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ABSTRACT OF THE DISCLOSURE 
A two-terminal constant-current source for a telegraph 

loop. The regulator incorporates a diode bridge to make 
it polarity insensitive. Connected acrom the bridge is a 
high-gain circuit, one version of which is as a Darlington 
transistor pair. A Zener diode is placed at the input to the 
?rst transistor in the pair to provide a stable reference 
voltage. The output is taken from the emitter of the sec 
ond transistor through a variable resistor which is used 
to set the desired current level. The use of the Darlington 
pair keeps the unregulated current, which is derived from 
the input circuit to the pair, to a very small percentage of 
the total regulator output. 

BACKGROUND OF THE INVENTION 

This invention relates to a current regulator and more 
particularly to an adjustable current regulator for supply- ; 
ing a constant output current. 

In the operation of telegraph signal loops, circuit and 
load switching can cause a change in loop current, absent 
regulation. The loop current, therefore, must be returned 
to its required level each time switching occurs. Rheostats _ 
are typical of the apparatus provided for the purpose of 
adjusting the current level in this situation. However, it 
is obvious that continuous adjustment of rheostats or the 
like is a most inconvenient and time-consuming practice, 
and that automatic current control would be a much more 
convenient technique and readily acceptable. 

SUMMARY 

Brie?y, the present invention overcomes the problems 
and disadvantages of the prior art through a current re 
gulator which provides a constant current ?ow in a tele 
graph loop regardless of changes in supply voltage or load 
resistance. The regulator is a two-terminal device which 
is connected in series in the loop. A high-gain circuit is 
included in the regulator and substantially all current 
‘flows through this circuit. Clamping means at the input of 
the high-gain circuit provide a stable reference voltage 
for regulator operation. Unidirectional means steers cur 
rent through the high-gain circuit in the same direction for 
bi-polar input signals. 
An object of the present invention is to provide an im 

proved current regulator which provides a constant cur 
rent flow in a telegraph loop regardless of changes in loop 
supply voltage or load resistance. 
Another object of the present invention is to provide 

such a regulator in which unregulated current is kept to 
a minimum value, constituting a minor percentage of total 
current ?ow. 

Another object of the present invention is to provide 
such a regulator which is a two-terminal device requiring 
no external power supply. 

Still another object is to provide such a regulator which 
is insensitive to the polarity of the loop supply voltage 
and can accommodate both neutral and polar signals. 

Other objects and advantages will become apparent 
from a reading of the speci?cation in combination with 
the accompanying drawing. 
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BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a diagram of a system in which the regulator 
of the present invention can be used; 
FIG. 2 is a schematic diagram of one preferred em 

bodiment of the present invention; 
FIG. 3 is a schematic diagram of a second embodiment 

of the present invention; and 
FIG. 4 is a schematic diagram of another preferred 

embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In FIG. 1 there is shown a representative diagram of 
a polar telegraph loop having a keyer portion 10, load 
circuits 12, and a regulator 14 which is shown here as 
being positioned between the keyer and the load circuits. 
The keyer 10 is represented by a switch or relay which 
operates to apply either positive or negative battery to 
the telegraph loop. For example, for marking signals the 
relay contact 16 is connected to positive battery 18 and 
current ?ows from the positive terminal of this battery 
through the regulator 14, the load circuits 12, ground, 
and back to the negative terminal of this battery. For 
spacing pulses, the contact 16 is moved down into con 
tact with the negative terminal of battery 20 and current 
?ows from the positive terminal of this battery to ground, 
through the load circuits 12, regulator 14, and back to the 
negative terminal of this battery. ' 

In a telegraph loop, it is preferred to operate load 
equipment 12 at a predetermined current level. However, 
if supply voltage such as the voltage at either or both of 
batteries 18 and 20 should vary, there is a resulting change 
in loop current. Also, as is often the case, if load equip 
ment is switched into or out of the loop, the change in 
load resistance also causes a change in the loop current. 
Therefore, regulator 14 has been included in the loop to 
automatically maintain identical current magnitudes for 
both marking and spacing signals regardless of changes 
in the load resistance or in the supply voltages. As shown, 
regulator 14 is a two-terminal device which is connected 
in series in the loop circuit. The terminals have been 
designated A and B, one of which functions as an input 
terminal and one as an output terminal depending on 
the direction of current ?ow. The regulator 14 uses the 
voltage of the loop for its biasing and does not utilize 
a separate power supply. 

In FIG. 2 there is shown a schematic diagram of a 
preferred embodiment of the regulator 14 of FIG. 1. 
Connected between the terminals A and B is a diode bridge 
circuit formed by diodes 30. The purpose of the diode 
bridge is to make the regulator insensitive to the polarity 
of the input signal. Thus, current is steered across the 
bridge in the same direction regardless of whether the 
input current enters at terminal A or at terminal B. With 
reference to FIG. 2, the current ?ow across the bridge is 
from line 32 to line 34 through the circuit components as 
hereinafter described. 

Connected across the bridge is a large resistor 36 and 
a Zener diode 38. The junction of these two circuit com 
ponents is connected to a high-gain device, which is also 
connected across the bridge. The high-gain device is 
formed of two transistors 40 and 42 arranged as a Dar 
lington pair. The collectors 44 and 46 of these two tran 
sistors are connected to the top of the bridge at line 32. 
The emitter 48 of transistor 40 is connected to the base 50 
of transistor 42. The base 52 of transistor 40 is connected 
to the junction of resistor 36 and Zener diode 38. The 
emitter 54 of transistor 42 completes the connection across 
the bridge for the Darlington pair through a resistor 
56 of very low value and a potentiometer 58. 
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With reference now to FIGS. 1 and 2, assume that the 

telegraph loop is being supplied ‘with -_I-130 volts for the 
marking and spacing signals respectively, from batteries 
18 and 20, and that potentiometer 58 has been adjusted 
for the ?ow of a 50 ma. current through the loop. With 
in the regulator circuit 14 the Zener diode 38 is conduct 
ing and supplies a stable six-volt reference to the base 
52 of the transistor 40. 

With 6 volts at the input to the Darlington pair, there 
will be approximately 4.8 volts at the emitter 54 of tran 
sistor 42. Due to this stable voltage level at the emitter 
the current, as determined by resistor 56 and potentiom 
eter 58, will stay at the constant current level selected 
at potentiometer 58, e.g. 50 ma. 

Regardless of the change in the load resistance 12 the 
current in the loop, as controlled by regulator 14, remains 
substantially the same. For example, assume that there is 
a total of 20 volts drop across the load circuits 12 and 
that the supply voltage is at 130 volts. Ignoring other 
losses in the loop and with a 4.8 volt drop across resis 
tor ‘56 and potentiometer 58, the remainder of the volt 
age drop in the loop occurs across the regulator circuit 
'14. This drop is found across the emitter-collector path 
of transistor 42 and approximates 105 volts. 
Assume next that additional load is switched into the 

loop such that the total drop across the load circuits now 
equals 50 volts. There is no change at the emitter 54 of 
transistor 42 because that point is held at the stable 4.8 
volt level due to the stable reference provided by the 
Zener diode 38. Therefore, a regulated 50 ma. constant 
current continues to flow in the loop. The remainder of 
the voltage drop between battery and ground is still 
to be found across the emitter-collector path of transis 
tor 42, but this voltage drop now approximates 75 volts 
rather than the previous 105 volts. 

Thus, the regulator circuit 14 will regulate the loop cur 
rent over a wide range of load conditions. It has been 
found that for the values of resistance and voltage as— 
sumed and shown in the ?gures the regulator can pro 
vide in the loop a regulated current between 20 ma. and 
to 100 ma. over a wide load range where the drop across 
the regulator varies from approximately 20 volts to 130 
volts. ‘ 

Likewise, if there is a variation in supply voltage, there 
is a change in the drop across the emitter-collector 
path of transistor 42. However, the voltage at the emit 
ter, here by example being 4.8 volts, does not change, and 
the loop current remains constant. 

It is preferred that the unregulated current be kept to 
a ‘bare minimum since such current will a?ect the e?i 
ciency of regulation over the wide range that the regu 
lator is designed to operate. The Darlington pair is par 
ticularly effective in keeping the unregulated current, which 
flows in the path through resistor 36 and diode 38, to a 
low percentage of the total current, e.g. 1%—5%. Norm 
ally, in a transistor the ratio of the emitter current to the 
base current is equal to the beta of the transistor. In a 
Darlington circuit this ratio is 52. With reference to FIG. 
2, the relationship between the input current applied to 
the base 52 of transistor 40 and the emitter current pro 
vided at the emitter 54 of transistor 42 is governed by the 
following formula: 

As can be observed by selecting a reasonable value of 
20 for 5, little base current is actually needed to drive 
the Darlington pair. Accordingly, resistor 36 can be made 
quite large, and is here selected to be 150,000 ohms. 
Even with this large resistance there is sut?cient cur 

rent ?owing through resistor 36, when the voltage drop 
across the bridge is small, to operate the Darlington pair 
and maintain the Zener diode 38 conducting. Selection 
of a low-current Zener, preferably in the microampere 
range, is helpful. Furthermore, when the voltage drop 
across the bridge is large, the high resistance of resistor 

10 

20 

30 

40 

50 

60 

65 

70 

75 

4 
36 keeps the flow of current through the path of that 
resistor and diode 38 at a sufficiently low level such that the 
unregulated current never exceeds a small percentage of 
the total current derived from regulator 14. Thus, it 
can be said that substantially all of the regulator output 
current is derived from the Darlington pair. 
A second embodiment of the present invention is 

shown in the schematic diagram of FIG. 3 where like parts 
have the same reference numerals as in FIG. 2. In this 
showing an emitter-follower is placed across the bridge be 
tween the Darlington pair 40, ‘42 and the path formed 
by resistor 36 and Zenerv diode 38. The emitter-follower 
is comprised of a transistor 70 and potentiometer 72. The 
base of the transistor 70 is connected to the junction of re 
sistor 36 and diode 38, and this diode 38 establishes a 
stable reference voltage across the potentiometer 72. This 
potentiometer functions as a voltage divider, and the volt 
age selected by its tap and applied to the base of transistor 
-40 appears at the emitter of transistor 42, minus the 
voltage drop experienced across the two emitter-base junc 
tions. The voltage at the emitter of transistor 42 across 
the resistor 56 determines the loop current, and thus the 
loop current is controlled by potentiometer 72. 

The positioning of the potentiometer 72 in the emitter 
follower circuit eliminates the requirement for a potenti 
ometer which must accommodate large currents as in the 
case of potentiometer 58 in FIG. 2. However, the incor 
poration of an additional current path across the bridge 
means that more of the current in the total regulator 
output current is not controlled by the Darlington pair. 
However, it should be noted that the voltage at the emit 
ter of transistor 70 is held at a stable level by the Zener 
diode 38; therefore, the current through this emitter 
follower will be held at a ?xed level, e.g. one ma., and 
can also be considered a regulated current. 
A third embodiment of the regulator 14 is shown in the 

schematic diagram of FIG. 4 wherein like components 
have the same reference numerals used in FIG. 3. In this 
embodiment, a pair of transistors is again connected as a 
high-gain circuit, but a Darlington arrangement is not 
employed. 

Transistor 80 has its collector 82 connected to the base 
84 of transistor 86, which is of opposite conductivity to 
transistor 80. The base 88 of transistor 80 is connected 
to the tap of potentiometer 72, and the emitter 90 of tran 
sistor 86 is connected to the top of the bridge. The col 
lector 92 of transistor 86 and the emitter 94 of transistor 
80 are commonly connected at junction 98 to one side 
of the constant-current-determining resistor 56‘. 
A small resistor 96 is connected between the top of the 

bridge and the junction of collector 82 and base 84, and 
provides a path for leakage current from the base of tran 
sistor 86 in order to suppress the tendency of this tran 
sistor to conduct excessively under high temperature con 
ditions. The use of PNP transistors 70 and '80 requires a 
reversal of polarity of diodes 30 and 38. Conventional 
current ?ow is now from the bottom to the top of the 
bridge. 

Diode 38 again establishes a stable reference voltage 
across potentiometer 72. The input voltage to base 88 of 
transistor 80 is provided by the potentiometer tap. This, 
too, is a stable reference voltage and it also appears at the 
junction 98 because transistor 80 is constructed as an 
emitter-follower. This voltage across resistor 56 gives a 
constant current for the regulator 14 to apply into the 
loop. The major current path through the regulator is 
from the bottom to the top of the bridge through resistor 
56 and the collector-to-emitter path of transistor 90. A 
small amount of current also ?ows from junction 98 into 
transistor 80 to provide base current and collector current. 
However, it should be noted that these are also regulated 
currents because the branching currents at junction 98 
form the total constant current through resistor 56. 
Assume that it is desired to increase loop current. The 

setting of potentiometer 72. is increased, raising the voltage 
at the base 88 of transistor 80. This transistor senses the 
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voltage difference between its base and emitter and injects 
an increased current from its collector 82 into the base 84 
of transistor 86. Transistor 86 conducts more heavily and 
more current ?ows through its emitter-collector path. The 
voltage at junction 98 begins to increase and continues 
until it reaches the level of the base 88 of transistor 80 
(minus the drop across the transistor junction). The new 
stable voltage level at junction 98 establishes a new con 
stant current output for the regulator 14. 

'During the rise in voltage at junction 98, the base cur 
rent into transistor 86 was progressively decreased as 
transistor 80 sensed a reduction of voltage diiTerence 
between its base and emitter. Accordingly, the conduc 
tion of transistor 86 tapered off. Once the new voltage 
level was attained, sufficient base current was ?owing into 
transistor 86 to hold it at the necessary conduction level 
such that junction 98 is retained at its new voltage level. 
For a decrease in the constant current of regulator 14, 

the opposite effects occur. Potentiometer 72 is decreased 
putting the voltage on base 88 below the emitter 94 of 
transistor 80. Transistor 80 reacts by reducing the base 
current of transistor 86. Transistor 86 reduces its con 
duction and junction 98 begins to drop towards the volt 
age level at the base of transistor ‘80. Eventually, the new 
voltage levels are again balanced across the base/emitter 
junction of transistor 80. The new stable voltage reference 
at junction 98 establishes a new, but lower, constant-cur 
rent through resistor 56. 
As described, transistor 80 can be regarded as a com 

parator which compares the voltages at its base and emit 
ter and controls the conduction of transistor 86‘. Tran 
sistors 80 and 86 also function as a high-gain circuit, the 
same as the Darlington pair in the embodiments of FIGS. 
2 and 3. For example, with the circuit values shown and 
100 ma. ?owing through the collector-to-emitter path of 
transistor 86, the base current of transistor 80 is about .1 
ma., a ratio of 1000zl. Again, a large resistor 36 can be 
selected and the unregulated current through this resistor 
and diode 38 is thereby kept to a small percentage of the 
total output current. 

It has been found that the circuit of FIG. 4 is less sensi 
tive to changes in loop load conditions than the regulator 
circuits of FIGS. 2 and 3, depending upon the quality of 
the transistors used in the Darlington circuit. The B of 
certain transistors which can be used in forming the 
Darlington pair may vary depending upon the collector 
to-emitter voltage of the current-carrying transistor. This 
voltage, as previously explained, changes with load condi 
tions in the loop. Too large a variance in B between the 
extreme ends of possible load conditions can cause unde 
sirable variations in the level of the regulated current. 
The circuit of FIG. 4 makes a uniform [3 for the current 
carrying transistor, here transistor 86, no longer critical. 
Should the current through this transistor begin to change 
because of changes in loop load conditions, the voltage 
at junction 98 will also begin to change (rise or fall). 
Transistor ‘80 now senses a voltage difference between its 
emitter and ?xed base reference, and varies the base cur 
rent into transistor 86 su?iciently to return junction 98 to 
the proper level. Accordingly, the current through tran 
sistor 86 returns to its proper level, and the constant-cur 
rent output of the regulator 14 is retained. 

While the present invention has been described with 
regard to a polar telegraph system, the invention works 
equally as well with neutral systems, such systems being 
Well represented in the art. 

There have been described three speci?c embodiments 
of the present invention, but these are merely illustrative 
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of other embodiments that may also be within the scope of 
the invention. 
What is claimed is: 
1. A current regulator for providing a constant out 

put current in a telegraph loop comprising, one input ter 
minal and one output terminal, said two terminals being 
adapted to connect the regulator in series in said tele 
graph loop, a high-gain circuit connected between said 
two terminals, substantially all of the output current 
provided by the regulator being derived from said high 
gain circuit, an emitter-follower circuit having at its 
output a variable resistor including a tap, said tap being 
connected to the input of said high-gain circuit and in 
combination with said variable resistor serving to set the 
output current to a desired level, clamping means con 
nected to said emitter-follower circuit for holding the in 
put voltage for said high-gain circuit at a stable level to 
cause said high-gain circuit at a stable level to cause said 
high-gain circuit to function in a constant current mode, 
and unidirectional means connected to the input and out 
put terminals for steering current through the high-gain 
circuit in the same direction in the presence of input sig 
nals of either polarity. 

2. A current regulator as claimed in claim 1 wherein 
the high-gain circuit includes a Darlington transistor 
pair, said tap being is connected to the ?rst transistor 
of the pair and the output current being derived from the 
second transistor of the pair. 

3. A current regulator as claimed in claim 2 wherein 
said transistors in said Darlington pair each have base, 
collector and emitter electrodes, the collectors being 
connected together at the input terminal, the emitter of 
the ?rst transistor being connected to the base of the sec 
ond transistor, and the emitter of said second transistor 
being connected to said output terminal, and wherein said 
tap is connected to the base of said ?rst transistor, and 
said clamping means is a Zener diode. 

4. A current regulator as claimed in claim 1 wherein 
the high-gain circuit includes a pair of transistors of 
opposite conductivity, the ?rst transistor in said pair be 
ing connected to said tap and controlling the conduction 
of the second transistor in said pair. 

5. A current regulator as claimed in claim 4 wherein 
the transistors in said pair each have base, collector and 
emitter electrodes, the collector of the ?rst transistor be 
ing connected to the base of the second transistor, and 
the emitter of the ?rst transistor being connected to the 
collector of the second transistor at a common junction. 

6. A current regulator as claimed in claim 5 further 
comprising a resistor connected between said common 
junction and said input terminal, said tap being connected 
to the base of the ?rst transistor in the pair, said ?rst 
transistor serving to maintain the ‘voltage which appears 
at said junction substantially equal to said input voltage 
by controlling the conduction of said second transistor, 
thereby to maintain constant current across said resistor. 
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and that said Letters Patent are hereby corrected as shown below: 

1 . Claim 1 , line 15: Delete "at a stable level to cause 
said". 

2. Claim 1 , line 16: Delete "high-gain circuit" . 
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