-2 137° 3 GAS DI SCHARGE LAMP CONTROL ARRANGEMENT BACKGROUND OF THE | NVENTI ON
5 5T This.invention relates to control of the energization of gas
di scharge’ | anps, and nore particularly relates to a novel pulse network for

the ballast of a gas discharge |amp which is to be dinmed by a hgf - :
control unit. 10 It is well known that quoresceﬁ%fﬁé@p gaﬁcbe '
dinﬁﬁg t hrough the use of thyristor-type phase control units in series with
an Jfductive bal | ast and the lanp. The terns thyristor phase control or
thyristor switching will be used heTetnafter to broadly 15 desi gnat e
the well known phase nt.L. t] | he, . aed by any suitable
swi t chi ng devi ce sucﬁxgsbégb‘éﬂe@%&?P*\i@rég{uh&ﬁ&a 2 ml@greak-over di ode,
or the like. Wen the ballast is a sinple series inductor, phase control
can produce di nming of the 20 | anp out put to about 20% of the

avail abl e |i ght ‘ogapwgrebnbhEer! 488 IPFeYEsN When di nming bel ow 20% severe
lanp flicker and Oneven r1gnt outpur berween parallel lanmps will occur. The
performance of Such dinmmng circuits and 25 | anps can be inproved by

i ncreasing the supply voltage = - l1la - and the ballasting inductance. By
i'ncreasi ng supply This invention relates to control of the

energization of gas discharge lamps, and more
particularly relates to a:novel pulse network for the
ballast of a gas dischargé lamp which is to be dimmed
by a phase control unit.

10 | It is well known that fluorescent_lamps can be
dimmed through the use of thyristor-tyﬁe phase control
units in series with an inductive ballast and the
lamp. The terms_thyristorlphase control'or'thyristor
switching will be used hereinafter to broadly '

15 designate the well known phase control function which
can be obtained by any suitable_switching device such
as a thyristor, ﬁriac, transistor, break-over diode,

i\_/ or the like. When the ballast is a simple series

| ‘inductor, phase éontrol can produce dimming of the
20 lamp output to about 20% of the available light output

. - of the lamp. However, when dimming below 20%, severe

lamp flicker and uneven 1ight output between parallel

lamps will occur.
The performance of such dimming circuits and

25 lamps can be improved by increasing the supply voltage



voltage, there will ‘be a nore continuous flow of energy to the lanp, *-2-
arc during the off period of the thyristor or other switch device to
_prevent |anp deionization during the off period. It is also known to enpl oy
a pulse formng cir- ‘cuit connected to a tap on-the ballast inductance.
Thus, a 5 series .connected resistor and capacitor form ng the pulse
network are connected to a tap on a series ballast. During the beginning 6f
t he conduction w thin each phase controlled cycle, the pul se network wil¥™s
appear as a |ow i npedance, antiawel| cause transforner action between the -

t apped sections of 10 the inductor. Thus, a high voltage can be applied
t-o the | angnd otheRald asteingd dpducd ancei-ki BY dngseasingt 8WPPLY phase
‘control |l ed conditions. As the capacitor of the series capacitance and
resistive ¥91e38% - difitfedihos Aamors: fRRtAREPBA FéA%ceE and the main
power source is q¥ tuag] 15 applied to the lanp through the series

i nduct ance®¥FrHi ¥° rangenment has been found to produce positive
ioni.- zation of the pllasma within the |anp each half cycl e and provi des
repeat abl e | anp conduction characteristics fromcycle to cycle so long as
the a-c supply voltage is high 20 enough, and so long as the frequency

is relatively high (greater than about 50 Hz.). Wen the frequency is |ow,
for exanple 50 Hz.,.the lanp or parallel lanps tend not ‘to reionize
conpletely, particularly at the low end of the o

\_’J.



di mmi ng range.. This gives rise to lanmp flicker and poor 25 mat chi ng of

l'i ght output between | anps when di mming bel ow 10% of full I|ight output. To
overconme this problem it is a commobn expedient to i npress an i ncandescent
lanp load directly in parallel"with the tapped portion of the ballast

i ndugt or and the 30 pul.se network. ' The2+ncandescent |anp | oad is about
10 w@;ts for each fluorescent lanp which is in the entire systemdriven
froMa comon phase control assenbly. \Wen an incan- descent |anp |oad of
this size is apfrci 4raBgotBeapfippeaipé|of tha. thwrisken o thsm i tahe
pul se networ k 'Géﬂil@éo‘décﬁr&(@ﬁu £8hp JiETbRIzLPES R i d® 0 Q¥ A %Fidde
avai l abl e i ght output. of_ the | s, wth po significant_|la flicker. Thus,
"nan installation 5 It IRpPLgPnsRowR| ERpETRIGH &PYERS AATHRE A1l s
‘for exanple, ac2@@ wehhethedntesaetiapl anptherbahlesti vedwentarasi stThes | aad,
is enpl oygd for b LOQJyn e J : :
| anps in §ddit|58%|a'?8 ?ﬁéngé% ge%ﬁ%ggf'@%o?@%%%ﬁefpom%%&% ov<ragre, t he
addi tional resP&tWeEk| 8868 £oNBOATBAI YO a¥dEYP YN t heSexipHiaklasict aluring

rat her than theheabbg%nm@uwcwée&on&@cw@ﬁ_&fﬂlﬁe%&h 1th SOV b
the load is uncontro Ig%,Bgﬁgspggguces an. addi ti onal maintenance, 15
s

probl em  Mor eG¥ERE rwh ¥ABk| ¥hhi apReaffig @ low impedance, and

< will cause transformer action between the tapped sections of
10 the inductor. Thus, a high voltage can be applied to the
_ _ lamp to ensure its adequate striking under substantial phase
k\_/ controlled conditions. As the capacitor of the series
capacitahce and resistive circuit charges, the transformer
action reduces and the main power source is eVentually
15 applied to the lamp through the series inductance circuit.
This afrangement has been found to produce positivé ioni.-~
zation of the plasma within the lamp each half cycle and
provides repeatable lamp conduction characteristics from
cycle to cycle so long as the a-c supply voltage is'high
20 énough, and so long as the frequéncy_is relatively high
(gfeaterithan about 50 Hz.). When the frequency is low,
for example 50 Hz., the lamp or parallel lamps_tend not to
reionize completely, particularly at the low end of the
. dimming range.f This gives rise to lamp flicker and poor
AN 25 matching of 1ight butput between lamps'when dimming below
10% of full light output. :

' To overcome this problem, it is a common expedient
to impress an incandescent lamp load directly in parallel
with the tapped portion of the ballast inductor and the

30 pulse network. ‘The incandescent lamp load is about 10 watts
“I fbr each fluorescent lamp which is in the entire system
driven from a common phase control assembly. When an incan-

descent lamp load of this size is applied across all parallel



or renoved fromthe system the incandescent |anp | oad nust be changed 'for
opti mum di nm ng performance. In some cases, di mer manufacturers have

i ncluded such a resistive load directly in the dimrer 20 phase-contr ol
circuit housing. This, however, substantially increases the size of the
housi'ng because of the need for dissipating the heat approxinmately 10 watts
for each fluorescent |anp which may be connected to the controller. 25 - L’
According to one aspect of the,present invention = - 3a - thereis = E*f
provi ded a pul se di mhing balTa3t containing a pair of a-c ternmnals, a

provi ded | all ,. o termnals,
RTINS L U

a-C term nakgeheAd @XmmiAg! ﬁpéfa)m&m fo S 0 T gy ough a phase
control sw tching nmeans; said ballast i.nductor having a winding tap; a :
pul se netwaklsifiableesighki agtpat dofasheli samipes gei dtanw duri ng each hal f cycle
of said a-c source; said pulse network 10 - conprising a series

connect ed isé¢gnifécanhdlsmpatlickeconrthusd betamedmnsy@ld afdldnast i nduct or
~and one of said pair _of a-c termnals whereby said pair of a-c termnals,
sai% phase eBpAPYéngsAlt EAPRE Wibls20 sEeePesl e MalMaAsEsmd o portion . of

said ballast inductor 15 - are connected in series with one another;
wherei n t hexample, a 200 watt incandescent lamp, or an .

equivalent resistive load, is employed for the best
dimming performance. |
| Thus use qf.ihcandescent lamps_ih additionito.the
10 pulse network wastes power. Moreovef,.thé addifional3
resistive load is commonly added_by-thé equipment
installer, rathér than the ballast manufagtﬁrer;3so -
that the design and connection of the load is
uncontrolled, and produces an additional maintenahcé
15 problem. Moreover, when ballasﬁs_aﬁa iamps até-addéd
or removed from the system, the incagdesgent lamp load
must be changed for optimum dimming performance.
In some cases, dimmer manufacturers have included '_" -;;) .
such a resistive load directly in the dimmer
20 phase-éontrollcircuit housing. This, however,
substantially increases the size of the housing
because of the need for dissipating the heat
approximately 10 watts for each'fluoreSCent lamp which
may be connected to the controller.

25 According to one aspect of the present ipvention



-inprovénent conprises a discharge resistor connected in parallel at |east
W th said’ capacitor of said pulse network, said discharge resistor being
sized to ensure substantially conplete dlscharge of said capacitor 20
during non-conductive periods of said phase control switching neans.
According to another aspect of the present invention there is provided a
| anp di mmi ng and contr ol system conprising a plurality of parall el
conifect ed 25 pul se di mm ng ballasgs whi ch are driven in parallel
froma comon a-c source and are confrdR &d by a common series connect ed

phase cont rol swit clygg, ngsag,sr I o 3l Bintnd! BHLIUsEOLbAE NG

containing a respec m nal I nduct or

and a gas discharg mncmnest pd118seCihaBCtLE Nafidca s her
and with said paire%+ a- c ternlnals each of said ballast inductors havi ng

a wi nding tap; eaCthécEE&ébFIﬁﬁﬁ$Bdhdae@chekﬁhh&btebeuﬂgsexﬁesed1€homnsald
common a-c source and through said 10 common phase control sw tching

means; each of sai dapotier dmdnwighbaaids pairavifng-g tespénalse paidepair
network for restriking said gas discharge |anp during each half cycle of
said a-c soBrce; eaocfi afcstémmindlse bedingoexsitapdei £rag ansarre8ovLPRect ed
resistor and 15 capaci tor connected between said ball ast’ |ndygtor and
one of their respecandethegughia hafiegontrpde s¥itchipg means; sa

ballast inductor having a winding tap;- a pulse network
i\;/ _ for restriking said gas discharge lamp durigg each
"half cycle of said a-c source; said pulse network
10 comprising a series connected resistor and capacitor
connected between said ballast inductor and one of
said pair of é—c terminals whereby said pair of a-c
terminals, said phase controi switching means, saiq
' puls? network and a portion of said ballast inductor
15 are connected in series with one another; wherein the
improvement éomprises a discharge resistor connected
-in parallel at least with said capacitoi of said pulse
~_ network, said discharge resiétor'being.sized to ensure
| substantially complete discharge of said capacitor.
20 during non-conductive periods of said phase control
- | “switching means. |
Accordihg to another aspect of the preéent
invention there is provided a lamp dimming and control

system comprising a plurality of parallel connected

25 ‘pulse dimming ballasts which are driven in parallel



i mpr ovenment conprises a respective discharge resistor connected i n paraklel

at least wt

~di scharge 20

di scharge of

h said capacitor of said pulse network, said respective
‘resistors being sized to ensure substantially conplete -

their said capacitor associated therewith during

non-conductive periods of said phase control swtching nmeans. The discharge
designed to ensure 25 - conplete discharge of the capacitor,

resistor is

under any phase - 3c - contrql. delay. By conpletely discharging the

pul se network capacitor prior T fre arrival of the |eading edge of the

phase controlLl ed voltage, the pulse network has.a subgtantially zero
bt sﬁh EESﬁtg%pﬁration_of t he

initial volt
bal | ast and
I'i ght out put

Bem 1 gommon a<q JAUrSH AR 2x%q “RBREP

e

LORRSn "W ed SSbHiRdd (¥, HHAL 0BT -89 " wi RcRiflg LN 170 O Full

e resisto I'nvention, -conne

across the capagidPrsLia t\f1 S8/ Sl 1G9 Va1 123280 coRkMidiAng! Rat e

y 3 watts for each fluoréscent |anp associated with the di mmer

‘appr oxi mat el

to produce g

The di scharge resistor can al so be connected across

5

10

and a gas discharge lamp load, each connected in
series with one another and with said pair of a-c-

terminals; each of said ballast inductors having a .

winding tap; each of saidfpairs of a-c terminals being _'

excited from said common 2~c source and through said

common phase control switching means; each of said

 pulse dimming ballasts having a respective pulse

15

20

25

network for restriking said gas dischérge.lamp during
each half cycle of said a-c source; each of said-pulse

networks comprising a series connected resistor and

' capaéitor connected between éaid ballast inductor and

one of their respective pair of terminals; wherein the
improvement comprises a respective discharge resistor
connected in parallel at ieast with said capacitor of

said pulse network, said respective'discharge

resistors being sized to ensure substantially complete

discharge o? their said capacitor associated therewith
during non-~conductive periods of séid phase control
switching means. |

. The discharge resistor is designed to ensure

complete discharge of the capacitor under any phase

fFectly

POSp &t ETF & paip Vot a-kPordrniivalsgvai babliasti §h8udtor, Out put .



t he capacitor ,and series resistor conbination and still performthe
required function, but connection across the capacitor alone provides the
best performance and the | owest dissipation and is therefore preferred. 10
It is possible to further reduce the resistive power dissipation to |ess
than 1.5 watts per lanp by enploy- ing a positive tenperature coefficient
(PTEJ resistive el ement as the resistor of the invention in applications
whi efi"do not require rapid | arge cha_n%eé_i n light output. A 15
representative device is the P52E102N manuf act ured by TDK El ectronics
Co., Ltd. of TokyQonlaRandePd¢h 2pge¥bmpl Kbl Pid Sséhdi®fihd Al guigeease in
resi stance when its tenperature reaches a certain value. Therefore, at high
l'i ght output |evelnetwadrki gapBYbBtyel pbager appeelie &er DEsl tde yHe Seeadrmngor K,
20 and the PTC device will self-heat and cause its resistance to -

i ncrease, |imtingdoe bifethpopbasdi sshpadibed Thktidgegh thesimtlaee value is
of no consequence when operating at a. relatively high |ight output |evel.
Wien the di mrer oudtefmoriks hgscpegybatanhdabir gexe cinkbiak wiktagsl fa s

resi stance 25 ~drops to a |-ow enough value to $ro§frly@ﬂj sch rgle t he

pul se capatitor. TREYSEWEEOPRRi BPAgCERar SEERFi ARPFL2 RO 'iﬂﬁglﬁ Jaskel s
results in the inpr \/ﬁ%ﬂ%erfornnnce o]fl_ Lhe'PTC‘gevi ce.r Av?r;i ve t% a fixed
val ue di scharge r &8 g, uﬁSﬁévé??u'_? aPinke" JUY’p?R i rap’i dIaQ'1 changed
ffom a hi gh val ue l,@W 30 ¢, 7 3 Vak er tid® Sstant of the
PTC devi ce pr eventbtseq‘lot%’_ fl(r%or%%i rﬁg%én?%ﬁggué{ggpégédﬁ?ifnégr;g%l'ts val ue, so there
may be a 15 to 20 second period of lanp flicker imredi ately after the

oyt put is reduced, while the PTC device.cools and its resistance drops to a
suitdbl e value for discharging the . '



--resistor is hui

35 . pulse capacitor. ‘This limts the useful ness of the PTC device to ~
applications not requiring rapid |arge changes in |light |evel. Each pulse
network for each lanp (or pair of l|anps) may be totally self- 5°

cont ai ned and nay be placed conveniently within-the ballast or |anp

fixture. By contrast, a single ince#rdescent |anp load of ‘the prior art is
used for all of the fluorescent |anps and pul se networks of any gi ven

installation. Thus, the installer had to be caut i ous abogt ch ngi ng the'¥£k
val ue tfe imventiqn i monnecd e direst 1ys aGTess &ie fERBSHLO5f Otanps  and

fi Xt urgghe P Seatd o Me) Qldewtoaillyethlswltﬂwehepmemmtlelwer& mamtst he
I nto the pul se network and |t§ val 3 |%herently

cor r eckq% es%%oélflfﬂreﬁ&e'} r‘?ﬁ'"ﬁ’r ASHRSL e BRAR 8% RIS $%en fixture. 15
I n t hepmmbice tgmad akinming dooad m'asl% rdudhillt @vigridwibde ddightf or thyri stor

h
gL c I({l&c}ﬂ&gera esrk?io d('}-l{ -rddi tZﬁIplﬁa'& d1SP Y Brhddtala aleosasi stive

Ioad arge t se network capaci tar, _during
t hyri sthe WQW&Q%@Q%%& wasistan qombinadion gnd $idlls not 20

- preseierfdian OfHe/ 1€E e def i tidm) Bue cbanmsﬁmn igerides [phieor art pul se

network i s throu |tself [
" causi rFREGEEY %?Rfep(ﬁﬁo‘?%érﬁ? %t{eclﬁ%g pﬁ}fﬁ(‘)r&g \{12{ ﬁrrllogu%'tor%?%r esi dual
- char gaedissipetion xndirds mhsmmwmﬁeﬁmS'@eatly dependent on the .
jguristor tura- 7o 35 QldsHAMS Sttty Wedhdd YRPEABdivelevi ce and

romcycle
power dissipation to less than 1.5-watts per lamp by employ-

ing a positive temperature coefficient (PIC) resistive - : | ' \;;}
element as the resistor of the invention in applications: ' '
which do not require rapid large changes in light output. A
15 representative device is the P52E102NF12 manufactured by TDK
Electronics Co., Ltd. of Tokyd, Japan. Such a device exhibits
a very rapid increase in resistance when its temperature
reaches a certain value. Therefore, at high light output
levels, a high RMS voltage appears across the pglse network,
. 20 and the PTC device will self-heat and cause its resistance
to increase, limiting further power dissipation. The high
resistance value is of no consequence when operating at a
1 relatively high light output level. When the dimmer output
is decreased, the PTC device cools off and its resistance ;
25 . drops to a low enough value to properly discharge the pulse - W’
capacitor. The power limiting characterlstlc at hlgh output o
levels results in the improved performance of the PTC dev1ce
relative to a fixed value discharge resistance. However, if .
dimmer 6utput is rapidly changed from a high value to a low 3

30 value, the thermal time constant of the PTC device prevents
it from instantaneously readjusting its value, so there may -

be a 15 to 20 second period of lamp flicker immediately

after the output is reduced, while the PTC device'cools_and

its resistance drops to a suitable value for discharging the
35 ' pulse capacitor. This limits the usefulness of the PIC



to cyele for the same device. Thus, on the next half cycle the anmount of
resi dual charge I nf l.uenced t he anplltude of the high voltage restrike pul se
whi ch- was “generated. Wth the present invention,discharge of the 30

pul se network capacitor is ensured-by its -8m correctly si zed di scharge
resistor 'so that each pulse will be gener- ated fromthe same initial
stored charge val ue ﬁﬁ;eferably .zero).  This accounts . for the.inproved

di mhg per f ordeFHCE Wi GPRIE CHALONT AN FRYAE RSy SRPHT 4875 @tﬁ&ﬁﬁ°8§ the
inven- 35 tight dwwered to prior art pulse dinmmng systens which do

not use the resistive Ioﬂcgr ﬁea ﬁéengkI’Ef?ftlé( Sch Ol iy A ssi pates

| ess than about 10 watts fl uorescent | the system The
i nvention wil lpade deder |1l§@@5r)ovv!néy whg ototally 5%;(%'an e only with

particul ay refgy %écp tdzf ﬁ%%@o%&wc& doAWeRdSnthy we%nqrnawh@g%au&ts&ur e

1is a sc enatlc |agran1 a'prior art dimmng circuit for. %t
di scharge | am®T sh#d® dst UM o &c &R0 HAHT,» \Rfmsé-ﬁ‘séﬁpI‘-Wé'nfiﬁ?Fle tolamp
swi tching 10 loa.d aﬁd t'cheSQfﬁ:.Qﬁ' hatd 3%l usRdUFoR a1l oUr &h?d TheeTezceurt her

5 the ol roul AR A GUHE &I ARRART B5o o PN EL ToF, §PY s et Ot | SORy
il lustrates timeciimatidller bad to beheamtiomst aboudntchemgimgntibeh vialaepwlise
network gontaiyg 8 U 8 Ys W IR AehiDer® ¥ 19mps and
fixture combinations were installed. With the present
invention, the resistor is built intb the pulse network and
&\_/ its vaiue is inherently correctly sized for the lamp or
| lamps associated with the given fixture,'
15 In the past, the resistive load was thought to
| provide only for thyristor latching arnd holding curreant. In
fact, it is believed that the resistive load also operates
to discharge the pulse network capicitdr during thyristor
non-conduction intervals. If the resistive load is not
20 present, the only discharge path for the capacitor in the
| prior art pulsé network is through the thyristor_itself in a
highly variable manner, causing flicker and poor lamp matching.
Therefore, the amount of residual charge in the prior art
pulse network was greatly dependent on the thyristor turn-
25 . off dynamics which vary from device to device and from cycle
N " to cycle for thée same device. Thus, on the next half cycle
the amount of residual charge influenced the amplitude of -
the high voltage restrike pulse which was generated.
With the present invention,- discharge of the
30 pulse network capacitor is easured by its own correctly
sized discharge resistor so that each pulse will bé'gener—
ated from the same initial stored charge value_(preferably
zero). This accounts for the improved dimming performance
which is obtained with the novel pulse network of the inven-
35 tion, compared to prior art pulse dimming systems which do



art incandescent | oad. Figure 4 is acircuit di agram of a second enbodinent’

of the invention in which the filanent 20 heat er, Wi ndi ngs are al so
shown and in which the ballast inductor is differently connected than in
Figure 3. - 6a - DETAI LED DESCRI PTI ON OF THE DRAW NGS Referring first to_

- Figure 1, there'is-shown therein an a-c supply source 10 which can, for-

exanpl e, be 230.volts RV to 50 Hz. The source 10 is connected in'ser|%¥§
with a schematically illustrated triac 11. Triac 11 can be replaced by
anti-parallel connected thyri@turs arranged in the well known nmanner to
produce a-c phase control switchin Any ot her 10 ype of hi gh- speed
SWi t chi ng RV iUse ¢he Fesdfsiggcdonri oR WFFI apfbRate ‘E%l%‘ﬂ‘é%t of phase

describe’ é’lﬁéaa%a&:aca § es&%%%ﬁ‘s‘s“é%'ﬁ%h?har‘?Q%’@?sé‘)Q&r nEF g n eaen hot
§2V§e|;cg I'n ea?@fQ%q%iﬁa&gmgg ax§h5 s're 'gkérg.S?ﬁécghigetgoﬁ?yo:Oad éan
switching Wi ll ®% jnvention will be described now by way of
5 example'ohly with_particular reference to the |
accoﬁpanying.draﬁings. In the-dﬁéwings:f

Figure 1 is a schematic diagram of a prior art

' dimming -circuit for a.gas discharge lamp, such as a
fluorescent lamp, which employ#Ithy:istor SWitching.
10 and a series ballast iﬂductor;

Pigure 2 shows a further prior art circuit in
which a pulse network and incandescénﬁ.load is added
to the circuit for improved dimming'performance.

.Figure 3-schematically illustrates the circuit of

15 the présent iﬁvention iﬁ which the pﬁlse network
contains a discharge resistor which replaces the prior
art incandescent load.

Figure 4 is a circuit diagram of a second | ;;;}
embodiment of the invention in which the filament

20 heater windings are also shown and in which the
ballast ihductof-is differently connected than in

Figure 3.



-7- contralled by a suitable phase control circuit 12 which can have any
standard design and which can be operable, for exanple, by a rotatable or
-ot'her” novabl e manual control, not shown. 5 Source 10 and

sw. tching device 11-are connected in series with any desired nunber of
paral | el connected sets of ballasts and |lanps. A single set is shown,
consi sting of ballast inductor 13 of any standard design and series connec-
tedagés di scharge lanp 14. Gas discbaé e_lanp 14 can be of 10 any
desired type and typically can be a 40 tt fluorescent |anp. Lanp 14 may
-al so have fil amentppsidigi) peReaired by arseutabrawinganment heater w nding
(not shown) associated With the balfTast. ITn the circuit of Figure 1,
decreased |ight 15 out put ‘i s obtai ned by increasingly del aying, through

phase control, the voltage applied to ballast inductor 13 and lanp 14. It
has been found that |argefenrimg £irstgéoeRigutet he thpeeshdvdhewn Figure 1
can be di nmmred to about 20% of ‘full illum nation before the |lanp begins to

flicker and bef or ethrein pay #i-icelSUPPANeEPEECSLd WRiFANGAN asEWe different
| evel s of brightness. This effect y..a ent _when t

i ticul atl .
fTequency ®f sour c¥XamPley RS é’ﬁ%é’:@tlgg\rwlsggpa@aﬁﬁ%%%% ?&‘f‘r?%t#grlﬁ han
60 Hz., si t the | f, i . | 2 i i i
Greater and it is HOMSEReG i BETICRCRixi s BERGARDICQREVILIN R 5

half cycle. The efdeqd 1f. ahsadmne ol beeaBbeabklnyoureipeakay e ages
across the gas discharge [lanp 14. Figure 2 shows a prior art circuit in

which ‘a- connected thyristors arranged in the well known manner

N~/

to produce a-c phase control switching. Any other

10 | type of high-speed switching device can be employed
which will'produce Ehe effect oﬁlphase:control
-oéeration. The term thyristor phase control shéll be"
used to describe the operation of the switching
.devicé.ll, whereby in each half wave,.the application

15 - of voltage from the source 10 to any load can be
delayeéd in each half wave by any desired angle. The

phase control switching will be



pul se network circuit is added to permt nore dinmng of the 30, output s
of the gas discharge lanp than is available fromthe circuit. of Figure 1.
. In Figure 2,conponents identical to those of. Figure 1 have the sane’

i dentifying numeral. In Figure 2, %he bal |l ast inductor 13 of Figure 1 is_
provided with a tap mhich_divides t'‘Ae winding into sections 15a and 35
15b. - Sectjon 15a has fewer turns than section 15b. A pulse- net wor k -16

conS! AN B B °S.09ARAC! Gale LShdkol ! c20dugEnag bich%odp connect

as sh&ft 16 St ween Wi ng sections 1 e purpose of
t he pdmasz@ mmuanﬂ@nds designeand Whisbi 6ARePeaePEEALBELWERR W nding 5
sect %(rj},% W hohotlatea el oFe other miovanltephasaadebanedoypl hgge is
applie through thyristor control 11 to the inductor 13 and lanp 14. At
this ¥Rt he pul se network 16 will have an extrenely |ow i npedance so
tshat the induct Gouridd ldctand lewizchiiag- deviicendflonmer chauepyedrimary

'S Yhrites, gLkt ) R il 6 9 ph411240 cBphglablbysogh vol tage

pul se acr0ss Ai's hi tage pu 'Se across
“the | owllasts ma@mpse i %lszaziltﬁ]@nseft tlFFeSPQWBa1&F°é§éﬁtétPSeP arelati veI y

I ong %%1%&6@&?1&% ad (HUlind st daRas ezl alndheb@leéf cbnheeual ),

t hat I mm ng 15 can he obtalned t Iomer val ues _when
enpl oyl %%%%rﬁm asrhdl r:\‘&mé’ng‘é g B8 Bhase control
Y1) tagmwaresamchypeam twpﬂ:&]mys ctalnafb@eet #0d welts gluszeseenbrk 16 Y

?Zts ﬁgﬁatnﬁ)anl g& n’qrg%cye aﬁ.os. halvel 18 1aBdUE erinﬁ?ln%%t £.e8¢34Nb§Saan Induct.or -
. suitable filament heater winding (not shown) associated with ‘;’k
the . ballast. ' '
In the circuit of Figure 1, decreased llght .
15 output is obtained by increasingly delaying, through phase'
control, the voltage applied to ballast inddptor 13 and lamp
" "14. It has been found that lamps in an arrangement of the
type shown in Figure 1 can be dimmed to about 20% of full
illuﬁination before the lamp begins to flicker and before
20 - parallel connected sets of lamps assume different'levels of
brightness. This effect is particularly apparent when the
frequency of source 1l is relatively-low,-fer example, 50
Hz. rather than 60 Hz.; since at the lower freduencies the
_ lamp non-conductlon period is greater and it 1s more. diffi- B
25 cult to reionize the lamp in the next half cycle. The : \;}
effect is also more noticeable with lower peak voltages
across the gas discharge lamp 14. .
Figure 2 shows a prior art circuit in which a
pulse network circuit is added to permit more dimming of the -
- 30 output of the gas discharge lamp than is available from the '
circuit of Figure 1. In Figure 2, components identical to
those of Figure 1 have the same identifying numeral. In
Figure 2, the ballast inductor 13 of Figure 1 is provided
with a tap which divides the winding into sections 15a and
35 15b. Section 15a has fewer turns than section 15b. A pulse



20 R . When using pul se network 16, it was the common practice to
addi tional Iy enpl oy an incandescent |anp 'load 20 connected across the a-c
source 10 and phase control device 11. The incandescent |oad 20 has been

t hought necessary to ensure the conduction and | atching of the thyristor or
triac.25 . device 11 which is operated i m&-a highly inductive ball ast
|ndu0Lpr 13. Load 20 is conventionally designed to dissi- pate 10 watts of
powei” for each lanp 14 with which the control 11 is associated. Note that
a plurality ofnetworistts daonsigtingmt & sattiascammacdnd resdgiterpd? and

operated - fromggibitod! 18! £5 GdhidtPRld/ a0 sHYd Y itHeORagP Wefc%elal and a
single resistive |oad 20 wo uldzggﬁass cjated th the S|n ¥r|s- tor

control . Thus¥inqingggckiqps R arfdhe AWK
associ at ed wi trkem&klglﬁa isvto sdmatmrﬁraﬂsﬂoknéﬂ@.aﬂ&msthabmelenadmnduhg be

d d d
I g:hggg |%Oadld§%'%?§fo pI’OVI d‘li ng l?aaf ﬁtlhnégttzij'% %S[iﬁ@t?ﬁl&}’?h?%ﬁé?%ﬁlﬁg@ﬁ :
thyristor contvaltags e aupkied thrangh Wivishare qué!r@dpédi ttor thg 5 of

each of the pulffudESMOlXSad SRR L. WA ¢ rﬁ%dest 't\h% |#2@.@e2gett‘ilork 16
initialize themfor the next hal f-wave operatjon

capaci tors 18 ¥ RVe A1 PHEReBRLY PV éénmntf%(,séjr l’ﬁaft "ﬁ\? L Pife
| Qad 20 is omwiXxl axt ofile vl sise und tdwadsicrssext hwvntg)lprimnyamdung

e aor i g8 P S SRR € 1 s kR WP YoRage
. pulse will be applled across the lamp 14. This high voltage
k\_; o pulse across the lamp will ensure the ionization of the lamp

14 even after a relatively long deionization period (during
the phase control hold-off interval), so that lamp dimming

15 can be obtained to lower dimming vglues when employing the
puise network 16. - After the leading edge of. the phase
control voltage haS'passed, capacitor 18 has charged and the
pulse network 16 assumes a high impedance so that the  inductor
13 acts égain;as an inductor rather than as a transformer.

20 When .using pulse network 16, it was the common
praétice to additionally employ an-incandeécent lamp load 20
connectedlacross the a-c source 10 and phase control device

' 11. The incandescent load 20 has been thought necessary to
; : ensure.the_conduction and latching of the thyristor or triac
N~/ 25 device 11 which is operated into a highly inductive ballast
' inductor 13. 1Load 20 is conventionally designed to dissi-
pate 10 watts of power for each lamp 14 with which the
control 11 is associated. the_fhat'a_plurality of ballasts .
13 and lamps associated therewith could be operated from a
30  single a-c supply 10 and thyristor control 11 and a single
resistive load 20 would be associated with the single thyris-
tor control. Thus, if a total of 20 inductors and lamps
therefor are associated with a single thyristor control 11,
the resistive load would be designed to dissipate 200 watts.



wave, so that an inconsistent striking and dimm ng operation. is obtained -
for all lanps. This is shown in circuits of the type shown.in Fi gure 2 by
a tendency of the circuit to 15 flicker significantly wi th di mmi ng bel ow
about 1% of the total |ight output of the lanp 14 and by different output
~illumnation of individual lanps. Figure 3 shows a first.enbodi nent of the

- present invention. Conponents which are identical to those of 200 Figures
1 and 2 have been given i dent'i cal |dent|fy|ng numerals in Figure 3. The S® -
significant change in Figure 3, as com pared to the prior art circuit of
Figure 2, is the elini- nation of the |load 20 of Figure 2 and the addition
of a dlscharge resistor 30 to the pubse network 16. The dis- 25 charge
resistor 30 is sized to ensure conpléte discharge of the capacitor 18 prior
to the arrival of the next phase del ayed vol tage wave front fromthe
thyristor control "11. By ensuring conplete discharge of the capacitor 18
prior to the next cagpducti e si,st.e o] t Al red 30

and it has been obsgﬁvéﬁstﬁﬁﬁé)d- gvﬁggﬁlén egégnggiféﬁfp iﬁé} %ﬁn C|ently
di med t o tovpseviding lagchipg |and ﬁ&ﬂ-ﬁbﬁg AHFTSETLoRPTH 'iqfﬁ)u-t-yf-‘ﬁ er or

asynﬁﬁtrl(Eﬂntbbngaﬁwﬁﬂﬁs1hehré&ﬂkdt&dtuldi&&hdn@ﬁpsnaheibgﬁn&beylmg t he c!rcuit o
of Fi gure o?f ea.c:ht Qf tq{e gqggE&gtovﬁJ%'Waég aQ:% w%thret?é S.'Ie 5.54-7?;’5 IS a

1K resistor, [tor n1cro - C|tor and _
t he- novel 1d=ia§cﬁ r@% #Dé§|i§t16?’33@'%% fgrithe r‘%?s‘ﬁtsha' f-wave °:’e""'tl°n' - v

If, however, any of capacitors 18 are not fully discharged,

as would occur if the resistive load 20 is omitted or of a - .

value such that less than about 10 watts is dissipated per - \_,)
10 fluorescent lamp, the. on the next half vave, the pulse . '

network will Operate differently than in the prior half

wave, SO that an inconsistent striking and dimm;ng operation

is obtalned for all lawps. This is shown in circuits of the

type shown in Figure 2 by 2 tendency_df the circuit to

15 flicker significantly with dimming below about 1% of the
total light output of the lamp 14 and by dlfferent output
- illumination of individual lamps.

Figure 3 shows a first embodiment of the present
invention. Components which are identical to those of
20 Figures 1 and 2 have been given identical identifying numerals
in Figure 3. The significant change in Figure 3, as com-
pared to the prior art circﬁit of Figure 2, is the elimi- - .
nation of the load 20 of Figure 2 and the addition of ‘a /
'discharge resistor 30 to the pulse network 16. The dis- ¢
25 charge resistor 30 is sized to ensure complete discharge of
- the capacitor 18 prior to the arrival of the next phase ' -
delayed voltage wave front from the thyristor coatrol 1l. #
By ensuring complete discharge of the capacitor 18 prior to
the next conductive period, consistent operation is ensured
30 and it has been observed %.at lamps 14 can be coasistently
and-efficiently dimmed to 1% of their full illumination and
below without flicker or asymmetrical brightness between
individual lamps when employing the circuit of Figure 3.
In the arrangement shown in Figure 3, resistor 17
35 is a 1K resistor, capacitor 18 is a 0.1 microfarad capa-



tor. Thée resistor 30 is designed, in accordance with the invention, to
dissipate 3 watts for each lanp 14 which is associated with ballast

i nduct'or 13 and the pul se network 5 16.° Moreover, in accordance with
the invention, the novel pulse'network 16 i deS|gned as a single conponent
which is separable fromthe fixture and fromthe ballast 13 and fromthe
thyrkstor control 11. Consequently, the installer now has flexibility in

mounting the vafi@uSy i MORE. A5 dﬁé)charg@rxtéﬁb JEEi30 lid S WHIEGRS[YY

with the novel circuit o Flgure 3 to count or_be concerned wth the nunber
of lanps .14 vkP®h aFRke (SRSt 3Q His dpsigned, dny efqardancs ViFmithe pe

f:ont ai ngdbwI It hil?véxhﬁ.@tﬂl S€o rwimﬂraﬂf Wiwafts ffcﬁslséu‘dmtlefnw xmqvﬁmar? afsl It hg
a an a as asse e, [ ST ance | WM e
o dod o L Rsgeratea ot Maagth Sidhetqr T sl e SRR Hethoty |
adj ust ed 5\,hen Bopl dytmgovém. s:.mgﬁ@cowmét wel ty ther dmdeestdion | ddee 2wl
Figure 2. ig“kéé %&&&ﬁk%é%%ﬁ@sﬁéé&%% é%ﬂﬁgl@‘%c@debdﬂétwrvﬁ{ éﬂg&fs of

t he pulse net IS NO Ionger neces- sary t concerne bout

sgparat e mai ntEMRARRPLe frem EAS sTixre and AR the Hiddesindkhand from

enmbodi ment of the ﬂﬁ?ﬁi@ior nyeitreD Bnd acbhidd ety s s ixfsacafneerrmw
transformer far th n$ gngya reV|seg connecti on for(}he i nduct,or. '
Referri et e 40 BMREL198 1§ (VALIQRS | TEmRE, BAT 5 eut

bal | ast ngﬁ’ld I armmsnndai'q, whit cis nsnnmmsngew@lsmheTMbrmcmﬂﬁ d:f of o
Chat swood N. S. ¥y ﬁ%’sﬁr@é'@oungh@rq@é/ ém qfh] ﬁq@
bal | ast for S|n I uorescent | anps %) st stru ture
3(1\/, i ncl udesld Yhicket¥e (usedsines M@m@w ot Fadk mefistor) 30 will
' be contained within the pulse network 16 which is assoclated
with each of the lamp and ballast assemblies. Thus, the
.15 total resistance which will be provided is automatlcally
correct, whereas it had to be recalculated and ad;usted when
employlng the single resistive or 1ncandescent load 20 of
Figure 2. Also, since the discharge resistor 30 is now an
. intégral part of the pulse‘nétWork,.it.is.no 1onger-heces—
20 sary to be concerned about separate maintenance of the
resistive load. : _
Figure 4 shows another embodiment of the present
invention and additibnally shows the filament transformer
for the lamp and a revised connection for the inductor.
K\/: 25 Referfihg to Figure 4, there is shown, in part, a well known
. ~ prior art ballast and lamp assembly which is made by Ferguson
' Transformers Ltd. of ChatSwobd N.S.W., Australia. The
device is désigﬁated a 40 watt dimming ballast for single
~ ' ~ fluorescent lamps, type D140RWTP. The ballast structure -
30 includes a filament transformer 40. connected to terminals 41
. - and 42 which are designed for connection to an a-c power
source having a voltage of 230 volts RMS at 50 Hz. ' A thyris- .
tor type dimmer structure 43 of construction similar to
-that shown in Figure 3 is provided and connects phase"
35 controlled power from an a-c source connected to terminals



and 42 which are designed for connection to an a-c power source having*a
vol tage of 230 volts RVMS at 50 Hz. A thyris-. tor ‘type dimer structure 43
of construction similar.to that shown in Figure 3 is provided and cénnects

phase 35.
-1l - 41

"controlled power from-an a-c source connected to termnals

and 42 to the tap 44 of the two wi'nding inductor 45. Inductor 45

K

has a first w nding section 46 and a second winding section 47 which has’ ;
nore wi ndi ngs than section 46. A conventional 40 watt fl uorescent

havi ng a

| anp 482
conven- 5 tional grounded shield 49 is provided with fil ament

wi ndi ngs 50 and 51 which are connected t.o secondary wi ndi ngs 52 and 53,

- respectively,
is then connected to filanment 50, as shown,

t er m nal

of the filanent transfginer 40. The outer end of wi nding 47

and filanment 51 is connected to
42 as shown. 10 Al so connected between the terninal 42 and the

| oner end 4af and nel2 N 4Gei sap het Er itke OEnRaadedgr sdwdter @8.and capaci tor

61 whi oh GRREESRPNE bls ESLALY vifedRg £ARAGH! 85 ik J S3RBEa Lively. in

Figures 2 an

e present arrangenent

above known di nm ng

bal | ast afdading ItARB P WAl e B?r?Pﬁ?%&&ﬂ??l?ﬁﬁ%ﬁsﬁﬁt%EHa?%e resi st or

62 acr 0ss At beneapaicinadr 46 1vadi (lueirbscents Lampcadphetingliaschavere- of t he

capagd t or ttaﬁme z}ﬁ:a{&rd%dnsm@fd f49'va§e é\lﬁh dalwiehtfﬁaméme'hh&‘ﬂﬁ ling the

bal | ast wit

out resi stor It

mon é lce to
ol oy an SOhERRARL A S50 SidiPesed Fp S9eoRdesy Biadines 32

10

1S

20

53, respectively, of the fllament transformer 40. The outer
end of winding 47 is then connected to filament 50, as
shown, and filament 51 ls connected to terminal 42 as shown.
Also connected between the terminal 42 and the lower end of
winding 46 is the serles connected resistor 60 and capacltor
61 which correspond to resistor 17 and capacitor 18, respec-
tively, in Figures 2 and 3. .

In the present arrangement, the
above known dimming ballast and single lamp is modifled by -
the. addition of discharge resistor 62 across the capacitor
él which will ensure complete discharge of the capacitor

_ before every new half wave. Note also that, wvhen installing

the ballast without the resistor 62, it is the common prac-
tice to employ an incandescent load such ae the. load 20 of

.Figure 2 which would be connected in Figure 4 from the tap

44 to the terminal 42. The functioa of this'incandescent

load, however, which consists of a single common incandes-

25

30

3s

ceat load for all of the pulse dimming ballasts of the
arrangement of Figure 4 is replaced by the individual
discharge resistor 62 for each of the pulse circuits. .

The single resistor 62 has been found to substan-.
tially increase the performance of the'ballast at a given
level of resistive power dissipation and permits dimmiang of
the lamp 48 to less than 1% of its full output illumination
with a dissipation of less than 3 watts per lamp. Moreover,
the novel resistor 62 substantially simplifies the instal-
lation of ballasts and can be assembled as a separate part
of the dimming ballast, along with other pulse network
components 60 and 61 in a separate housing from the remain-

der of the dimming ballast. The size of the resistor 62 is



Figure 2 which would be connected in Figure 4 fromthe tap 44 to the

term nmal '42. The function of this incandescent [oad, however, which

consi'sts of "a single common incandes-. cent | oad for all of the pul se

di nm ng ball asts of the 25 "arrangenent of ‘Figure 4, is replaced by the

i ndi vidual discharge resistor 62 for each-l3-the pulse circuits. The single -

resikstor 62 has been found to substan- tially increase the perfornmance of

the*Bal | ast at a gi ven |l evel of resistive power dissipation and permts

di mmi ng of 305ele¢trd |septhet (ihe Rasisar Mhld disSimfte gpnreximately 3
i Ihl um nalti on witts ac%%& sssimgmajnltmﬁ oS, Ith?in a3t tl?arﬂ}ﬁlballdlfﬂ%t,l\/ﬁﬂﬁ?VEF,

t he novel resjstor Su ang i Si ifies the instal - lation_o

bal I asts and I&%ﬁ‘ll%%"%své%‘%f)‘ﬁ e‘gl%%l%gtseepéﬁvéﬁ%tspa“rt Sfaﬁ%ea:lﬁrnﬁaﬁ 4st |

along wi th othets peebat et lprsmEbl povommpaterbes AEsipdt@ll igasd lyepjar at e
housi ng £rom i N> ERT0I Y] ! : iS4 f

resi st or§'62 i%%isgé-é‘bé%?géct@dﬁsiﬁ ﬁg@%g“%s%%%r“%ﬁd?%%ﬁ%e 60

appr oxi mat el 229 \@ARRCERT BLingle lanp 48..In a two |anp ballast, the

resi stor woul d di ssi patgl tho@Eh Sthe eddet filvernaiod aiEs bBYEnS deRlcatibed Y

smal | power can be di s&jr(glgt ed easily in ' e housi ng
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_ . . the present invent.ion be limited not by the specific disclo-
'\/. ; sure herein, but only by the appended claims.



10 those. skilled in the art. It is preferred, therefore, that the

pr esent

invention be limited not by the specific disclo- sure, herein,” but

‘only by the appended cl ai ns. - -13- CLAIMS 1. A pul se dinming ball ast
containing a pair of a-c termnals, a ballast inductor and a gas discharge

5 .
pair .of

| anmp | oad each connected in series with one another and with said -

a-c ternminals; said pair of a-c terninals being excitable froman-:-

a-c source and through a phase control sw tching neans; sai d bal | ast _SE
i nductor having a w nding tap; a‘pﬂﬂSE‘netmork for 10 restriking said
gas discharge | anp during each @ih&ugycLe of said a-c source; said pul se

network conprising a series con

resi stor and capacitor connected

bet ween sai d ball ast inductor and one of said pair of a-c terninals whereby
said pair of a-c 15 term nals, said phase control swi t-ching neans,
said pul se network . and pul@el GimmihgSsadlhak! a6htaifing 0 paixr chnected in
series with one another; wherein the inprovenent conprises a discharge

resi stor connead aerminadsgl lacbadflals¢ainductbrsand sagasidischdrgmi d pul se

20

networ k, said discharge resistor being sized to ensure

subst@nti al | ylampriicade edichc iconpecsedsindsegpasi vbthdore ,pokheronduct i ve
peri ods of said phase control smﬁtchin% nmeans. - :
e

10

15

20

: 25

and with said pair of a-c rminals; said pair of a-c
terminals being excitable from an a-c source and.'
through a phase'contrdl.switching mgans; said ballast
inductor having.i winding tap; a pulse netﬁork for
'restriking said gas discharge lamp during each half
cycle of said a;c source; said pulse network
cbmprising.a series connected resistor and capacitor
connected between said ballast inductor and one of
said pair of a-c¢ terminals whereby-said'pai: of a-c'_
terminals, said phase control éwifching means, said

pulse network and a portion of said ballast inductor

are connected in series with one another; wherein the

improvement comprises a discharge resistor connected : \,)

in parallel at least with said capéci;or of s;id pulse
network, said discharge resistor being sized to ensure
- substantially complete dischargé of said capacitor
during non-conductivé periods of said phase control
switching means. o
2. A ballast as claimed in claim 1, wherein said

gas discharge lamp load comprises at least one

_—

[



2. A ballast as clainmed in claim11, wherein said 25 gas di scharge

| anp I.dad conpr.i ses at | east one - 14 - fluorescent lanp. 3. A ballast
as clained in claim1, wherein said discharge resistor is sized to
dissipate 3 watts for each lanp in'said gas discharge |anp load. 5

4. A ballast as clained in claim1, wherein said ballast is operable at 50
Hz. B~ A lanp dimmng and contiol systemconprising a plurality of paralle
“connect ed pul se di mm ng ball asts whi ch arggdeiven in parallel froma conmon
10 a-c source and are controlled by a common series connected phase
control sw tching nébosreseewt oclampi d pul se di mming bal | asts containing a
respective pair of a-c terminals, a ballast inductor, and a gas di scharge

| anp | oad, each connect ed. | nA sealbastidd aoleimebtinerclbin 1, whedeidnt bagdi d -
pair of a-c termnals; each of said ballast inductors having a wi nding tap; -
each of said pairs 61seh%rqerm¢$k§tpﬁm4$mﬁksaﬂtﬁgjdmﬂﬁwpsaed3cuatba for
source and. through s I d, co ﬂré%fse cont r ol SMAtChIng nmeans; each of said

pul se di mi ng ballag? ¢h Hpamp gﬁ?fr S 13@Psdoadrwor k for
restriking gaid gas dischar urln eagh alf cle of said,a

sour ce; eac% of said pul 3® % t@ﬁa){%d% £ §mcéﬂn§§FEﬂ1Pe§?§§or
and capacitor connegipflagy ig operable at 50 Hz.

=
3

5. A lamp dimming'and_control system comprising
i _a.plqrality of parallel connected pulse dimming |
: N~ | ballasts which are driven in parallel from a common
10 a-c source and are controlled byla common series
connected phase control switching means; eéch bf said
pulse dimming ballasts containing a respective pair of
a-c terminals, a ballast inductor, and a gas discharge
lamp load, each connected in series with one another
15 and with said pair of a-c terminals; each éf said
ballast inductors having a'winding tap; each of said
pairs of a-c terminals being excited from said common
k\/ ' | a-c source an&-through said commdn phase contrbl
switching meaﬁs; each of said pulse dimming ballasts

20 having a rgspéctive pulse network for restriking said

- gas discharge lamp during each half cycle of said a-c

source; each of said pulse networks comprising a

series connected resistor and capacitor connected

I OLY D

between said ballast inductor and one of their

25 respective pair of terminals; wherein the improvement

* € L M § *



f ) N < -
bet ween said bal | ast i nductor and one of their 25 respectlve pai.r of
termnnals; wherein the inprovement . - 15 - conprises a respective

di scharge resistor connected in parallel at |east with said capacitor of
sai d pul se network, said respective discharge resistors being sized to

ensure substantlally conpl ete di scharge of 5 - their said capacit
“associ ated therewith during non-conductive periods of said phase contr

. switching nmeans. 6. A system clainmed in claimb5, wherein each of said
di scharge resistors is sized Yo F%sipate 3 10 watts for each lanp in
its said g e 9FE§§¥ R qle® s clainmed in
claim 6, l'eféé%ach salgﬁg rggsﬁéﬁ8’|8§§§£§g%§|sts of at |east

one f | UOT £3CEREal AP atl Teast with g éa%%&%%aﬁfckiia‘aguiélec' ai m 5,

wherein said conmon a-c source has a frequency of A bal | ast as
clai med |negwetky) lsaiYespectiivé @isthaege! resistotshbagngrans consists of-
a thyristor switching circuit. 20 10. A systemas clainmed in
claimb5, shzedito senshmoaubstaEntdaldgncoapletet dﬂlsagangencfcon5| sts of a
thyristor switching circuit. 11. A ballast as clainmed in claim1, wherein

sdid their said capacitor associated therewith during _ ;
non-conductive periods of said phase control switching *

means. .

6. A system as claimed in claih.S;.ﬁhérein each _ | .\_/;

of said discharge resistors is sized to dissipate 3

10 watts for each lamp in its said respective gas
discharge lamp load. ' '

7. A system as claimed in claim 6, wherein each
of said gas discharge lamp loads consists of at least 
one fluorescent lamp.

15 8. A system as claimed in claim 5, wherein said

.cqmmon a-c source has a frequenéy of S0 Hz.

9. A ballast as claimed in claim 1, wherein said
phase control switching means consists‘of a thyristor
switching circuit. _

20 10. A system as claimed in claim 5, wherein said
common phase control switching means consists of a
thyristpr switching circuit.' .

11. A ballast as claimed in claim 1, wherein said
discharge resistor is a positive temperature |

25 coefficient kesiStor.

= C° L M S *



discha?ge;resistor IS a positive tenperature 25 coefficient resistor
-15a 712, A systemags clainmed in claim5, wherein said discharge resistor
is a positive tenperature coefficient resistor. 13. A pul se dinmming ballast
substantially as 5 herei'n described with reference to, and as shown
in Figure 3 or Figure 4 of the acconpanying drawi ngs. 14. A |anp di nming
andicontrol system substantially as herein described with reference to, and
-as shown'in Figure 3 or Figure 4 of thelde - acconpanyi ng draw ngs. *
C L M S * .
' 12. A system as claimed in claim 5, wherein said
discharge resistor is a positive temperature
coefficient resistor.
| 13, A pulse dimming ballast substantially as
Vo 5 ' herein described with reference to, and as shown in
'* Figure 3 or_Figdre 4 of the accompanying drawings.
14. A lémp dimming and control system
substantially as herein described with reference to,
and -as shown in Figure 3 or Figure 4 of the

10 accompanying drawings.
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