FIG. 
3, interiorly disposed in a fixed position along the longi 
tudinal axis thereof. As previously mentioned, electro 
graphic developer 51 generally comprises a mixture of 
toner and carrier particles which adhere to each other 
under the in?uence of triboelectric forces. In magnetic 
brush development, the carrier particles are fabricated 
from a magnetically attractable material so as to be at 
tracted to the surface of cylinder 54 by the magnetic 
field produced by the internal pole pieces 55 to form 
chain-like arrays 57 which resemble the bristles of a 
brush. A pair of rotating mixing augers 58 and 59 serve 
to continously circulate the developer laterally through 
trough 50 and maintain the relative concentrations of 
the developer components substantially constant 
throughout the trough. Typically, drive means (not 
shown) are provided for rotating the development 
brushes in a direction such that the movement of the 
brushes in the vicinity of contact with belt 2 is in a di 
rection opposite the direction of travel of belt 2. 

' As cylinders 54 rotate, developer 51 collects on the 
outer surfaces thereof under the in?uence of the mag 
netic ?eld produced by the internal pole pieces 55. As 
the electrostatic image-bearing surface of belt 2 tan 

‘ gentially contacts the developer-bearing cylinders, 
toner is stripped from the carrier particles, due to the 
stronger electrostatic forces, and selectively deposited 
on the belt surface to form toner images. As the cylin 
ders continue to rotate, the partially denuded carrier 
particles used in forming the toner images are moved 
beyond the in?uence of pole pieces 55 and fall back 
into the main body of the developer to be recoated with 
toner. Obviously, as toner images are continuously 
formed, the concentration of toner in the development 
mix gradually diminishes, the ultimate result being 

' toner images of gradually decreasing density. 
Turning now to a more speci?c description of the 

subject matter of the present invention there is pro 
vided improved apparatus to continuously monitor the 
concentration of toner in the electrographic develop 
ment mix and provide a signal whereby a conventional 
toner replenisher is activated to maintain the concen 
tration of toner at or above the level required for high 
quality copies. Since the carrier and toner components 
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of the development mixture commonly possess diver 
gent re?ectance characteristics, toner having a lower 
reflectivity than the carrier component, the reflectance 
of the development mix is an accurate measure of the 
relative concentrations of its two major components. 
The higher the concentration of the carrier particles, 
the higher the re?ectance of the development mix. 
Stated otherwise, the developer re?ectance is inversely 
proportional to the toner concentration. 

Referring now to FlGS. 245 illustrating one embodi 
ment of the invention, monitoring of the re?ectance of 
the development mix 51 is accomplished by directing 
the output of radiant energy source 60, preferably a 
light emitting diode, toward a portion of the developer 
where the concentration is representative of the aver 
age toner concentration throughout the development 
mix. In a magnetic brush development station, the 
toner concentration on the downstream development 
brush (i.e., brush 53) between the points where the 
brush surface energes from the development mix and 
?rst contacts the surface of belt 2 is usually character 
istic of the average toner concentration. Between such 
points, the surface of the development brush comprises 
fresh developer which has not yet been subjected to the 
localized depletion of toner which results from devel 
opment of the electrostatic image. Alternatively, toner 
concentration can be monitored on the upstream de 
velopment brush (i.e., brush 52) between the points 
where the brush surface loses contact with the surface 

' of belt 2 and reenters the development mixture. To 
eliminate the effect of localized toner depletion from 
the surface of the upstream development brush, a 
comblike member 65 having teeth 66 extending into 
the brush surface (as shown in FIG. 3) can be used to 
agitate the developer carried by the rush before being ' 
subjected to the toner monitoring operation. 
The use of a light-emitting diode as the source of ra 

diation from which developer re?ectance is determined 
offers the advantages over conventional sources of 
long-term stability, collimated output, fast response 
time, compactness and physical durability. Because of 
its fast response time, the light-emitting diode can be 
electronically pulsed at electronic speeds (i.e., faster 
than several hundred Hertz), thereby offering a means 
for readily discriminating against electrical interfer 
ence, commonly called “noise,” and normal environ 
mental lighting which might illuminate the receiving 
element. 
The periodic energization of the light-emitting diode 

is accomplished by means of a conventional pulse gen 
erator 67, comprising for example a unijunction oscilla 
tor and pulse shaping multivibrator (not shown), oper 
ating at' 1,000 Hertz. ‘ 
'A lens 62 serves to concentrate the energy re?ected 

from the developer mixture on the brush surface onto 
the radiation sensitive surface of a photoelectric trans 
ducer 61, preferably a silicon photodiode operating in 
the zero-bias photovoltaic mode. The use of a photodi 
ode as a receiving element offers the advantages over 
conventional photoconductive and photovoltaic cells 
of temperature stability and linearity of operation, par 
ticularly when used in the photovoltaic zero-bias mode. ' 
When a silicon photodiode is used as the receiving ele 
ment, a gallium arsenide light-emitting diode is particu 
larly preferred since the wavelength at which thedi 
ode’s output peaks is in the near infrared spectral re 
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gion which closely matches the peak spectral response 
of a silicon photodiode. 
The special region wherein developer re?ectance is 

monitored is chosen with availabity and cost require 
ment of commercial light-emitting diodes and silicon 
photodetectors in mind; however, the most important 
requirement is that of choosing the wavelength at 
which the re?ectance disparity between toner and car~ 
rier is maximum, thereby producing the greatest system 
sensitivity possible. Since the re?ectance disparity be 
tween toner and carrier particles was found to be sub 
stantially constant throughout the visible and near in 
frared spectral regions, efforts were restricted to 
matching the spectral output of the light-emitting diode 
with the spectral response of the photodetector, and 
also to minimizing the sensitivity of the re?ectance 
monitoring apparatus to normal environmental light 
ing. To maximize the use of available energy, the light 
emitting diode 60 and photodiode 61 are preferably ar~ 
ranged side by side along and below the edge of belt 2, 
as shown in FIG. 3. 
The a.c. output of the re?ectance monitoring photo 

diode 61 is fed to ampli?ers 80 and 82 and then to a 
high pass ?lter 91 comprising capacitor C4, resistor 
R18 and diode D8. The ?lter 91 ?lters the components 
of the signals generated by the photodiode 61 which 
are representative of the electrical interference of the 
circuitry and the detected level of ambient light. The 
output of ?lter 91 is fed to a peak detector 63 which 
converts its input to a d.c. signal having an amplitude 
directly proportional to the re?ectance of the devel 
oper mixture 51 and, hence, inversely proportional to 
the instantaneous toner concentration. Peak detector 
63 also functions to prevent isolated input signals from 
activating a conventional toner replenisher 64 such as 
disclosed in US. Pat. No. 3,409,901. Consequently, the 
detector 63 activates the toner replenisher 64 only 
when the amplitude of a predetermined number of 
input signals is outside a preset range. 
Since the atmospheric environment wherein the re 

?ectant monitoring apparatus of the invention is em 
ployed is normally contaminated by toner particles cir 
culating in the air in the vicinity of the development 
station 8, there is a tendency for toner to gradually ac 
cumulate on the external surfaces of the various ele 
ments of the monitoring apparatus, including the light 
emitting diode. Such accumulation would, if not com 
pensated for, gradually reduce the output from diode 
60, thereby gradually reducing the energy received 
from photodiode 61. To stabilize the output of the 
light-emitting 60, an electro-optical feedback loop is 
provided which serves to gradually adjust the peak-to 
peak amplitude of the pulsed output of generator 67 as 
the modulated radiant output of the light-emitting 
diode gradually changes. Such a feedback loop obvi 
ates the necessity of a periodic cleaning operation to 
maintain the optics of the monitoring apparatus in the 
same condition as existed at the time of callibration. 
The feedback looping includes a second photodiode 68 
disposed to receive modulated energy directly from 
light-emitting diode 60, an a.c. ampli?er 81, a high pass 
?lter 92, a peak detector 69 and a d.c. ampli?er 70. 
Like re?ectance monitoring photodiode 61, the feed 
back photodiode 68 is preferably operated in the zero 
bias photovoltaic mode. Similarly, ?lter 92 serves to ?l 
ter the components of the signals generated by the pho 
todiode 68 representative of electrical interference and 
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8 
ambient light. Peak detector 69 serves to convert the 
pulsed a.c. output from the feedback photodiode 68 to 
a d.c. signal having an amplitude proportional to the 
peak-to-peak amplitude of such output and to prevent 
spurious signals from effecting the adjustment of the 
output of light emitting diode 60. The output of the 
peak detector 69 is ampli?ed by the d.c. ampli?er 70 
and is fed back to pulse generator 67 to control the 
peak-to-peak amplitude of the pulses provided thereby. 

By operating the photodiodes 61 and 68 in the photo‘ 
voltaic, zero-bias mode, the dark current is exactly zero 
and the response is perfectly linear. Since the dark cur 
rent is zero, the photodiodes are practically insensitive 
to the temperature variations normally associated with 
the interior of the electrographic copying machine. 
Thus, temperature-compensation is unnecessary in the 
toner monitoring apparatus of the invention, unlike the 
apparatus disclosed in US. Pat. No. 3,399,652 wherein 
a thermistor is employed to stabilize system sensitivity. 
However, operation at zero-bias necessitates the use of 
a high gain, ampli?er, such as a conventional opera 
tional ampli?er. Thus, the outputs of photodiodes 61 
and 68 are applied to the inputs of operational amplif 
ers 80 and 81, respectively, to amplify their respective 
photocurrent outputs before being peak detected. 

In FIG. 4 there is provided an electrical schematic 
which illustrates preferred circuits for maintaining the 
output of the light-emitting diode 60 substantially con 
stant and for deriving an electrical signal from the out 
put of photodiode 61 by which the toner replenishing 
apparatus can be activated. As mentioned above, stabi 
lization of the output of the light-emitting diode 60 is 
accomplished via an electro-optical feedback which in 
cludes silicon photodiode 68 positioned to continu 
ously sample the radiant output of light-emitting diode 
60 as modulated by the airborne toner particle cloud 
surrounding the development brushes 52 and 53. Oper 
ation of the photodiode 68 in the zero-bias photovol 
taic mode is made possible through the use of opera 
tional ampli?er 81 which functions as a current—to 
voltage transducer. The gain of ampli?er 81 is deter~ 
mined by feedback resistor R1. The output of photodi 
ode 68 constitutes a series of current pulses, the fre 
quency and amplitude of which are proportional to the 
modulation frequency and the environmentally modi 
?ed irradiation intensity of the light-emitting diode 60, 
respectively. Operation ampli?er 81 serves to amplify 
and convert such current pulses to voltage pulses of 
proportional amplitude. The a.c. output of ampli?er 81 
is coupled' to high pass ?lter 92 comprising capacitor 
C1 and diode D2. High pass ?lter 92 functions to ?lter 
the d.c. components of the signals generated by photo 
diode 68 representative of undesired electrical interfer 
ence as well as low frequency a.c. signals representative 
of the level of ambient light detected by the photodi 
ode. The output of high pass ?lter 92 is fed to peak de 
tecting circuit 69 which comprises diode D1, resistors 
R1 and R3, and capacitor C2. The d.c. output of the 
peak detector 69, being directly proportional to the ra 
diant output of the light-emitting diode 60, is subse 
quently applied to the non-inverting input of .the high 
gain differential d.c. ampli?er 70. A control voltage de 
rived from resistors R4, R5 and R6 is supplied to the 
inverting output of ampli?er 70. The control voltage 
serves to balance out the peak detector signal voltage 
so that the high-gain ampli?er can be utilized. Variable 
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resistor R6 serves to provide an external control on the 
operating point of the light-emitting diode 60. The val 
ues of resistors R4 and R7 determine the gain of ampli 
fier 70. Resistors R8 and R9 and diode D3 serve to pre 
vent ampli?er 70 from saturating on initial startup. The 
output of ampli?er 70 is a very sensitive indicator of 
the output of the light-emitting diode 60. That is to say, 
when the output of the light-emitting diode 60 changes 
slightly, the output of ampli?er 70 will re?ect this 
change with an ampli?cation equal to its gain. The out 
put of ampli?er 70 is fed back and combined with the 
input from pulse generator 67. Diodes D4 and D5 com 
prise a summing network to combine the feedback volt 
age and the pulse generator input. This summation 
serves to adjust the pulse amplitude that appears at the 
base of transistor Q1, which in turn drives the light_ 
emitting diode 60. Resistor R10 is a load resistor for 
ampli?er 70 and the pulse generator. Transistor Q1 
ampli?es and inverts its pulse train input which is sub’ 
sequently capacitively coupled through capacitor C3 to 
the Darlington current ampli?er Q2 and Q3. Resistors 
R11 and R12 determine the bias level and ampli?ca 
tion factor of transistor Q1. Diode D6 provides a dis 
charge path for capacitor C3 through transistor Q1. 
Resistors R13 and R22 act to control the amplitude of 
the current pulses supplied to light-emitting diode 60. 

Also shown in FIG. 4 is circuitry for processing the 
output of the re?ectance-monitoring photodiode 61. 
Operational ampli?er 80 serves as a current-to-voltage 
transducer for converting the signal current from the 
photodiode 61 to a signal voltage. The signal voltage is 
ampli?ed by voltage ampli?er 82. Resistors R14, R15 
and R16 are used to set the gain of ampli?ers 80 and 
82. Resistor R17 is used to balance the input bias cur 
rent for ampli?er 82. The output of ampli?er 82 is then 
coupled to high pass filter 91 comprising capacitor C4 
and diode D8. High pass ?lter 91 ?lters the dc. compo 
nents of the signals generated by photodiode 61 repre 
sentative of undesired electrical interference as well as 
low frequency a.c. signals representative of the level of 
ambient light detected by the photodiode. The output 
of ?lter 91 is fed to the peak detector 63 comprising re 
sistors R18 and R19, diode D7, and capacitor C5 which 
functions to convert its pulsed a.c. input to a do. out 
put and to prevent isolated peak signals from activating 
the toner replenisher 64. Transistor Q4 and associated 
biasing resistors R20 and R21 are used as a buffer stage 
to obtain impedance matching to the toner replenishing 
circuitry. The output of transistor Q4 is proportional to 
the instant radiation on the photodiode 61, which in 
turn is proportional to the reflectivity of the electro 

' graphic developer. When the output signal from tran 
sistor Q4 exceeds a predetermined level, thereby indi 
cating that the toner concentration has dropped below 
a desired level, the toner replenisher is activated. 
Referring now to FIG. 5, circuitry is diagrammat 

ically illustrated for continuously providing an electri 
cal signal having an amplitude proportional to the ratio 
of the outputs of photodiodes 61 and 68. As shown, the 
output of the light-emitting diode 60 is used to directly 
illuminate the photodiode 68 through the airborne 
toner cloud surrounding the development brushes 52 
and 53. The ac. output of photodiode 68 is ampli?ed 
by operational ampli?er 81 and ?ltered by high pass ?l 
ter 92. The output of ?lter 92 is then peak detected by 
peak detector 69, and the dc. output of the peak detec 
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tor is fed as a reference signal to one of the inputs of 
a conventional divider network 86. The ac. output of 
the re?ectance-monitoring photodiode 68, upon being 
ampli?ed by ampli?ers 80 and 82, ?ltered by high pass 
filter 91 and peak detected by peak detector 63 serves 
as the other input to the divider network. Such circuitry 
obviates the necessity for an optical feedback loop to 
maintain the output of the light-emitting didode sub 
stantially constant. It achieves long-term stability by al 
ways normalizing the output of photodiode 61 to the 
radiant output of the light-emitting diode 60 as modi 
fied by the toner cloud in the surrounding atmospheric 
environment. By this arrangement, any changes in the 
output of the light-emitting diode 60 and any changes 

5 in the density of the toner cloud or in the accumulation 
of toner particles on the external surfaces of the optical 
components of the system will be automatically elimi 
nated through the division provided by the divider net 
work. Since this system is completely symmetric, its 
stability depends on the ratio of the errors in the two 
photodiodecircuits and on the stability of the divider 
network. In this mode of operation, any errors in the 
two detector circuits tend to cancel each other and the 
system stability has been found to depend primarily on 

vider network is the Philbrick-Nexus Model 4452 di 
vider module. This device is hermetically sealed and 
has a temperature coef?cient of only 3mvl° C for a 25° 
C shift in temperature, there is less than 1 percent 
change in a 10 volt output signal. Alternatively, the di 
vider network may comprise a digital computer in 
which case, of course, the detected ampli?ed and ?l 
tered signals of the photodiodes are converted to a digi 
tal format prior to processing by the computer.v The 
computer performs the required calculation and out 
puts a signal to drive the toner replenisher 64. 
The re?ectance monitoring systems disclosed herein 

have been found to be extremely sensitive to minute 
changes in the re?ectivity of the mixture being moni 
tored, and exceptionally stable over extended periods 
of operation. For these reasons, they have been found 
useful in maintaining the relative proportions of mixed 
materials substantially constant over extended periods 
even when the reflectance disparity of such materials 
is very small. For instance, a change in toner concen 
tration of from 0 to 7 percent (7 percent toner concen 
tration producing total saturation or coverage of the 
carrier particles with toner) results in a 25 percent 
change in the re?ectivity of the developer mixture. 
Since, for many developers, it is desirable to maintain 
the toner concentration within the range of 4.75 to 
5.25 percent, it may be appreciated that the system 
must be suf?ciently sensitive to detect changes in the 
re?ectivity of the developer of the order of 1 percent. 
By taking into account the changes in the density of the 
atmospheric environment in which the monitoring ap 
paratus is employed as well as the gradual accumula 
tion of mixed materials on the external surfaces of such 
apparatus, the re?ecting monitoring systems have also 
been found to possess the stability required for main 
taining the toner concentration within the required 
range for several months of continued use. 
The invention has been described in detail with refer 

ence to preferred embodiments thereof but it will be 
understood that variations and modi?cations can be ef 
fected within the spirit and scope of the invention. 

1 claim: 

that of the divider network. A particularly useful di-' 
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1. ln an electrographic machine having a develop 
ment mechanism which brings a developer mixture of 
carrier particles and toner particles having divergent 
re?ectance characteristics into contact with a latent 
electrostatic image, the relative motion between the 
developer mixture and the latent image creating a 
cloud of airborne toner particles surrounding the devel 
opment mechanism and an apparatus for regulating the 
relative proportion of the carrier and toner particles in 
the developer mixture, the regulating apparatus includ 
ing a source of radiant energy directed toward the mix 
ture, a first photo-electric transducer illuminated by 
the radiation re?ected from the developer mixture, a 
second photoelectric transducer illuminated directly by 
the radiant energy source, and means responsive to the 
transducer outputs for producing a control signal rep 
resentative of the proportion of toner and carrier parti 
cles in the mixture, the improvement wherein the sec 
ond photoelectric transducer is positioned so as to re 
ceive radiation from the radiant energy source which 
passes through the airborne toner cloud and to provide 
an output signal representative of the intensity of the 
radiation produced by the radiant energy source as 
modulated by such toner cloud. 

2. Apparatus for monitoring the proportion of a mix 
ture of carrier and toner particles having divergent re 
?ectance characteristics, the apparatus being used in 
an environment including a circulating airborne cloud 
of such particles, said apparatus comprising: 

a. a radiation source for projecting radiant energy 
upon a portion of the development mixture; 

b. means for periodically energizing said source to 
produce pulses of radiation at a selected frequency; 

c. ?rst photosensitive means positioned to receive 
pulses of radiation re?ected from the development 
mixture, said ?rst photosensitive means being 
adapted to provide an output signal representative 
of the re?ectivity of the mixture as modulated by 
the particle cloud; 

d. second photosensitive means positioned to receive 
pulses of radiation from said source which pass 
through the particle cloud, said second photosensi 
tive means being adapted to provide an output sig 
nal representative of the intensity of the radiation 
produced by said source as modulated by the parti 
cle cloud; 

e. first and second ?lters coupled with the output sig 
nals from said first and second photosensitive 
means for ?ltering signals of non-selected frequen 
cies; and 

f. means coupled to said ?rst and second ?lters and 
responsive to the output signals therefrom for pro 
ducing a signal representative of the proportion of 
toner particles in the mixture. 

3. The invention as de?ned in claim 2 wherein said 
source of radiant energy comprises a light emitting di 
ode. 

4. The invention as de?ned in claim 2 further com 
prising a pair of peak detectors operatively connected 
to said ?rst and second photosensitive means and 
adapted to provide d.c. signals proportional to the peak 
to peak outputs of said ?rst and second photosensitive 
means. 

5. Apparatus for monitoring the proportion of mixed 
materials having divergent re?ectance characteristics, 
said apparatus comprising: 
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a. a container for the mixed materials; 
b. a luminous diode capable of emitting infrared en 
ergy when energized; 

c. means for periodically energizing said diode to 
produce pulses of infrared energy at a selected fre 
quency; 

d. means for directing said pulses of infrared energy 
toward the mixed materials; 

e. a first photoelectric transducer responsive to said 
infrared energy positioned to receive said pulses of 
infrared energy after re?ection by the mixed mate 
rials, said ?rst photoelectric transducer being 
adapted to produce an output signal having an in 
formational content representative of the re?ectiv 
ity of the mixture as modulated by the interior envi 
ronment of said container; 
a second photoelectric transducer responsive to 
said infrared energy positioned to receive said 
pulses of infrared energy directly from said diode, 
said second photoelectric transducer being 
adapted to produce an output signal having an in~ 
formational content representative of the intensity 
of radiation emitted from said diode as modulated 
by the interior environment of said container; 

g. a pair of high pass ?lters coupled to the outputs of 
said ?rst and second photoelectric transducers and 
adapted to pass signals only of said selected fre 
quency; 

h. a pair of peak detectors coupled to the outputs of 
said ?rst and second photoelectric transducers 
through said ?lters, said peak detectors being 
adapted to provide d.c. signals proportional to the 
peak to peak outputs from said photoelectric trans 
ducers; and 

i. means coupled to the outputs of said peak detec 
tors and adapted to provide a signal proportional to 
the ratio of said peak detector outputs, said ratio 
being proportional to the proportion of the mixed 
materials; 

6. The invention as de?ned in claim 5 wherein said 
means coupled to the outputs of said peak detectors 
comprises a divider network. 

7. Apparatus for monitoring the proportion of a de~ 
velopment mixture of carrier and toner particles having 
divergent re?ectance characteristics, the apparatus 
being used in an environment including a circulating 
airborne cloud of such particles, said apparatus com 
prising: 

a. a radiation source for projecting radiant energy 
upon a portion of the development mixture; 

b. means for periodically energizing said source to 
produce pulses of radiation at a selected frequency; 

c. ?rst photosensitive means positioned to receive 
pulses of radiation re?ected from the development 
mixture, said first photosensitive means being 
adapted to provide an output signal representative 
of the re?ectivity of the mixture as modulated by 
the particle cloud; 

d. a ?rst high pass ?lter coupled to said ?rst photo 
sensitive means for ?ltering output signals of non 
selected frequencies; 

e. means coupled to said first high pass ?lter for regu 
lating the proportion of the particles of the devel 
opment mixture in response to a predetermined 
change in the amplitude of the output signals from 
said ?rst high pass ?lters; 
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f. second photosensitive means positioned to receive 

pulses of radiation from said source which pass 
through the particle cloud, said second photosensi 
tive means being adapted to provide an output sig 
nal representative of the intensity of the radiation 
produced by said source as modulated by the parti 
cle cloud; and 

g. a second high pass ?lter coupled to said second 
photosensitive means for ?ltering output signals of 
non-selected frequencies, the output signals of said 
second filter being coupled to said radiation source 
to maintain the intensity of the radiation output 
produced by said source at a constant value. 

8. The invention as de?ned in claim 7 further com 
prising first and second peak detectors coupled to said 
?rst and second ?lters, respectively, and adapted to 
provide d.c. signals proportional to the outputs of said 
?rst and second ?lters. 

9. For use in an electrographic machine in which a 
surface carrying an electrostatic charge pattern is con 
tacted by the bristles of an electrographic magnetic de 
velopment brush, the bristles comprising an electro 
graphic development mixture of carrier particles and 
toner particles having divergent re?ectance character 

’ istics, the contact of the charge pattern by the brush 
bristles producing an airborne toner particle cloud sur 
rounding the development brush, an apparatus for reg 
ulating the proportion of such particles in the mixture, 
said apparatus comprising: 

a. a source of radiant energy; 
b. means for periodically energizing said source to 
produce pulses of radiation at a selected frequency; 

c. means for directing said pulses of radiation ema 
nating from said source toward the development 
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brush to irradiate a portion of the development 
mixture thereon; 

d. a ?rst photoelectric transducer positioned to re 
ceive said pulses of radiation after re?ection by the 
development mixture, said ?rst photoelectric trans 
ducer being adapted to provide a ?rst output signal 
representative of the re?ectivity of the mixture on 
the development brush as modulated by the sur 
rounding toner particle cloud; 

e. a second photoelectric transducer positioned to 
receive said pulses of radiation from said source 
which pass through the toner particle cloud, said 
second photoelectric transducer being adapted to 
provided a second output signal representative of 
the intensity of radiation emanating from said 
source as modulated by the surrounding toner par» 
ticle cloud; 

f. first and second high-pass ?lters connected to the 
outputs of said ?rst and second photoelectric trans 
ducers, respectively, for ?ltering signals of non 
selected frequencies; and 

g. means responsive to said ?ltered ?rst and second 
output signals and adapted to produce a third out 
put signal representative of the proportion of toner 
particles in the mixture. 

10. The invention as de?ned in claim 9 further com 
prising converter means coupled to said ?rst and sec 
ond ?lters and adapted to provide d.c. signals propor 
tional to the outputs of said ?rst and second ?lters. 

11. The invention as de?ned in claim 9 further com 
prising means extending into the brush bristles for agi 
tating the development mixture before the mixture is 
subjected to said pulses of radiation emanating from 
said source. 

* >l< * * * 
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