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1. 

This invention relates to electrical control sys 
tens and Indie particularly to phase-shift cir 
cuits which While not iiilitad thereto are partic 
ularly advantageous for controlling gaseous dis 
charge tubes in lamp dimining circuits. 
A primary object of this invention is to provide 

adjustable phase-shift circuits capable of pro 
ducing relatively large changes in the phase angle 
of an output Voltage while maintaining the mag 
nitude of Such voltage relatively constant. 
Another object is to provide phase-shift cir 

cuits of the aforementioned character which are 
responsive to the magnitude of an A. C. signal Voltage. 
Another object is to provide a phase-shift cir 

cuit of the aforementioned character which is re 
Sponsive only to the A. C. signal voltage of great 
est magnitude where more than one such signal 
Voltage is applied, and 
A still further object is to provide a control sys 

ten for lamp dimming wherein a phase-shift cir 
cuit of the aforementioned character is tilized 
for controlling a gaseous discharge tube in such 
a manner that lamp dimming characteristics of 
a preferred form are obtained. 
Other objects and advantages of the invention 

Will hereinafter be apparent. 
The accompanying drawing illustrates preferred 

enbodiments of the invention which will now be 
described in detail, it being understood that such 
embodiments are susceptible of Various modifi 
cations Without departing from the Scope of the appended claim.S. 
In the drawings: 
Figure 1 is a diagrammatic showing of a con 

trol System for controlling the illumination in 
tensity of incandescent lamps, and 

Fig. 2 is a modified form of the system shown in Fig. 1. 
Referring to Fig. 1, it shows a plurality of in 

candescent lamps 5 connected in parallel to buses 6 and 7. 
Bus 6 is connected to supply line Ll of a single 

phase alternating current source and bus is 
connected to line L. of said source in series with 
the primary Winding 8 of a transformer 8 hav 
ing a secondary or control winding 39. Winding 
8 of transformer 8 is connected at one end to 
the cathode 3a of a gaseous electron discharge 
tube 9 and at its other to the anode 9b of tube 9. 
Tube 9 is provided with a control grid 30 which 
is connected to cathode 98 in Series with a re 
sistor i0 and a secondary Winding of a trans 
former which has a priinary winding b. Con 
trol grid 90 is also connected to cathode 93 in 
series with a capacitor 2. 

0. 

20 

25 

30 

35 

40 

50 

55 

2 
The part of the control System thus far de 

Scribed is of known form and it, will be appreci 
ated that the intensity of illumination of the 
lamps 5 is controllable by variation in the inpe 
dance of winding 8 of transformer 3. She in 
pedance of winding 88 is controlled by variation 
in the current flowing in the winding 3b of the 
transformer as a function of conduction of tube 
9 during its conducting half cycles. The cond c 
tion of tube 9 is controlled by varying the phase 
angle of the potential to which primary winding 
ib of transformer is subjected. The part of 

the control Systein now to be described coirprises 
a phase-shift network for Supplying and adjust 
ing the phase angle of the Voltage applied across 
winding lb of transformer . 
A transformer 3 has a primary winding 39. 

connected across lines T. and L and a center 
tapped secondary winding 3b which is connected 
at its lower end terminal to line T. and at its 
upper end terminal to a bus 4. A voltage divider 
f5 has a resistance element 5a, which is con 
nected at lower end to line L and at its uppel' 
end to bus 4 and is provided with an adjustable 
tap 5. Tap 5 is connected to line Li in series 
with a half-Wave rectifier 6, primary Winding 

of a transformer it, which has a secondary 
winding 7b. Winding b is connected at one 
end to buiS 4 and at its other end to center-tap 
terminal 30 of Winding 3b of transformer 3 in 
series with Secondary winding 2 of transformer 
T. An adjustable resistor 3 and a capacitor : 3 

are connected in parallel or shunt across sec ondary winding fTb. 
The behavior and operation of the phase-shift, 

netWork Will now be described. 
Let it be assumed that rectifier S is omitted 

from the circuit and that winding 28 is directly 
connected to tap 5b of voltage divider 5. Fur 
ther, let it be assumed that resistor 8 and ca 
pacitor 9 are omitted from the circuit. With 
this aSSurned circuit arrangement it will be ap 
parent that when tap 5b is positioned on re 
sistance element 5 at the lower end of the iat. 
ter, Winding 7 will be unenergized and conse. 
quently no voltage will be induced in winding ; ; ) 
of transformer il. Hence, the voltage across 
Winding if of transformer will be approxi 
mately of the same magnitude and in phase with 
the voltage across the portion of winding 3b froza 
center-tap terminal 3 to the upper end thereof. 
Under the same assumed circuit arrangement 

and With tap 5 positioned at the midpoint of 
resistance element 5, the voltage across wind 
ing 7 Will be equal to approximately half the 
value of the voltage between line L1 and bus S&, 
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or equal to half the voltage across winding 3 
of transformer 3. Assuming further that the 
Windings a and b of transformer have ap 
proximately the same number of turns and that 
the connections to winding b are so made that 
the voltage across winding lib is in opposition 
to that acroSS Winding 3b, then the voltage a CrOSS 
Winding Eb will effectively cancel that acroSS 
the portion of winding 3b from center-tap 30 to 
bus & so that there will then be zero Woltage 
across winding fb. 

If tap Sb is then moved to the upper end of 
resistance element 58, the voltage acroSS Wind 
ing a will be equal to twice that from the center 
tap 30 to bus 6, and being in opposition to the 
voltage across winding 3b will apply a Voltage 
across winding b equal in magnitude to half 
that across winding 3 and in phase opposition 
thereto. It will be seen with this assumed cir 
cuit arrangement that in moving tap Sb from 
the lower end to the upper end of resistance ele 
ment 58, it is possible to effect an approximately 
180° phase shift of the voltage applied across 
Winding b. However, this assumed circuit ar 
rangement has a defect in that the voltage ap 
plied across winding b drops to unacceptably 
low magnitudes for control purposes as tap 5b 
is positioned on resistance element 5a in the mid 
portions thereof. 

It has been found that With the circuit of Fig. 
1 as actually constituted with rectifier 6 in 
cluded in circuit between tap 5b and winding 

a, and with adjustable resistor 8 and capacitor 
S3 connected in shunt across winding lib, it is 
possible to effect shift in the phase of the voltage 
applied across winding b through a wide angul 
lar range without attendant excessive drop in 
Scalar magnitude of Such voltage when tap 5b 
of voltage divider 5 is moved from One end to 
the other of resistance element 5a. With proper 
selection of the values for adjustable resistor 
8 and capacitor 9, the Woltages induced in wind 

ing a of transformer Will be of Such magni 
tude and phasal relationship as to provide a 
Wide range of control for the tube 9. 

Fig. 2 discloses a circuit which in certain re 
SpectS is similar to that shown in Fig. 1 but has 
additional refinements, principally in its phase 
Shift network, which makes it particularly de 
Sirable for lamp dimming applications. The por 
tions of the circuit of Fig. 2 which are the same 
as that of Fig. 1 bear the same reference numerals 
and only portions that are different will now be 
described in detail. 

In the circuit of Fig. 2, the lamps 5 are con 
lected in parallel to buses 6 and and bus 6 

is connected to line L1 while bus is connected 
to a bus 25, which is connected to the overhang 
ing end terminal 288 of an autotransformer 26 
in Series With Winding 8a of transformer 8. Auto 
transformer 28 is connected through its end 
terminal 26 to line L and through its inter 
mediate terminal 26c to line LP. The autotrans 
former 26 is utilized as a booster transformer for 
raising the lamp Supply voltage above that avail 
able between supply lines L1 and L2, a Sufficient 
amount to compensate for the drop through wind 
ing 8a of transformer 8 occasioned by the normal 
impedance drop and the effect of the voltage drop 
acroSS tube 9. 

In place of the transformer 3 of the circuit 
of Fig. 1 a transformer 2 is used. Transformer 
2 is provided with a primary winding 27 a con 
nected across lines L. and LP and with a sec 
ondary winding 27b having two intermediate tap 
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4. 
terminals 2c and 27d. Winding 27 b is connected 
through its upper end terminal to buS 4 and 
through its lower end terminal to line in series 
with primary winding 78 of transformer 2, con 
trol winding 28a of a saturable reactor 28, and 
an adjustable resistor 29. Intermediate tap ter 
minal 2 ic of winding 2Fb is connected to the lower 
end terminal of primary Winding 28 and inter 
mediate tap terminal 2. d is connected to the point 
Connon to the connection between upper end 
terminal of winding 2 and bus 4 in Series With 
secondary winding ab of transformer it, A. C. 
windings 28b and 280 of reactor 23, primary wind 
ing b of transformer and capacitor 33. Ad 
justable resistor 8 and capacitor S are con 
nected in parallel or shunt with winding b. 
The voltage divider 5 and rectifier corn 

bination of the circuit of Fig. 1 are replaced by 
two such voltage dividers-rectifier combinations 
in the circuit of Fig. 2. One voltage divider 3: 
has its resistance element 3 a connect2d between 
line Li and bus A and has its adjustable tap 3 
connected to the upper end terminal of Winding 
i is of transformer 7 in series with a half-wave 
lectifier 32. The other voltage divider 33 has its 
resistance element 338, connected acroSS line L. 
and bus and its adjustable tap 33b connected 
to the upper end terminal of Winding a in Series 
with a half-wave rectifier 3A. When two or more 
Such voltage dividers are connected as showin 
in Fig. 2, the effective signal applied to the phase 
shift network is obtained from the voltage divider 
whose adjustable tap is positioned closest to the 
upper end of its associated resistance element, 
i. e., the highest A. C. signal dominates. Lower 
Woltage signals from the other voltage dividers 
have no appreciable effect on lamp voltage. 

Capacitor 33 improves the transient stability 
of the phase-shift network, while saturable reac 
tor 28 widens the range of possible phase-shift 
for a given change in A. C. signal voltage. Ad 
justable resistor 29 permits adjustinent of the 
effectiveness of Saturable reactor 23 since its ad 
justment determines the degree of Saturation of 
Such reactor and hence its impedance for a given 
A. C. Signal Voltage. 
With the phase-shift network of Fig. 2, phase 

shift control of the gaseous discharge tube 9 may 
be obtained to provide adjustment of the in 
tensity of illumination of lamps, such as the 
lamps 5, from blackout to full brilliance. The 
utilization of the transformer 2. With its over 
hanging Section in its secondary winding 2b 
between intermediate tap terminal 2. c and its 
lower end terminal provides that the change in 
lamp voltage will be substantially directly pro 
portional to the change in magnitude of the A. C. 
Signal voltage throughout the range of signal 
Voltage adjustment. 
I claim: 
1. For Supplying and effecting adjustment of 

the phase angle of a voltage applied to a control 
circuit, a network comprising a transformer hay 
ing a primary winding to be supplied from an 
alternating current source and having a second 
ary Winding with at least one intermediate tap, 
a Saturable reactor, a second transformer having 
a primary Winding in circuit with the secondary 
Winding of the first mentioned transformer and 
the control winding of said reactor and having 
a Secondary Winding in circuit with one inter 
mediate tap of the secondary winding of said 
first mentioned transformer and the alternating 
current Windings of Said reactor, a resistor con. 
nected in parallel with the secondary winding of 
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said second transformer, a plurality of half-wave 
rectifiers, ad a corresponding number of ad 
justable voltage dividers each of which has a 
resistance element connected in parallel with 
the secondary winding of said first mentioned 
transformer and an adjusting element connected 
in series. With an associated rectifier to the Con 
inection between the primary winding of Said 
second transformer and the control Wiriding of 
said reactor, said network being adjusted in 
accordance With the adjustment of the Voltage 
divider whose adjusting element affords the high 
est Siginal voltage. 

2. For supplying and effecting adjustment of 
the phase angle of a voltage applied to a control 
circuit, a network comprising a transformer hav 
ing a primary Winding to be Supplied from an 
alternating current Source and having a Second 
ary winding with two intermediate taps and an 
overhanging section between one of Such taps 
and one end terminal thereof, a Saturable re 
actor, an adjustable resistor, a Second trans 
foinner having a primary winding in circuit with 
said one end terminal of the secondary winding 
of the first imentioned transformer, the control 
winding of said reactor and Said adjustable re 
sistor and having a Secondary Winding in circuit 
With the other intermediate tap of the Secondary 
winding of said first mentioned trainsformer and 
the alternating current windings of said reactor, 
a resistor and a capacitor Connected in Series 
and together in parallel with the secondary 
winding of said second transformer, a plurality 
of half-Wave rectifiers, and a corresponding num 
ber of adjustable voltage dividers each of which 
has a resistance element connected in parallel 
with the Secondary Winding of Said first men 
tioned transformer and an adjustable tap con 
nected in Series With an associated rectifier to 
the connection between the primary Winding of 
said second transformer and the control Wind 
ing of said reactor, said network being adjusted 
in accordance with the adjustment of the voltage 
divider whose tap affords the highest signal volt 
age. 

3. In combination, a Source of single phase al 
ternating current, an Output element, and an 
adjustable phase-shift network comprising a 
transformer having a primary winding con 
nected to Said Source and having a secondary 
Winding with at least one intermediate tap, an 
adjustable Voltage divider having a resistance 
element connected in parallel with the secondary 
Winding of Said transformer, a half-Wave recti 
fier, a second transformer having a primary 
Winding connected to said source and to the 
adjusting element of said voltage divider through 
said rectifier and having a secondary winding in 
circuit with one intermediate tap of the second 
airy Winding of the first mentioned transformer, 
Said output element and said resistance element 
of Said voltage divider and a resistor and a ca 
pacitor connected in Series and together in par 
allel With the Secondary Winding of Said Second 
transformer. 

4. In coin bination, a Soul'ce of single phase al 
ternating current, an output element, and an 
adjustable phase-Shift inetWork comprising a 
transformer Supplied from Said Source and having 
a secondary Winding with at least One intermedi 
ate tap connected to One Side of Said Source, a 
half-Wave rectifier, an adjustable voltage divider 
having a resistance element connected to said 
one side of Said Source in parallel with Said Sec 
ondary Winding of Said transformer, a second 
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6 
transformer having a primary winding connected 
to said one side of said source and to the ad 
justing element of said Voltage divider through 
said rectifier and having a Secondary Winding 
connected at, one end to one intermediate tap 
of the secondary winding of said first men 
tioned transformer and at its other end to the 
connection between the resistance element of 
said voltage divider and said secondary Winding 
of said first mentioned trainsformer in Series With 
said output, device and a resistOf' and a capacitor 
connected in series and together in parallel 
with the secondary winding of said second 
transformer. 

5. In combination, a Source of Single phase 
alternating current, an output device, and an 
adjustable phase-shift network comprising a 
transformer having a primary Winding connect 
ed to said Source and having a Secondary Wind 
ing With at least one intermediate tap, a Satur 
able reactor, a Second transfor her having a 
primary winding in circuit with the secondary 
Winding of the first nientioned transforiner and 
the control Winding of Said reactor and having 
a Secondary Winding in circuit, with one inter 
mediate tap of the secondary winding of said 
first mentioned transformer, the alternating cur 
rent windings of Said reactor and Said output 
device, a resistor and a capacitor connected in 
Series and together in parallel with the second 
alry winding of Said Second transformer, a plu 
rality of half-Wave rectifiers and a corresponding 
number of Voltage dividers each of which has a 
resistance element connected in parallel with 
the Secondary Winding of said second trans 
former and an adjusting element connected in 
Series With an associated rectifier to the coninec 
tion between the secondary winding of said 
Second transformer and the control winding of 
Said reactor, Said network being adjusted in ac 
Cordance With the adjustment of the voltage di 
vider whose adjusting element affords the high est Signal voltage. 

6. In combination, a source of single phase 
alternating current, an output device, and an 
adjustable phase-shift network comprising a 
transformer having a primary winding connect 
ed to Said Source and having a secondary winding 
With two intermediate taps and an overhanging 
Section between one of such taps and one end 
terminal thereof, a Saturable reactor, an ad 
justable resistor, a capacitor, a second trans 
former having a primary winding in circuit with 
Said One end terminal of the secondary winding 
of the first mentioned transformer, the control 
Winding of Said reactor and said adjustable re 
Sistor and having a secondary winding in circuit 
With the other intermediate tap of the secondary 
Winding of Said first mentioned transformer, the 
alternating current windings of said reactor, 
Said output device and said capacitor, an ad 
justable resistor and a capacitor connected in 
Series and together in parallel with the secondary 
Winding of Said second transformer, a plurality 
of half-wave rectifiers and a corresponding num 
ber of adjustable voltage dividers each of which 
has a resistance element connected in parallel 
With the Secondary winding of said first men 
tioned transformer and an adjusting element 
connected in Series with an associated rectifier 
to the connection between the pl’imary Winding 
of Said Second transformer and the control wind 
ing of Said reactor, Said network being adjustable 
in accordance with the adjustment of the volt 
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age divider whose adjusting element affords the 
highest Signal voltage. 

7. For Supplying and effecting adjustment of 
the phase angle of a voltage applied to a control 
Circuit, a network comprising a transformer halv 
ing a primary winding to be supplied from an 
alternating current Source and having a second 
ary Winding having at least one intermediate 
tap, an adjustable voltage divider having its im 
pedance element connected in parallel with the 
Secondary Winding of Said transformer, a pair of 
impedance devices having different impedance 
characteristics with respect to each other con 
nected in Series and together in parallel with a 
portion of Said Secondary Winding of said trans 
former, half wave rectifying means, a second 
transformer having a primary Winding in series 
circuit with Said rectifying means between the 
adjusting element of Said voltage divider and the 
Secondary Winding of Said first mentioned trans 
former, Said Second transformer having a 
Secondary Winding connected in parallel with 
One of Said impedance devices. 

8. The combination of claim 7 in which said 
impedance device in parallel with the secondary 
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winding of said second transformer includes re 
sistive impedance and the other of Said imped 
ance devices includes inductive impedance. 

9. The combination of claim 8 in which said 
other of Said impedance devices comprises a con 
trol element of a control circuit. 

10. The combination of claim 8 in which said 
other of Said impedance devices comprises a 
control element of a control circuit and a satur 
able reactor. 

WITTTAM. H. ELLIOT. 
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