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The presently disclosed invention pertains to com 
bustion surveillance :and control systems such as may be 
useful in large steam power-generating plants, and more 
particularly, to a unique system for reducing or elim 
inating the possibility of fuel explosions in the combus 
tion chamber and for reducing pollution of the atmosphere 
by combustion-chamber exhaust products. 

It is known that many serious and costly' boiler ex 
plosions are caused, especially during periods of low-load 
operation and during start-up operations, due to accumula 
tions of explosive mixtures in certain regions in the 
combustion chamber and ñue passages. Such explosions 
occur from a great variety of conditions, including those 
attending llame failure, load changes on the system with 
a resultant loss of accurate control of fuel-air ratio, and 
situations wherein an excess of fuel is lsupplied under 
low-load conditions. Sometimes the trouble is caused 
by chan-ge in the heating-value or B.t.u. content of the 
fuel, despite the efforts of attendant personnel to main 
tain proper fuel air ratio. Other causes of such danger 
ous accumulations of explosive mixtures are known to 
those experienced in power plant operation. 

Heretofore there has been no adequate means or tech 
nique to determine incipient build-up of dangerous con 
centrations of explosive mixtures in a conñned space 
quickly enough to permit either corrective or explosion 
prevention operations to be carried out, with the result 
that explosions have occurred. Of course, dangerous 
accumulations may occur without any ensuing explosion, 
but the potential hazard to property and life is none 
the less undesirable. 
The present invention provides a system and means 

for performing rapidly-repeated inspections of known 
constituents contained in each of one or more loca 
tions wherein dangerous concentrations of explosive fuel 
air mixtures might accumulate, the tests being each com 
pleted and repeated in small periods of time of the order 
of a fraction of a second; and the system and means pro 
vides for monitoring of any increase from a conservatively 
safe concentration toward a dangerous level and for 
effecting changes that prevent build-up to actually danger 
ous conditions or concentrations of explosive constituents, 
The system provides for automatic repeated surveillance 
of as many regions as may ybe necessary or desired. The 
testing of the gaseous or other combustible mixtures in 
each region of interest is accomplished by repetitively 
examining the region at intermittent short time intervals 
with a beam of pulsed microwave energy, utilizing tech 
niques and technology known in the microwave spec 
troscopy arts, and using an electronic data processor or 
computer to evaluate the results of the repetitive examina 
tions by comparison of the repetitively updated informa 
tion obtained, with information previously stored in 
the data store or memory of the computer. 

According to the invention a microwave energy gen 
erator is repetitively triggered to generate pulses of 
frequency content selected to include or be limited to that 
causing resonance in a particular known constituent of 
interest for example, methane, and the energy is prop 
agated in a beam through a region where dangerous 
accumulations may occur. Any absorption of energy 
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from the beam is an indication of the presence of the 
constituent in the region and, of course, the absorption 
of energy of a particular frequency indicates the presence 
of that constituent. By proceeding with successive 
pulses of different `selected frequencies, determinations 
may be made of the presence of other known constitu 
ents of interest. Comparison of energy received after 
passage of the beam through the region of interest, with 
a directly measured beam sample, as by means of a com 
parator means, in each instance furnishes a signal indica 
tive of the abundancy of the respective constituent. The 
thus derived signals are converted into data compatible 
with the computer and the data introduced into the 
computer and there serially compared with sets of stored 
empirical data previously derived with the apparatus. 
By these comparisons the computer, under control of a 
determined stored program, »determines at each cycle 
of the program, the variation from empirical norms 
derived from previous `analyses and the separation be 
tween the existing constituents concentration and one 
of lowest permissible `danger level. Thus the computer 
senses any drift away from safe levels of explosive mix 
tures toward dangerous levels, once at each cycle, and is 
set to .trigger alarm means and control means if the drift 
approaches nearer than `a 4determined separation from 
the lowest permissible dangerous level. 

Since microwave operations and computer operations 
may both be effected with great rapidity, the complete 
cycles of operations can be effected in respective small 
periods of time of the order of a fraction of a second. 
Thus by repetitive successive cyclical operations sub 
stantially continuous examination of any region of in 
terest may be accomplished. Also by providing suitable 
microwave equipment at each site of interest, a plurality 
of regions of potential «danger may be constantly kept 
under automatic watch. The microwave generator or 
generators, .an-d the comparator, and other appurtenant 
apparatus, are controlled by the computer whereby all 
operations are properly and suitably timed; and the com 
puter is controlled in its operations by a stored program 
with optional interruption by externally introduced con 
trol signals. The construction and arrangement are such 
that upon sensing of an incipient condition of danger 
the computer initiates operation of means controlling' 
the admission of fuel, and of air, into the combustion 
chamber. 

It will be understood that the term “material” or “ma 
terial of known constituents” in this disclosure, is intended 
as generic to liquid, gaseous and solid materials as well 
as combinations of these. In the case of solid materials, 
inspection is desirably performed in a flowing air or 
gaseous suspension of finely divided portions of the solid 
material for reasons well known to those skilled in the art 
of making measurements utilizing electromagnetic wave 
energy. Liquid materials are desirably processed in an 
atomized state. It has been determined, and pertinent to 
the operation of this system, that absorption of microwave 
energy by liquid or solid particles entrained in air or a 
gaseous stream, definitely describe their composition when 
the wavelength of the beam is greater than the particle 
size. 

The preceding, brief, general description of the inven 
tion makes it evident that it is a prime object of the in 
vention to provide a system for reducing the danger of 
explosions in fuel-combustion processes. 
Another object of the invention is to provide means 

for automatically monitoring the products of reaction in 
one or more regions of interest. 
Another object of the invention is to provide means 

for monitoring incipiently dangerous accumulations of ex 
plosive mixtures in a region of interest. 
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Other objects of the invention will be made apparent 
in the appended claims and in the following description 
of a preferred system according to the invention as illus 
trated in the accompanying drawings. In the drawings: 
FIGURE l is a schematic block-diagram showing data 

signal channels and control-signal channels, in an array 
of coordinated physical apparatuses organized and inter 
connected in accord with the invention; and 
FIGURE 2 is a diagram similar in character to FIG 

URE 1, illustrating a modified form of system incorporat 
ing principles of the invention. 
The invention is herein illustratively exemplified in a 

system for controlling fuel and air input to a boiler in 
response to concurrent gas-stream inspection in one or 
more locations within the boiler and contemporaneously 
supplied data supplied from an external source such as a 
demand-indicator; a simpler system being illustrated in 
FIGURE 1 and a more complex and versatile system in 
FIGURE 2. 

Referring iirt to FIGURE 1, there is indicated by ordi 
nal 10 an organization of components comprised in a 
steam-boiler, including a fuel-inlet means 12, a combus 
tion-chamber 14, a superheater 16, economizer 18, air 
heater 20, and flue-duct 22, the described boiler being of 
any suitable and known construction. Fuel of any nature, 
as for example, powder, liquid, gas or vapor and air mix 
ture is controllably introduced to the combustion cham 
ber by any suitable means, as for example, by burner 12, 
where combustion is initiated and continues as the fuel 
burns and products of combustion ñowing toward ñue 
duct 22 as is indicated by the arrows. 
As previously indicated, it is known that different ma 

terials in molecular form have different microwave-en 
ergy frequency absorption bands or characteristics, and 
that the extent to which microwave energy of a partic 
ular frequency is absorbed in passing through a chemical 
mass, is a measure of the relative concentration of a par 
ticular chemical constituent of the mass to which the con 
stituent is responsive or absorptive. Thus by producing 
a beam of discrete pulses of microwave energy of selected 
respective different frequencies and directing the wave 
energy through various concentrations of each of several 
possible known constituents likely to be present, sets of 
data representing presence and relative concentrations of 
each of the constituents may be obtained. Such data or 
information are, according to the invention, obtained and 
entered into the information-store of a digital data-proc 
essor of known type, such as an IBM 7071 or other suit 
able data processor operable to perform operations as 
hereinafter indicated. Preferably, the data or informa 
tion thus obtained for the store is accumulated by opera 
tion of the system in the exact environment in which the 
system is to operate. The stored information is used in 
making comparisons as will later be explained in detail. 
As is indicated in FIGURE 1, a microwave generator 

24, capable of being selectively keyed to produce mi 
crowave energy of each of several predetermined fre 
quencies, is connected by leads 241' to a keyer unit 26 
which upon receipt of properly composed signals from a 
signal line 26i, triggers the generator into operation. The 
received signals may be, for example, serially arranged 
binary-coded digital signals and the keyer unit may com 
prise decoding means of known conventional construc 
tion. Alternatively, the decoding means may be included 
in the arithmetic section 30a of a digital-data processor 
or. computer 30,- and the signals in that case may be of 
a type which by magnitude, for example, are effective to 
cause keyer 26 to initiate sequential production by gen 
erator 24 of pulses or bursts of waves of predetermined 
microwave frequencies. 

Generator 24 is coupled to a dual transmitter 32 which 
comprises suitable radiating means, such as parabolic 
antenna units diagrammatically indicated at 32a, 32h, to 
direct respective beams through respective portions of the 
chemical stream or mass undergoing inspection. The 
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4 
beams 32C and 32d are not continuous but are in essence 
each a repetitive timed series of time-spaced bursts or 
pulses each of a particular selected frequency chosen for 
determination of a particular possible constituent of the 
chemical stream. That portion of beam 32C not absorbed 
by constituents of the chemical stream is received at a 
first receiver-translator means 34 including an appropri 
ate receptor or “antenna” Similarly, the unabsorbed 
energy of beam 32d is received and translated by a simi 
lar means 35. The translator sections of means 34 and 
35 operate to measure the intensity of the received en 
ergy and to convert the measure into binary-coded sig 
nals suitable for transmission overrespective leads 340, 
350, and reception in input register means forming part 
of the arithmetic section 30a of computer 30. 

Information-processor 30 comprises a program-control 
section 30C the operation of which is accessible to and 
governed by a pre-stored program set up in an appropriate 
set of addresses in the computer data-store or memory, 
30s. As is conventional in electronic data processor 
(EDP) systems, a pre-conceived series of commands is 
stored in the data-store, individual increments of which 
can be read out at times determined by the program-con 
trol section as cadenced by the computer clock. In re 

' sponse to command, the arithmetic section generates 
keyer-control signals on lead 261“ which are individually 
effective to initiate keying action `for generation of a 
burst of microwave energy of a particular frequency to 
be radiated from a particular one of antenna means 32a, 
32h, it being understood that the two antennas are used 
in rotation. As a burst of energy is radiated and its 
remnant is received at one or the other o-f receiver-trans 
lator means 34, 35, an energy-absorption representing 
binary signal is transmitted over the appropriate one of 

“ leads 340, 350, to an input register that has been readied 
for the signal by the program-control network in corn 
puter section 30C. The received signal is serially com 
pared, in sequence, with the previously mentioned stored 
data and if a favorable comparison or identity is found 
between the arrived signal and any stored data represent 
inlg an approach to a dangerous concentration of air and 
combustible material, an alarm circuit 38, 381' is ener 
gized to apprise attendant personnel of the existence of 
a hazardous condition. Concurrently, one or more cor 
rective-action signals are called out from the data store 
and transmitted on appropriate ones of leads 401', 411‘ to 
corresponding ones of fuel-flow controller 40 and air 
flow controller 41. The latter two means are effective 
to decode or accept the signals and, in response thereto, 
initiate fuel and/ or air flow change in the proper sense t0 
alleviate the dangerous condition. 

Similarly, if the absorption is indicative of a surplus 
of air (commonly known as excess air for combustion 
and measured as O2) relative to products of combustion 
incident to the next following transmission from antenna 
32a, that «fact is discovered by favorable comparison with 
the appropriate data read out of the store 30s during the 
serial comparison, and as a result an appropirate signal 
is routed over lead 411“ to air-flow controller 41 to correct 
the fuel-air mixture. Thus substantially instantly, during 
each of rapidly repeated sequences of operation, series of 
comparisons of the composition of the stream are made 
and any necessary appropriate action in accord with 
stored instructions is automatically taken. Since an entire 
sequence of actions including energy generation and 
multiple-comparison of empirical data may be effected in 
a very small fraction of a second, it is evident that not 
only may optimum stream composition be maintained 
during normal operation, but potentially dangerous con 
ditions may be detected or anticipated and corrective ac 
tion initiated before a hazard develops. 

While only two beam-paths through the combustion 
chamber have been indicated (in the interest of brevity 
and clarity of disclosure), it is evident that as many others 
may be implemented and utilized as may be necessary or 
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desirable, it being understood that additional capacity 
within the computer must likewise be provided. 

Within the information-processor 30, it will be under 
stood that if the memory provides for only destructive 
read-out, provision is made for re-inserting all accessed 
data, to maintain the stored information intact. As is evi 
dent, the results of the several comparisons may be pre 
sented for sensible purview by conventional digital or 
analog read-out and translation means; for example, the 
data may be continuously (or only upon demand being 
made by an operator) printed by a high-speed printer 
comprised in the peripheral equipment of conventional 
EDP systems. Such means are indicated diagrammati 
cally in FIGURE l at 44, the means being connected to 
the computer by leads 441'. 

Also it is evident that preconceived planned changes 
in the composition of the combustion chamber residue 
may be made as time passes, by ythe proper insertion of 
the requisite commands in the data store, and by program 
ming the computer operations for call-out of the changes 
at the appointed times. And since the explosion-limits 
(marginal values) of various possible gas/ air liquid/ air 
or solid/air mixtures are known and can be inserted in 
the data store for access, the computer can be pro 
grammed to institute correction of tendency toward an 
accumulation of a dangerous amount of combustible or 
explosive ingredinets in the stream at any section under 
surveillance prior to an actual accumulation. Thus the 
actual limits of operation of the boiler, for example, may 
be automatically controlled. 

Further, if desired, cognizance of changes in output de 
mand upon the boiler, incident to turbo-generator demand 
changes, for example, may be processed and controlled 
by appropriately programming the computer to periodi 
cally interrogate a demand-indicator. Such means are 
indicated at 46, which is operable to furnish an appro 
priate signal to a register in the arithmetic section 39a 
by Way of leads 46o. It is known that sudden changes 
in demand upon a boiler may cause an unbalance of fuel 
and air, thus producing dangerous combustion-chamber 
gas conditions. By appropriate monitoring and surveil 
lance of the demand ñuctuations, the occurrence of those 
dangerous conditions may be anticipated by the com 
puter-controlled system, and prevented from occurring. 
A more versatile embodiment of the invention is dia 

grammatically illustrated in FIGURE 2 of the drawings. 
Generally, system components present in FIGURE 2 and 
similar to system components present in FIGURE l bear 
the same number increased by one hundred. For exam 
ple, a digital data-processor 130 is or may be similar to 
processor 30 of FIGURE 1. It will be understood that 
fuel-dow controller 140 and air-flow controller 141 joint 
ly control admission of fuel and air into combustion 
chamber 114, from which heat is absorbed by such aux 
iliaries as superheater 116, economizer 118 and air heater 
120. 
Exemplary microwave generators 124 and 124', each 

individually keyed or triggered by keyer 126, are ar 
ranged for transmission and radiation of microwave 
energy by respective beam transmitters 132 and 132’. 
Keyer 126 is controlled via leads 126i by signals emanat 
ing from the arithmetic section 13051 of data-processor 130, 
in a manner similar to that previously explained. The 
microwave energy generated is divided between a beam 
transmitter and a comparator network contained in a 
comparator unit 160 to which each of the generators is 
connected by leads as indicated. The unabsorbed energy 
transmitted via the beams to respective receiver-trans 
lators 135, 135' is compared with the previously taken 
samples in the differential comparison networks of the 
comparator, and an analog value of the differences, if 
any, between the samples and the corresponding receiver 
outputs are transmitted via leads 1600 to an analog-digital 
converter 162 for conversion to binary digital signal form 
for impression into an input register means in the arith 
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metic section 13011 of computer 130 via leads 1620. The 
data represented by the difference-signals and which rep 
resents microwave-energy absorbants in the combustion 
chamber', are compared serially with sets of stored data 
read out of the memory section 130s, in a manner previ 
ously indicated. ln response to a coincidence between 
received data and stored data representing an approach 
to a dangerous condition, such as an increasing concen 
tration of explosive components, the arithmetic section, 
under the control of program-control system 130e, ini 
tiates action of an alarm means 138, and concurrently 
initiates a programmed change of air supply and/or fuel 
supply by signals transmitted on leads 141i and 140i, re 
spectively, to the control units 140, 141. 

Further, the presently discussed more elaborate system 
provides for initiating immediate drastic stoppage of air 
and/ or fuel supply in event of malfunction of the boiler 
auxiliaries, which causes an immediate or sudden danger 
ous fuel-air condition to arise. Thus, as each cycle of 
operations is repeated and the data for that cycle is tem 
porarily stored in a recirculating register for an initial 
comparison with the next corresponding incoming data, 
an immediate indication ot' any abrupt change of con 
siderable magnitude is sensed in the comparison, and the 
value of the change, being in excess of a predetermined 
value set up in a recirculating register of the computer 
arithmetic network, initiates transmission of a set of 
emergency signals to special means. The special means 
comprise an air diverter-actuator 166 which, incident to 
reception of an emergency signal or line 166i, immedi 
ately actuates air-diverter 166:1 to divert air from the 
duct 168 supplying the combustion chamber. 

Also included in special means 166 is an emergency 
relay in blower-motor control box 168 which, upon re 
ceipt of an emergency signal on lead 1681', causes cut-off 
of power to the motor driving air supply blower 169. 
Also, concurrently with the transmission of emergency 
signals on lines 166i and 168i, the arithmetic circuits in 
computer 130 generate and transmit on lead 140i an 
emergency signal elfective to trigger fuel-feed control 
means 140 to close the fuel-supply regulating valve 140V. 
The abrupt change effective to initiate shutting-ofi of 

fuel and/or `air to the combustion chamber may be ini 
tiated by determination of abrupt change toward a 
dangerous condition either by comparison of microwave 
absorption changes as previously indicated, or by opera 
tion of fuel-ñow sensor means, and air-tiow sensor means. 
For the latter purpose the fuel input line 14th is provided 
with a flow-sensor 140s eñective to provide the computer 
with an indication of abnormal or excessive fuel flow via 
line 1400. The air-supply line is provided with an air 
flow sensor 170s effective to provide the computer with 
a signal indicative of abnormal or deficient air-flow such 
as occurs when one of the air-supply components suifers 
a malfunction. It will be understood that in the exemplary 
construction, the computer includes means for convert 
ing the analog signals produced by sensor means 140s 
and 176s to binary-coded digital signals, for use in the 
arithmetic section of the computer. 
As indicated in FIGURE 1 and as an adjunct to the 

analysis of constituent material in the combustion and 
exhaust passages of a boiler, the system provides means 
for examining the atmosphere for pollutants. As illus 
trated, the means is arranged for examination of the corn 
position of the exhaust from the boiler; however, as will 
be evident, the means may be arranged for examination 
of the extent of pollution of the atmosphere elsewhere. 
In FIGURE l, microwave energy is supplied by generator 
24 to a transmitter 32’ of a type similar to one section 
of transmitter 32. The latter propagates a pulsed beam 
of microwave energy through the region of interest in the 
atmosphere, to a receiver-translator means 35’. The out 
put data signals of means 35' are transmitted by way of 
line 3S” to the arithmetic section 30a of computer 30, 
where the information is processed >and transmitted by 
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way of a line 49’ to a pollution-indicator means 49 for 
registration. The electrical operations of means 32', 35’ 
and 49 are similar to those of the previousy described 
similar units and, each being per se known in the arts, will 
not here be further described. Their operation, timed and 
controlled by the computer, provides continuous indica 
tions of either selected pollutants in the air, or the extent 
of the pollution. 
From the preceding descriptions it is evident that the 

invention provides means for substantially instantly alter 
ing the input of materials including air and fuel, into a 
combustion process or combustion zone for oxidation or 
combustion, both in accord wtih predetermined changes 
ordered by a computer-controlled means according to 
empirical directives stored in the data store of the com 
puter, and in accord with changes indicated by comparison 
of results of rapidly repeated series of inspections with 
data stored in the memory of the computer. Further, 
it is noted that due to the speed of operation of the system 
including the computer and the information derived is 
not by way of sampling but rather is by substantially 
continuously repetitive instantaneous inspection of the 
mass or stream itself, adverse changes in the process are 
substantially instantly detected and immediately corrected. 
Also, due to the rapidity and the high rate of repetition 
thereof, the amount of change of constituents per time 
quantum is normally small and as a result the process 
may be controlled with extremely close precision. In 
the event of potentially dangerous conditions commenc 
ing during stream start-up or shut-down, or due to mal 
function of apparatus, corrective action is automatically 
taken before the situation reaches an actual state of 
danger. Similarly, it is evident that the invention as dis 
closed accomplishes the ̀ other stated objects. 
While the particular combustion control method and 

apparatus herein shown and disclosed in detail is fully 
capable of attaining the objects and providing the advan 
tages hereinbefore stated, it is to be understood that it is 
merely illustrative of the presently preferred embodiments 
of the invention and that no limitations are intended to 
the details of construction or design herein shown other 
than as defined in the appended claims. 

I claim: 
1. Apparatus for monitoring and controlling a combus 

tion reaction, comprising: first means, comprising a com 
bustion chamber, and including controllable means for 
introducing fuel and air to the chamber; second mean, 
comprising microwave energy generating means, control 
lably effective to transmit a series of time-spaced pulses 
of microwave energy in a beam across and through a zone 
of interest in said combustion chamber; third means, 
including means for receiving thus-transmitted microwave 
energy and for comparing the received energy with a 
sample of non-transmitted energy for producing an out 
put signal representative of the difference in compared 
values; fourth means, including data-processing means 
having a data-store and a store of recorded data repre 
senting criteria, a program control section, and an arith 
metic section, e?ective to receive the said output signal 
and effect comparison of values represented by the output 
signal with values represented by recorded data stored in 
said data-store and to produce control signals indicative 
of changes necessary to bring values represented by re 
ceived output signals into coincidence with stored data; 
and fifth means, comprising connections from said fourth 
means to said second means for initiating generation of 
microwave energy by the latter under the control of said 
program-control section, and connection from said fourth 
means to said first means for controlling said controllable 
means in response to said control signals to produce said 
changes. 

v 2. Apparatus for monitoring and controlling a combus 
tion reaction, comprising: a data-processing system com 
prising a computer including a data-store and stored data 
therein; means deñning a combustion chamber; control 
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lable supply means for introducing at least air and fuel 
into said chamber; controllable microwave-energy means 
effective in response to each of repetitive control signals 

 to generate and transmit microwave energy through mate 
rial in a portion of said chamber, and for producing signals 
representative of transmitted energy absorbed by material 
in said chamber; and means connecting said controllable 
supply means and said microwave energy means to said 
computer for supplying said signal to said computer for 
comparison of the data represented by the signal with 
said stored data and for transmitting from said computer 
a control signal to said controllable means for changing 
the introduction of one or more of said air and fuel to said 
chamber to bring data represented by said produced signals 
into coincidence with data stored in said computer. 

3. Apparatus according to claim 2, in which said micro 
wave energy means comprise generating means effective 
to generate discrete pulses of wave energy each of a respec 
tive one of wave frequencies determined for resonance 
with a specific material in said chamber. 

4. Apparatus for controlling a combustion reaction, 
comprising: ñrst means, comprising a reaction-chamber 
and controllable means for introducing at least air and 
fuel to said chamber at variable respective rates; second 
means, comprising controllable microwave power means, 
constructed and arranged to pass at least one beam of 
variable-frequency microwave radiation through at leastv 
a portion of a zone of interest in said chamber, and to 
measure any resultant microwave absorption and produce 
signals representative of the measures of such absorption; 
third means, comprising electronic data-processing means 
comprising a data-store with a store of data therein, a 
program controller and arithmetic means, connected to 
said first means and to said second means and effective 
repetitively to perform as steps of a stored program, first, 
triggering of said microwave power means to produce and 
radiate radiation of a prescribed frequency composition, 
second, receive any resultant signal produced by said sec 
ond means and compare successively the signal with a set 
of data-representing signals stored in said data store, and 
third, control with said means in accord with deviations 
of said signal from stored signals to control introduction 
of said air and fuel to said chamber in a sense to bring 
future produced signals toward conformity with stored 
signals. 

5. A system for reducing likelihood of explosion of 
combustible material in a chamber, comprising: first 
means, comprising means for generating and propagating 
a beam of pulses of microwave energy through a region 
in said chamber, and for receiving a portion of the propa 
gated energy not dissipated in said region and for produc 
ing a signal representative of energy dissipated in said 
region; second means, including data processing means, 
connected to said first means for controlling generation 
of said beam and for reception of said signal, said second 
means being effective to compare data represented by said 
signal, with stored data and to produce an output signal 
representative of a known relationship between said stored 
data and the data represented by said signal; and third 
means, comprising means for controlling inflow of material 
into said chamber, connected to said second means for 
reception of said output signal and responsive thereto to 
change the inñow of material into said chamber. 

6. A system according to claim 5, including means 
responsive to said output signal to produce an alarm 
signal. 

7. A system according to claim 5, including means con 
nected to said second means, for producing a read-out of 
the data represented by said signal produced by said first 
means. 

8. A system according to claim 5, including fourth 
means, connected to said second means, effective to propa 
gate microwave energy through a region in the atmos 
phere susceptible to pollution by combustion products and 
effective to produce a signal representative of the extent 
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of such pollution, said second means including means to 
receive said last named signal and to produce a second 
output signal representing the pollution coeñicient as deter 
mined by said fourth means; and means connected to said 
second means for providing an indication of said pollu 
tion coefficient. 

9. A system for reducing likelihood of explosion of 
combustible material in a chamber, comprising: ñrst 
means, comprising means for generating and propagating 
a beam of pulses of microwave energy through a region 
in said chamber, and for receiving a portion of the propa 
gated energy not dissipated in said region and for produc 
ing a signal representative of energy dissipated in said 
region; second means, including data processing means, 
connected to said iirst means for controlling generation 
of said beam and for reception of said signal, said second 
means being efr’ective to compare data represented by said 
signal with stored data and to produce an output signal 
representative of a predetermined relationship between 
said stored data and the data represented by said signal; 
and third means, responsive to said output signal and eiîec 
tive to activate warning signal means as conditions in said 
chamber approach predetermined undesirable conditions. 

10. In combination with steam-generating apparatus 
having a combustion chamber forming a part thereof and 
having controllable means for introducing fuel and air 
thereto; that improvement which comprises microwave 
energy generating means arranged to transmit time-spaced 
pulses of microwave energy in a beam across a zone of 
interest within said combustion chamber for said steam 
generator, receiving means for said pulse beams including 
means for comparing the received energy after passage 
through said zone with that in identical pulse beams by 
passing said combustion chamber and producing an out 
put signal representative of the difference in compared 
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10 
values, and data-processing means containing stored data 
and having an input connected to receive said output signal 
and operative to compare the same with said stored data 
and to produce an output signal indicative of changes 
necessary to bring values represented by received output 
signals into coincidence with stored data maintained in 
said data processing means. 
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