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[57] ABSTRACT 
For use with a system for converting coded condition 
data to an analog signal corresponding to the condi 
tion, a memory type condition warning circuit having 
calibrating capabilities. 

6 Claims, 2 Drawing Figures 
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‘l 
CONDITION WARNING MEMORY CIRCUIT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

The present invention may be used with a system 
such as described in copending U. S. application, Ser. 
No. 294,059 ?led Oct. 2, I972 by Moreines, et al. and 
assigned to The Bendix Corporation, assignee of the 
present invention. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to condition warning systems 

and particularly, to condition warning systems having 
memory characteristics. More particularly, the inven 
tion relates to condition warning-systems of the type 
described for achieving the desired result by analog 
means instead of by the more complex digital means. 

2. Description of the Prior Art 
Altitude information transmitted in accordance with 

Publication 1010.5 IA (Aug. 3, I971) issued by the De 
partment of Transportation, Federal Aviation Adminis 
tration, is converted to analog form as described in the 
aforenoted copending U. S. application, Ser. No. 
294,059. Utilizing means for the analog data include 
systems for providing a warning when the altitude 
reaches some predetermined critical value. Prior to the 
present invention complicated digital apparatus has 
been used for this purpose. The present invention uses 
simpler analog apparatus for achieving the result at a 
lower cost, with fewer components and with reduced 
power requirements. 

SUMMARY OF THE INVENTION 

This invention contemplates equipment of the type 
described including a source of reference voltage and 
switching means connected to the source for applying 
the reference voltage to a resistor network to selec 
tively provide a calibrating voltage. Means are pro 
vided for comparing an analog signal corresponding to 
a condition to the calibrating ‘voltage and for providing 
an output in accordance with the comparison. A cur 
rent ?ow control circuit having memorycharacteristics 
is affected by the comparison output for ‘operating an 
alarm device when the analog signal is at a predeter 
mined critical level. 
One object of this invention is to provide a condition 

warning circuit having memory characteristics. 
Another object of this invention is to provide a cir 

cuit of the type described which is of analog construc 
tion and has the advantages of simplicity, cost and 
space economy, and reduced power consumption as 
compared to digital equipment for the same purpose. 

Another object of this invention is to provide a de 
vice of the type described which has calibrating capa 
bilities. 
The foregoing and other objects and advantages of 

the invention will appear more fully hereinafter from a 
consideration of the detailed description which follows, 
taken together with the accompanying drawings 
wherein one embodiment of the invention is illustrated 
by way of example. It is to be expressly understood, 
however, that the drawings are for illustration purposes 
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2 
only and are not to be construed as de?ning the limits 
of the invention; ’ 

DESCRIPTION OF THE DRAWING 
FIG. 1 is a circuit diagram of the invention. 
FIG. 2 is a symbolical diagram indicating the status 

of an alarm device operated by circuitry as shown in 
FIG. 1. 

DESCRIPTION OF THE INVENTION 

With reference ?rst to FIG. 1 an input signal source 
2 provides a dc. analog signal V,- corresponding to a 
condition which may be, for purposes of illustration, 
the altitude of an aircraft. Altitude signal V,- is applied 
through a resistor 4 to a noninverting input (+) of an 
operational ampli?er 6. 
A reference signal source 8 provides a reference sig 

nal VR which is applied through a switch 10 to one of 
the resistors 12-26 in a resistor network 28. For pur 
poses of illustration, signal V” is shown as applied to re 
sistor 16. 
The output of resistor network 28 at a point 30 is ap 

plied to a dividing network 32 connected to the resistor 
network at a point 44 and including serially connected 
resistors 34 and 36, and which resistor 36 is grounded. 
A calibrating voltage V(' is provided at a point 38 inter 
mediate resistors 34 and 36 and is applied through a re 
sistor 40 to an inverting input (—~) of an operational am 
pli?er 42. 

Resistor network 28 is connected to voltage divider 
32 at point 44, and at which point 44 there is provided 
a voltage VHK, where K is a predetermined circuit con 
stant commensurate with the level of signal V, at which 
a warning is desired as will hereinafterbecome evident. 
Signal VHK is applied to an inverting input (—) of am 
pli?er 6 and signal V, is applied to a noninverting input 
(+) of ampli?er 42. 
Ampli?er 6 is connected at its output to a base ele 

ment 46 of a transistor 48 through a resistor 50, a diode 
52 and a diode 54 connected in series. Transistor 48 
has a grounded emitter element 56 and a collector ele 
ment 58 connected to an alarm device such as lamp 60 
which is excited by the output of a dc. excitation 
source 62. A grounded resistor 64 is connected inter 
mediate diode 54 and base element 46 of transistor 48. 

Amplifier 6 is connected at its output to a gate 63 of 
a silicon controlled recti?er 64 through a resistor 66 
and a diode 68 connected in series. Silicon controlled 
recti?er 64 has an anode 70 connected through a resis 
tor 72 to a source of positive direct current and a cath 
ode 74 connected to a collector 76 of a transistor 78. 
Ampli?er 42 is connected at its output to a point 84 in 
termediate diodes S2 and 54 through a resistor 80 and 
a diode 85 and is connected to anode 70 of silicon con 
trolled recti?er 64 through resistor 80 and a diode 82 
connected intermediate resistor 80 and diode 85. Am 
pli?er 42 is connected at its output to a base element 
86 of transistor 78 through a resistor 86 and a diode 88. 
Transistor 78 has a grounded emitter element 90. 
A grounded resistor 92 is connected intermediate 

diode 68 and gate element 62 of silicon controlled rec 
ti?er 64 and a ground resistor 94 is connected interme 
diate diode 88 and base element 86 of transistor 78. 
As shown in FIG. 2 and as will be next explained, the 

circuitry of FIG. 1 is effective for operating lamp 60 so 
that the lamp is: off at points (X) and (P) when V, = 0; 
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off at points (a), (c), (m), and-(O) when V,= V,'_,,; on 
at points (b), (d), (n), and off at points (f), (j), (I) 
when V,= VF; on at points (e), (g), (i), (it) when V, = 
VHK; and on at points (h) when V, is greater than VHK. 

5 
The operation of the invention is such that when V, 

is equal to or less than V,~_,,, ampli?ersv 6 and 42 have 
an output and lamp 60 is off. When V, is equal to or 
greater than V0,“, ampli?ers 6 and 42 have outputs, 
but the output of ampli?er 6 overrides the output of 1G 
ampli?er 42 and the lamp is on. However, when V, 
equals V,‘ ampli?er 42 has an output and the lamp may 
be on or off depending upon the previous history of the 
device, and in this sense the invention has memory 
characteristics. if V, approaches V,- from V,- being 
equal to or less than V,~_,,-, the lamp comes on when V, 
equals Va. If V, approaches V,- from V,- being equal to 
or greater than V,-+,,, the lamp will go off when V, 
equals V,~. . 
With reference now to both FIGS. 1 and 2 the opera 

tion of the invention at points a-p in FIG. 2 is as follows: 

20 

a. When V, is greater than V,-_,,, ampli?ers 6 and 42 
do not have a positive voltage output. Therefore diodes 
S2, 54, 85, 82, 68 and 88 do not conduct, transistor 48 
is off and lamp 60 is out. 

b. When V, equals V,-, only ampli?er 42 has a posi 
tive output whereupon diodes 54 and 85 conduct, turn 
ing on transistor 48 and lamp 60. Diode 88 conducts 
turning on transistor 78 which arms silicon controlled 
recti?er 64. 

c. When V, is equal to or less than V,-_,,, the opera 
tion described in (a) repeats. 

d. When V, equals V,-. the operation described in (b) 
repeats. 

c. When V, equals VHK, ampli?er 6 also has a posi 
tive output whereupon diode 52 conducts and provides 
an additional output for maintaining transistor 48 on. 
Diode 68 conducts, turning on silicon controlled recti- 4O 
?er 64. When silicon controlled recti?er 64 is turned 
on or conductive, the output of diode 85 to transistor 
48 is shorted by diode 82 through the silicon controlled 
recti?er and transistor 78. 

f. When V, is equal to or less than VG”, ampli?er 6 
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45 

' does not have an output but ampli?er 42 has an output 
whereupon diode 88 conducts for maintaining silicon 
controlled recti?er 64 conductive. Diode 85 remains 
shorted by diode 82 through silicon controlled recti?er 
64 and transistor 78. 

g. When V, equals V,\+,,-, the operation described in 
(e) is repeated. ' 

h. When V, is greater than VHK, the operation de 
scribed in (e) is again repeated. 

i. When V, = VHK, the operation described in (e) is 
again repeated. 

j. When V, = VF. the operation described in (f) is re 
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peated. 
k. When V,= V,-+,,~, the operation described in (e) is 60 

repeated; 
I. When V, = V,-, the operation described in (f) is re 

peated. 
m. When V, equals V,-_,,, ampli?ers 6 and 42 do not 

have a positive output, therefore diodes 52, 54, 85, 82, 
68 and 88 do not conduct and silicon controlled recti 
?er 64 delatches. Transistor 48 is o?‘ and lamp 60 is 
out; 

4 
it. When V,=V,‘, the operation described in (b) re 

peats; 
0. When V,=V,Y_K, the operation in (c) repeats; 
p. When V,- is less than V,,_,,, the operation described 

in (a) repeats. 
it will now be seen that the aforenoted objects of the 

invention have been met. Operation has been achieved 
using simple analog apparatus instead of more complex 
digital apparatus. Moreover. the operation has been 
achieved at a lower cost, with less space and with less 
power than required by digital apparatus. 
Although but one embodiment of the invention has 

been illustrated and described in detail, it is to be ex 
pressly understood that the invention is not limited 
thereto. Various changes may also be made in the de 
sign and arrangement of the parts without departing 
from the spirit and scope of the invention as the same 
will now be understood by those skilled in the art. 
What is claimed is: 
1. For use with a system providing a signal corre 

sponding to a condition, apparatus comprising: 
a reference signal source; 
means connected to the reference signal source and 
responsive to the signal therefrom for providing 
?rst and second calibrating signals; 

means connected to the system and to the calibrating 
signal means for comparing the condition signal to 
the ?rst and second calibrating signals and provid 
ing operating outputs in accordance with said com 
parison; 

condition warning means; and 
means connected to the comparison means and to 
the condition warning means for applying the ope r 
ating outputs to operate the warning means when 
the condition signal is at a predetermined critical 
level. 

2. Apparatus as described by claim I, wherein the 
means connected to the reference signal means and re 
sponsive to the signal therefrom for providing the first 
and second calibrating signals includes: 
a network including a plurality of resistors connected 

in parallel; 
switching means connected to the reference signal 
source and selectively connected to one of the plu 
rality of resistors for applying the reference signal 
through said resistor to provide the ?rst calibrating 
signal at an output of the network; 

signal divider means connected to the resistor net 
work output and responsive to the ?rst calibrating 
signal for providing the second calibrating signal; 
and 

the ?rst calibrating signal corresponding to the sec 
ond calibrating signal plus a predetermined con 
stant commensurate with the predetermined criti 
cal level of the analog signal. 

3. Apparatus as described by claim 2, wherein the 
means connected to the system and to the calibrating 
signal means for comparing the condition signal to the 
?rst and second calibrating signals and providing oper 
ating outputs in accordance with said comparison in 
cludes: 

?rst means connected to the system and to the resis— 
tor network for comparing the signals therefrom; 

second means connected to the system and to the sig 
nal divider for comparing the signals therefrom; 

the ?rst and second means being ineffective for pro 
viding operating outputs when the condition signal 
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is equal to or less than the second calibrating signal 
, less the predetermined constant; 
the second means providing an operating output 
when the condition signal equals the second call 
brating signal; and 

the ?rst and second means providing operating out 
puts when the condition signal is equal to or greater 
than the ?rst calibrating signal. 

4. Apparatus as described by claim 3, wherein; 
the operating output provided by the ?rst means 
overrides the operating output provided by the sec 
ond means. 

5. Apparatus as described by claim 3 wherein the 
means connected to the comparison means and to the 
condition warning means for applying the operating 
outputs to operate the warning means when the condi 
tion signal is at a predetermined critical level includes 
a current ?ow control circuit, said circuit comprising: 
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6 
?rst current ?ow control means connected to the sec 
ond means and to the warning means for passing 
the operating output from said second means to op 
erate the warning means; and 

second current ?ow control means connected to the 
first means and to the first current ?ow control 
means and responsive to the operating output from 
the ?rst means for maintaining the first current 
?ow control means effective to pass the output 
from the ?rst means. 

6. Apparatus described by claim 3, wherein the cur 
rent ?ow control circuit includes: 

third current flow control means; and 
fourth current ?ow control means connected to the 

?rst means and to the third current ?ow control 
means and affected by the operating output from 
said ?rst means for latching third current flow con 
trol means conductive. 
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