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Abstract:

The purpose of this investigation was to determine the stroboscopic effect and efficiency of fluorescent
lamps as affected by circuit characteristics* The tests were made on standard two-lamp circuits with a
third lamp in series, using standard 15-watt and 20-watt, white fluorescent lamps* The efficiency of the
15-watt, lamp circuits increased from 3.38 relative-lumens per watt for the 15-watt, two-lamp circuit to
3.52 relative-lumens per watt for the three-lamp circuit. The efficiency of the 20-watt, lamp circuits
increased from 3.36 relative-lumens per watt for the two-lamp circuit to 4.31 relative-lumens per watt
for the 20 watt three-lamp circuit* The percentage of deviation of light output or stroboscopic effect
were 6 and 11 per cent for the 15-watt and 20-watt, three-lamp circuits respectively. The percentage of
deviation of light output of a two-lamp circuit is 16 per cent * A secondary consideration was the
harmonic content of the line current. Harmonic content was 24 per cent of the fundamental for the
15-watt, three-lamp circuit and 16 per cent of the fundamental for the 20-watt, three-lamp circuit. The
harmonic content of the line current of a two-lamp circuit is approximately 20 per cent of the
fundamental.
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ABSTRACT

The purpose of this investigation was %O;determine the
stroboscopic effeet and effieiency of fluorescent lamps as
affected by circuit characteristicss

The tests were made on standard twe=lamp cireuiﬁs”ﬁith
a third lamp in seriés, using standard 1l5-watt and 20-watb,
white fluorescent lamps, .

o The effieleney of the 15-wati, lamp circuits inereased
\from 3,38 relativeslumens per wabt for' the 15iwatt, two-lamp
cireuit to 3:52 relative~lumens per watt for the threeslamp
eireuit, The efficiency of the 20-watt, lamp cirecults in-
ereased from 3,36 relative~lumens per watt for the twolamp

cireuit to 4431 relative-lumens per watt for the 20 watb,

three«lamp ¢ircuils

The percentage of deviation of light output or strobo-
scopic effect were 6 and 11 per eent for the 15ewatt and
o0-watt, three-lamp eircuits respectively. The perceilage
of devidtion of light output of a tworlamp cireuit is 16
per ecents o
. A secondary consideration was the harmonie content of

the line current., Harmenic coutent was 24 per eent of the
fundamental for the 15swatt, three-lamp eirecuit and 16 per
cent of the fundamental for the 20-watl, three-lamp circuwit,
The harmonle content of the line current of a twoslamp ¢ir-
cuit i¢' approximately 20 per cent of the fundemental,’
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I Immw@ﬂ@m

The purpose of this invesﬁigatien was to determine the
stroboscopic effect and efficlency of fluoreseent lamps as
affgcied by eireuit characteristicsy

The stroboscopic effect of fluorescent lamps is a matter .
of considerable discussion among illumina%ion enginée?s# 0b~
thalmologists and opbometrists. Morganl states that Pégifie
Northwest epﬁbalmalegis%s and optometrists report that 20 to
33 1/3 per eqﬁé'af a1l patieﬁts say eyestrain was First
noticed when they started working under fluorescent 1ampé;
Morg‘an1 also wfbtég "As te. the stré%mﬁeapic effecty this is
ar obvicus defeet in fluorescent lightings" _

The 1§rges% use of f1uppescent lamps 1s on altefna%ing
current SOQrQeév The Jight output of flu@res¢enﬁ‘;ampg fele‘ |
lows the cyelic égrrent Vﬁ?iﬁtibﬁﬁy: The?eforeé the light oute
put drops almost to zebog-exeept‘far phosphorescent effec?s%
. when the’curfant drops to zeras guch va?iations in the light
output are termed the siroboscoplc effect anﬂ dre measured as
the per cent of deviation of light Guﬁpmt from the meang

© Commerelal single«lamp igstallations have a per cent of
devietion ef 35 per‘eenﬁ for white fluoresgent lamps and 55 per
cent for daylighﬁ;@lﬂarescent 1amp$2@ This hés been impfoved
by'the use Qf,two-lamps‘operéﬁed\in ﬁaral&al;‘qne leadi@g-ﬁha
1line veltage by 60 degreesg; and ane-légging by 60 degreess The

two-lamp ingballations reduced the stroboscopie effect to 25
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per cent for daylight lamps and 16 per cent for white lamps.
Operation of three daylight lamps on separate phases of a
three-phase supply reduces the stroboscopic effect to 5 per
cent, which is comparable to the 5 per cent deviation of 100-
watt incandescent lamps and better than the 13 per cent devi-
ation of 40-watt incandescent lamps2. Three white lamps on
separate phases of a three-phase supply have a deviation of

3 per cent. Because of the equivalent three-phase light out-
put of the experimental circuits, a 3 per cent deviation is

theoretically possible. The three-laups circuits iInvestigated

-/TnnnNnxr
BALLAST

rwh
WCTT v-

- &
LEAONG LAMP

i) LAGGING LAMP

input Terminals

ligure 1. The schematic circuit Uiatgian of the lamp
circuits
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had deviations of 6 per cent for the 15-watt circuit and 11
per cent for the 20-watt circuit.

Three-phase supply
is not available at the
majority of fluorescent
lamp installations.
Therefore, for a reduced
stroboscopic effect on SR ORRENT
single-phase supply,
some method of phasing
lamps properly must be
employed. A complicated
circuit could be de-
signed to operate sat- Figure 2. Vector diagram of

lamp currents

isfactorily but the
primary consideration of this investigation was the use of
commercially available equipment. The circuit investigated
was a commercial two-lamp installation with a third lamp
connected in series with the line supply and the two-lamp iIn-
stallation. The schematic circuit diagram is shown in Fig. 1
and the vector diagram of currents and line voltage 1in Fig. 2.

The efficiency determination of the circuit that was used

for this study 1is not a complete analysis of energy distri-

bution. A complete analysis would involve equipment that was
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nﬂt.availablaa Factors such as fhe conduction and danection'
of heat, lumen cﬁtput; Tadié%aa bbat and ulﬁrawviei@tléﬁhﬁ‘
".version would have to be eensidered for @ aomplete unalysisg
Therefmre3 an effiGLeﬂGy cauparlsen of the three»lamp circuit
"with a. commerclal two»lamp circuit using white 1amps ccnsﬁz»
ftuted the efflclency studys

Beeause of the effect of a diSte&tad éurfeﬁt ﬁaﬁe'upon

:the~efficieﬂcy'and light autpvt;'a éeémhdar&'éeﬁsiééréticn

of this investigatien is the distortion factor of the eurrent
waves, The distorfion factoer is' a Fatio of %he effeetlve
‘vaiue o-_uhe harmonie eontent. of a. wave to the emfeﬁtlve
vélue of the fﬁ%al-waveB Peterson and Blakeslee3 say tﬂét
the distortion factor Shoula be 0:25 er less,‘ ﬁsing the’
Eouyrisr graphicsi method of wave ana1y51s? diﬁtcrtimn Eaators‘
Of 0424 Tor the 15-wabh, threeelamp clrenit and 0.16 for the

2®~watﬁg thfee@lamp elreult were determlned@
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11 EQUIPITFINT AND PROCEDURES

A. Equipment
The equipment used in this investigation consisted of
the following: two, three-lamp chassis shown In Fig. 3» one
single-lamp chassisj a variable auto-transformer; three a-c
ammeters $ an a-c voltmeter; a wattmeter; a vacuum-tube volt-
meter ; an electronic phototube circuit; a three-stage ampli-

fier; an lcosohedron photometer; a Macbeth iliuminometer;

| dibj 1 BALLAST = *

Figure 3. Lamp chassis assembly
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three onesolm shuﬁ%s;'amﬂ|a,magné%iéwvseiilagnaphw
The 1amy,éhaésis.werezcut ﬂrem’mésqnite with wooden
i.SﬁPf@‘f?'I’@iS Bt :é'a-eh endq | BJhe 'eircui;t-- 'c.wmp'@mem‘st i:eee«s-samy for .
ﬁperéﬁiem wera'moun%eé'eﬁ the lamp-éha%sigfaS'ShaWB in Pigs 3w -
. General Eieétrie*?ﬁﬁﬁamp %@ilasﬁs weve used in the twoy
three»lamp GlfCUltaa ihe 20~waﬂt lamp balldst is rated 0u45
1ine-ampere at 118 1wne vciﬁageg 60 cycleg wmth E} full«lead
Qless of 9 Watts and a fulil «Load power factor of over 90 per
vf@@ﬂtm The batalog Numbcr @f the Zaawat% twomlamp ballast
is 58@678@ “The 15»watumlamp bailast is rated 0,35 line ame
peres at 118 line volts, 60-cyecle, with a fullwload Joss of
9 wattss mhe gatalog Number of the l5swattg twa~1amp ballast
is 58G679. The single«lamp clreuib. used a Jafferacn Blectrie
eorpcrationg 15~watth1amp ballastg The ballagu is ratea at.
0516 11ne amperes at 118 line wvolbs. The ballast is 218752¢
The twog three~lamp. chaaqis were supplied with ﬁhfee powers
input termiﬁals, One is commen, and is conbecﬁed to the line
input of the ballastg The ether two termlnals are cannected
S0 that elther the three«lamp serles czrcumt or the convemtlon»
al two»lamp clfcult may be useds @ther termlnals on- the 1amp
boards. are aamper connection terminals between bhe ballast
amq lamps» anPg glowwtype starters were 3nstallaa for ﬂ%art&
ﬂlng the two parallel lamps., A m1crasw1ﬁcg was 1nstalled Tor

starting the series lamps PTGVlSi@huWES algo made for the use
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of a. glow starter with the sariag,tubﬁﬂﬁ,ﬂﬂx;thergmgplete.sghag
- matie cireuit diagram of,the:threeﬁlamp ¢hassis@}see‘Fig@?i#
The single«lemp .¢ireult was constructed in g gimilar -
:'manner'as the preceding threeﬁlamp_cirquits;':Two line-ine
‘put terminals and g Jjumper conﬂecﬁien-bgtWeen,the,lamp and_,
ballast wére provided, The siﬁgie% fluofescent lamp was
~su§plied with 2 microswiteh and a glew starter connegtion
~for starting. |

The varigble auto-transformer was a 220svelt, threes
phaseg'Q@Qﬁwdeita.Variac% ‘ T

The awe amme%ers#nsaﬁ:had'a_ﬁange of.@w;.aﬁgétgsh
Standards for calibrating the amﬁeters Weré not,availablé;‘
- bt the'ammeﬁérg.ﬁére checked with several available ammeters
and the ééviatiéﬁ;waé‘f@uhd to be one per cémt ar less from
the average of All ammeber. readingss

The a=¢ voitmeter‘used had %Wo}Vm}?&ge,faﬁgésp The twe
seales were 0-150 volts and 0-300 velts. The voltmeber Was |
calibrated with a staﬁdard aﬁé‘was found to have less than
045 per cent epror per readings o -
| The awe wattméter used had two voltage ranges and two
current ranges. The two voltage raagesﬂwere4ﬂélﬁé vé;ts'ané
0+200 volbs. ‘The two'currenﬁ iémge$‘Wefe 0~0,5 ampéres and
0-1 am@erésﬁ' The wattmetér was chedéked against a standards -

Reading errors of three per'aeﬁt'weze found; .0On the basis




Oscillograph
PJ 23

320v.

PJ-23- Gos Photo Tubs Cl - 8 mfd. Good.
RLR2 - IMsgohm Rsslstor 02 - 0.25 mfd. Cond.
Ra - 50.000 ohm Rsslstor
R4 - 1000ohm Potentlomotsr
Eg - g.hgl\/'\l/clegohﬁw RReS|s_tor CSXS- 0.1 mfd. Cond.

- 0. egohm Resistor - i
R i IOOOoh?n BooStor C7 50 mfd.,120volt Electrolytic Cond.

RB - 0.16 Megohm Resistor
R9 -0.12 Megohm Resistor
RIO - | Megohm _Resistor
RU - 600 ohm Resistor

Transformer, Pri- ROOO ehm,$ec - ISohm

Figure 4. Schematic circuit diagram of the electronic phototube and amplifier

<T
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200 500
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Frequency characteristic of the amplifier.
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of the determined error per reading, the power data was

,carréctedw

The vacnum~tube valtmetef used had aﬁc sgéies of Owe5y

0-245 55 0410, ou-scg, 9~25o and 0=1000 volts. The vacuum tube .,

" volitmeter was not eallbr tedy

The electronie phototube and,threewstage'am@lifier CUP s

culbs, as shown in Fig. 4, are one unit, The veltage-gain

_eurve of the>amplifierg as shown in Figs 59 is fl&t"frem

-

.60 eyeles to 2000 gycles per seconds The ampiifier'was

‘designed for a voltage imput and by meens of a power tube

and step~down output transformer, provided a current output.

The tubes used were a PJ=23, 246557 and a 2A3 output tubes

--.The various components are marked on the seheﬁatic‘éiréﬁit~.

.diagram 1n Fige 4e

A ‘General Electrie, type PW&lO*-B29 magnetic @sc1llograph9
gerial number 2581?595 was used. Thev0&01110graph hag glﬂ Gw1
galvanemeter elements,'each rated at 500 m1111amperes mamlmum

aurrent9 and each with a var¢éble seslstanceﬁ variable in

. steps from zero to 5000. ahm sy in series with the galvanometer _

_element and the Lnyut termlnals@

The icosohedron photbmeter was coﬁstrueted o? Sheet m@talg
palnte@ a buff ¢olor in the 1nte“ior and waq four feet and
seven and onenhalf inches between facess.

The Maebeﬁh illumin@meber, nsed in condunctlon W¢th the
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icosohedron for determining the relativeslumen cubput of ‘the

Jamps, was éalib?ated,wiﬁh thé'standaéﬂ”lamﬁ‘aéﬁ reflection
plate3, | ; ' o -
| The three one-ohm shunts were wound with 19 1/4 ﬁﬁéh@s
- of Manganln resistance wire with 0,625 ohms vesistance. ge&
foot and ealibrated with a Kelvih double bridge, B

The fluorsscent lomps tested were. comwerclal 15 ana 20
walt, white lamps. The 15-watt lamps were nanufactured by

the General Rlectrie Corporation and the 20~watt 1amps were

mamifactured by the‘ﬁestlnghouSQ Electriec Corporations Saveng

20-wabtt lamps were uged .and ten, 15=wabt lamps,

\\\l\\ WA RN

. \\\r ll,\\‘\

{ x\\ .
)
l,l\.a,
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‘ . By Procedﬂres; '
1, Determination of the Electrical Chavacteristics
of the Cirecuits. |
_ mheimeterS'were connected according to standard procedureéfm':

£O\pr@vide rea@iﬁgs of the input power, line voltage and line
‘ curreht@ The leading=lamp eurrent agd the lagging=-lamp cuvr-
‘rent were obtained by replacing the jumper ¢onnections with
ammeters in each of ‘the two, ballast lamp~leads, ihis cons
nection gave ﬁhé effectiﬁé value of each lamp ¢urrent., Lamp
voltage drops were obtained by measvring the‘peténtialjdiffer¢
ence*aerass.eachvlamp‘wiﬁh the.vacﬁum#?ube voltmeter., A
'vaguummtpbé v@l%metgrswaswnegessaﬁy for these measuremen@s
~ because. ﬁ:standard a=g ﬁmltmétér5eéuéed ailamP epe?atiqnal
 ,change when.shunted across the fespeetlve lampb Thé preceds
. ing. pr@cadur@ was remeated geveral tlmes with the different
. lamp circuits and avexage sets of data are shown on Tables I,
IT, 1II, IV and V in the Appendixs = | | |
' The lampecurrent phasé relati@nshvps are shown by the
;ﬁaveshapes that were recorded by making oseillograms. For
these data, the enewohm shunts were used as Jumper connections
and the voltage awop due to the current throuch them was used
to operate the osclllegraph galvancmetersa Tha oscillegfaph
was then adjusted for goou deilectlen and trace intensity. |

The film magazmne was loaded with Trle pan £1lm and installed
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Figure 6. The light-output waveshape of a
single, 15-watt lamp

Figure 7. The light-output waveshape of a
15-watt, two-lamp circuit



Figure 7. The light-output waveshape of a
15-watt, two-lamp circuit

Figure 8* The light-output waveshape of a
15-watt, three-lamp circuit
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Figure 9. The light-output weveshape of a
2C-watt, two-lamp circuit

Figure 10, The light-output weveshape of a
20-watt, three-lamp circuit
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in pegition en thg oseillograph, Several exposures were made
'with”different input voltages for eéch lamp eircuity Film |
Dmagazime speed of robation was adjusted so that a_éﬁﬁcyclé
‘wave would be 3.3 inches in length mn_the oselllogram.
2, ' Determination of the Relative-Lumen Output of the
Lampss . _

The lemp boards were mounted inside the ic@sehedron; with
standard meter eonhectiens outside the icoschedron., The Mac~
heth illuminometer was uged %o measure the relative-lumen out-
put‘of the variocus lamps in their réspective eireunits., Lumen
outputs ﬁmr various volbage ranges were obtained for 3 single
15-watt lamp, two parallel 15-watt lamps, three 15«watt lemps,
one in_seriesg two parallel-ZO@Watt‘lampé and three 20-watt
Jdampsg, éne in seriess Tables VE; VII, VIII, IX and X give
sample sets of datas . o

3. ODbtaining the Light=0Output-Deviation Waveshapes.

Qscillograms of the_lighﬁéau%put devistion of the fluor-
escent lamps were obtalined by usin54the‘photo-tubé_circuit and
amplifier. Calibratién of the oscillograph for deviation per
lumen output of the lamp was .effected by'ﬁeasuriﬁg the foot-
candles produeced at the phototube by a single_l§~Waﬁt lamp
~and hoting‘the deviation on the dscillagraph scalé@ ?igu@e
6 shows the deviation of the light output for a single, 15*

watt, white~lamp circulit, The three~lamp-circuit light
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waveshapes obtained are shown in Figures 8 and:iﬂﬁ- The wave~ ..

.. shapes ‘of ‘the light deviatien of twaéiamp circuiﬁg”are.shawn |

}:in Figures 7.and 9;  -A barrier cell :Iight neter and ‘a-meter

. stick were mse&.té maintain a:mean light-cuiput at the photO@
¢cell for egeh lamp .circuit,  The phobocell wag overloaded
with respect to dmecident light, but.such a procedure was

' pecessary to obtain éufficient1ga1vancmeter-deflection with
the available amplifi@a%i@né An oselllogram was’maée'showing
ﬁhe'inferférenaevprnduced,by'th@ lonization effect of the
:electromagnétie figlds of the lawp arﬁs4g and by the variae
on tEE‘pheﬁmtubem"Ihiﬁ'interferen@e-eaul@-naﬁ-be eliminated
with the egquipment availabley but 1¢ taken inte QEcouné when -

meaéuring the lamp, light~output waveshapesy

V7.
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0.3
LAMP CURRENT
o Leading Lamp
e Lagging Lamp
*» Line
LINE VOLTAGE
Figure 11. Lamp currents and line current in a 15-

watt, two-lamp circuit



ANQERES

AR OwggEN

0.6

0.5

Figure 12.

100

Lamp

23

%/

%/

/#

LAMP CURRENT
0 Leading Lamp

* Lagging

Lamp

X Series Lamp

LINE VOLTAGE

currents

in a 15-watt,
circuit

tnree-lamp



IN AMPERES

LAMP CURRENT

Figure 13*
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LAMP CURRENT
o0 Leading Lamp
« Logging Lamp
X Line

LINE VOLTAGE

Lamp currents and line current iIn a 20-
watt, two-lamp circuit
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LAMP CURRENT

o Leading Lamp

 Lagging Lamp

* Series Lamp

150

LINE VOLTAGE

Lamp currents

in a 20-watt,
circuit

three-lamp
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111 ANALYSIS OF DATA
I. Selection of Operating Voltages by Current Analysis.
The vector diagram in Figure 2 shews that the series
lamp, leading lamp and lagging lamp currents should all be
equal 1n magnitude. The production of harmonics due to the
arc characteristics of the lamps change the effective values
of the currents. The changes in current magnitudes with a

change in line voltage are shown in Figures 11, 12, 13 and 14.

Figure 15# Current oscillogram for a 15-watt,
three-lamp circuit

Examination of Figures 11 and 12 show that for 15-watt
lamps, the currents vary with the voltage in a similar manner.

The oscillogram in Figure 15 shows the three current wave-
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shapes of the three-lamp circuit. Earmonlc content Is high
and, therefore, the difference in current readings Is account-
ed for. The correct operating line voltage for the three-lamp,
15-watt circuit was selected as 160 volts. This selection was

made by the examination of Figures 11 and 12,

Figure 11 shows the current magnitudes for the convention-
al two-lamp circuit. The highest branch current is the leading
current with a magnitude of .345 amperes at a line voltage of

120 volts. Then from a line or series lamp current of .345

Figure 16. Current oscillogram for a 20-watt,
three-lamp circuit



LUMEN OUTPUT

RELATIVE

Figure 17«
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RELATIVE LUMENS
o Three Lamp Circuit
e Two Lamp Circuit

* Single Lamp Circuit

POWER [INPUT IN WATTS

Relative-lumen output as a function of
input power for 15-watt, lamp circuits
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it 150

RELATIVE LUMENS

oThree Lamp Circuit
*Two Lamp Circuit

POWER INPUT IN WATTS

Figure 18. Relative-lumen output as a function of
input power for 20-wPtt, lamp circuits
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amperes, in Figure 12, -the operational line voltage of 160
volts is determined, -

The 20«watt, threeslamp circuit, operating voltage was
determined by first examining Figure 13s The leading currenﬁ
has the largest magnitude of 4338 amperes &t a line voltage of
120 volts., The corresponding seriles lamp curremt in Figure 14
gives an Operating.voltage'of'153 volts at .338 amperes. A
line voltage of 153 volts reduces the leading and lagging
lamp lumen outputé,ﬁﬁhsidarablya Therefore, a eompwamise
was effected and the operating voltage of 170 volts was se-
lec¢tedy  The éef&es‘lamp-current ig inereased semewhat above
the shandarq value. for a 20-watt, fluorescent lamp, but the
_leadlnﬂ and lagging currents arve inereased alscy glving a bet~
ter balanced light output. Figure 16 shows the current waves
of the‘three«lampg QChﬁatt cireult at an operating woltage of
170 voltse | | | |

..2n Analysis ef BelatiVe Bfflclencyy

The effmciency of a flﬁorescenﬁ l&mp canﬂot be changed
texcept by redé51gna The ower~a11 efflclency of & fluoxeScent
lamp cirecuit can be changed censxderably by the &e51gn of uhe
clrcultﬂ The tbree~lamp circuzts 1mvest1 abed9 show an ine
| crease 1n effieiency whenAauxnjlery 1osses are 1nc1ud@d in the
rat10 of lumen ouxput to pewer 1npuﬁ@

The power 1nput of the stanaard3 15uwatt Lue«lamp clrcult
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operated at 120 volﬁs, 11ne voltageEl is 40 watts. The'pbwer
inppt of the L5wwattg ﬁhf@ﬂ«lamp experlmen%al eircuit at 160
vgltsgﬂline voltage,-ls 52,wattsa, “The increase of powar ﬂnput
with the addition ofifbo third lamp is 12 waﬁts; Figure 17
’shcws for the uwuulamp 01rcu1t with 4G‘wattsinputg a 1umen
“eoutput of 135 relmtlvamlumens@ The @f&l@l&ﬁﬂy is theﬂ,3 38
féiativeﬁlﬁmems per watt iﬂpﬁﬁa Slmllarlyg Flgure 17 shows
for the thréeQiamp cirgﬁit with 52 watts iﬂpﬂt% a lumen oube
put of 183 felativéelumen5¢ The calculated efficlency for the
tﬁreewlamp gireuit is 3,52 relative-lumens per watt, The rel~
ative efficienay incresse of the threewlamp cireult based on
‘the standard twoe«lamnp circuzt is 4 per cenbs

The powar inmput of the qtandard 2ouwatt9 two-lamp cireult
oﬁerﬁued at & line valtage of 120 volts is 47 9 wattsei The
pewer input of the 20<watt, thvee-lamp experimental civeuit
at 170 volts, eperatlng voltage, is 59»4 wabtsb The inerease
of power inpub w1th,the adstmonjmf the series, 20-watt 1amp
is 11.5 watts. Flgure 18 shows for %ha uwowlamp eivcult with
47,9 watts input, a Tumen output of 161 relat:ve limens. The
efficieney of the‘twoelamp cireuit is 3.36 relaﬁive»lumensiper
watt. Figure 18, shows for the_threémiamp eircuitiwith 59.4
watts input, a lumen cuﬁpu% of 256 relafiveﬁlmﬁens, The effi-
ciency of the threewiamp cireuit is . 31 rela%xve jumens per

watt of input power, A comparison of the 20wwatt lamp cireunits
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show an increase ip'relétive'éfficﬁency of 28'per‘céﬁt¢

3, Comparisons of Stroboscopic Effechs

The stroboscople effect'for‘thevtbrééa;amp cireulteis’
deternined by the method shown by Amick2q Aﬂi@kis ﬁethed is .
based upon the lightwoﬁtpnt waveshape of a single;'fluorescent
1&mp'ﬁith a sine current wave., Analysis of the threaalémp,
yvector dilagram in Figure 2 and the ﬁhreé»lamp~eircuité cﬁrren%
waveshapes of Figures 15 and 16 show thet if the eurreénts were
sispsoidol, the light-output waveshape of each lamp of a three-
lamp cireuit would have a phase differeﬂce of 60 degrees for
the‘entiréfcycle and would giﬁe equivélent three~phase light
output. Becauss af the similarity of the three-lamp circuit,
1ight wave phasitig with that of three lamps, ohe per phasa;:eﬂ
a three~phase supp1y9 the same devlation should be exp@cted?

Amiekg'gives théﬂthéorefical per ceﬂt of deviation for
daylight lamps on three»phase Operatlan as 5 per cent, By'
plotting ﬁhree, single, white~lamp 11ght«ontput waveshapesg
each-éﬂ:degrees apart and adding the ordinates, a three-phase
white-lamp deviation of 3 per cent was obbtained, This also
gave the three~phase mean as 329 units; with the single lafp
mean as 100 units, In a similar manner the two-lamp nean was
determined ag 220 units for white lamps,

The 1ightu0uﬁputwwave vscillogram for a 51ngleg 15 watt,

white lamp is shown in Figure 6, The total deflection is 19
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unitsp‘ The maXxmum deV1a%1mﬂ 155 tharefore, 945 units from
;%hé ﬁeanﬁ' Amick wlvev the per cent éeviatlen f@r whate 1amps
:as 35 per cantz o Ehe mean.output 1s 9 5 = ¢35 o 2? 2 uﬂltm
iabmve zero outputn The %heoretleal mean output for threeg
white lampq, one oneraﬁcd in eaeh phase af a thre@ phase
.sunplyg 15 329 unmts above ZeTo @utouh or 3 ;29 tlmes thie mean
| output of a single lamp, whnch is based on 100 unlts¢ Yulti-
plying 27+ 2 by ,&29 glves 89 5 units as  the mean output of
three lamps wnth the lamp liahiuwaveﬁ phasgsed 60 ﬁegrees apart‘
.-Flgure 8 showq the ‘deviation of 1luhtkqntput of the 15wwattg
_-three»lamp elrcultn The devnaﬁieﬂ meaﬂured from the Oselllom
_gram is 5 ﬁnité, Dzvidlng 5 by 89 5 resulis-in a percenomge
'of deviation of 6 per centq 4
Flgures 9 aﬁd 10 ave usea in‘determlnlng the stroba coﬁie

effect of the znﬁwattg Lhree»lamp Gi?culﬁa The . 1ﬂghy~0utput
;"waveshape of the Qoawattg two»lamp ci?cuit is us aa as the'

| ‘adllbratlng factora The &éV1ation of the Qewwattg two~lamp
,clrcult, lightnoutput wavesh&pe iq measured as 5 85 ﬂnltué
Amlek glves the ow@apdrallel»lamp clreuit utrobasceplc gffect
88 16 per Cenunl ﬂlVlGlﬁg 5¢85 by alé gives a mean output of
’36 5 units, The ratia of the two~lamp mean Gutput 6 the
31ngle 1amp mean output for whxte 1amﬁs is 2. EO, Thereforea
| fhe three~1amp m@an outpuu is J?29/2 PO x 36 5 or 54, 7 units

ab@verthe base. ihe ﬂeviatlans measured on the oeelllmgram of
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the 20-watt, three-lamp cirenit, 1ight~output %avgshape is
6525 units. The'strobcscoplc effeet ig 64 25 5457 or 11
1‘@@? cent s " ' L
" 4, Detevnination of the Distortion Fectors

An analysis-of-fhe'lﬁ#Waﬁtg threeslamp circuit line.
current by.the-graphi@a$ ?euxierbmethod prsviéed the neeessamy
data for the determimation of the distortion féatar@ The. .
‘shalysis showed that the third harmonie current was 3:0 per.
cent, the fifth, 6.5 per cent and the seventh, 3.7 per cent
of the fundamental, The-total effective harmonic velue was
.detefmined by subtfaeﬁimg the fundamental ordinates from the
tobal wave, and finding the ?ect-mear» square value of the hare
monic domponents.remainingu The effectivel@r e value of the
total ﬁave-was 12a7§. The.éffeéfiVe value of the'harmohiesiwag
3@00 This gives a distortion factor of 0,24 for the operating
corditicns useds- | “'_ i .

The Eomwatt# three«lamp dlst@rtian fa@tor of the iine o¥
series tube current was deﬁermlned in a manmar; slmllar to
that af the 15~watt9 thres-lamp, line current gistortion .
factor. The distortion faetor of the 20-wabt, three-lampwcir-
culit, seriés-lamp current was 0,16, Both digtortion factors
computed are less than 0425, ' \ _:

The total harmenic contont of the line current of a two=

lamp eireult is 20 per cent of th@‘f&ndamentalug ‘?he
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maghi@uﬂes of the harmonics in per ecent of the . fundamental
‘of a twoélamp-line current are és'follémse_ third, é? ﬁer.
:centg ii-fths 135 per ‘eem’c; se{ren’ch.;‘ 0;8 pér Ace;ﬂt;aand hinth,

0,3 per centb;
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. IV . -CONCLUSTONS

The following conclusions may ‘he drawn concerning the

electrieul ana llwht ‘ottput eharacterlstlcs 01 the 15«wath

3

4,

5

and QOuwattg three-~lamp clrcuitss
| Ly

The effective values of the;eurrents ére approxs
imately the same for the.eX§eTim8ntal-ﬁhTGEwiaﬁp
eireuits as the corrésp0ﬁéing twoblamp gimcuits@_’
The relative effieciencies, as measﬁred-by relative~
lumens per watt, are increased over the correwpondw
ing relative effieiencies ef the two-lamp circuits;'

The strobsc@ple efzeet of the three-lamp clrouiﬁs

closely approaches the three~phase stroboscop¢c

effect and is also eomparable to that of incand«
escent lampsu

The disﬁornlon faetors ef ﬁhe threewlamp circults

are 1esq tnan the 0. 25 speclflem as denotzng

 maximum harmonic eontenﬁ allmwablea

The operatlng veltage necessary for a zhree»lamp

eircuit is 40 to 50 per cent greater LhanAthe _

nermal supply voltage of 118 VQltSn This aiffin

culﬁy may be overcome by the use of a eomblnation
ballast and autaatraﬂstfmera

The thlrd harmonlc magnltude ?s redueed by 80 tc‘

90 per cent but the hlgh&f harmanie magnitudes are
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inereased. The decrease in the third harmonie overs

1

balaneeé‘theeiﬂeréase in,higher.harmoﬂiesQ.~Thi$-im»
proves the power factors - o .

The phase relationships of thé'lamp currents and
consequently the 1ight outputs eould be.improved

by & redegign af the Pballasts to compensate for

+the inereased harmﬁnie content of the branch -

eurrents caused by the series lamps
The three~lamp ecireuits analyzed were started

successfully with PS+~2 glow-type autematic starters -

', a2t the selegted eperatjng 1ine voltagega_ The time

delay was five to ten seconds compayed to four

seconds or less for the tWO*lamp cireultse
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TABLE I

Elec¢trical Characteristies of a 15«Watt, Single-Lamp Cirecuit

Line V
{volts)

150
145
140
135
130
125
120
115
110
105

(watts)
40,4
3446
3140
27 ¢4
24,6

218
20,0
1850
1645
1458

. Input Power

Line I
(amperes)

4393

4350
295 -

4250
§193

+179

%170
6160
5153

Lémp- v
(volts)

69
68
67
66
65
67
66
67
67
67 -
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TABLE TI
Electrical Characteristics Qf-a 15-Watt, Two-Lamp Cirecuit _
Line V Input Power Line I iééding Lagging Leading Lagging =

{volts) (watts) (amperes) Tamp I Lemp I Lamp V lLamp V¥
‘ (amperes)(amperes) (volts) (volts)

C150 . 65,5 L5401 415 .655 56 50
145 1 58,9 ,183 402 ,580 56 ¢ 51
140 f 54,5 443 4392 510 57 52
135 50.1 .404 380 ,422 56 52
130 46,1 .380 4370 2378 56 54
125 42,7 4363 4356 .338 57 55
120 40,0 .351 © .346 308 57 57
115 37.5  .342 .332 .276 57 57
110 34,9 .333  .319 248 58 59
105 32.5 ;325 0 304 0221 58 61
100 30,1 7 o316 ,287 «197 59 62

. 95 277 2303 s 270 « 172 60 63
a0 2541 2293 .256 s150 61 65
85 22,1 .275  .239 120 62 67

80 _ hidadendond o245 6218 .,090 62 \69
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TABLE TII
Blectrical Characteristies of a 15-Watt, Three-Lamp Gircuit

‘Line V¥ Input Line I Leading Lagging Leading lagging Series
(volts) Power (amps) Lamp I Tamp I Temp V Temp V ZIamp V

(watts) (amps) (amps) (volts) (volts) (volts) .

" 190 82,506 ..392 595 57 51 52
1185 . 73.2 445,377 . 4505 57 - 53 .. 54
180 67.4 403,363 L4157 B4 55
CATS 62,07 ,373 ..350  .360 56 55 55
170 58,4 .360 .,338 325 57 56 56
165 55,0 345 ..324 4298 57 57 57

160 52,0 336 <310 .270 .57 58 57
155 49,6 .330 4297  .245 58 60 58
150 46,4 .320 © .,280  ,219 59 62 59
145 0 43.8 311,266,198 59 63 59
140 4100 4301 253 L7161 . 65 61
135 38.6 .293 243 15 61 67 61.
130 35.8 .285 .,239  .125 62 69 62
125 33,6 .279 .238  .109 . 62 72 62

120 .3l¢2-"¢270 w243 090 62 77 62
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| TABLE IV
Electrical Ghafactéristiés of ‘a 20-Watty Two-Lemp Circuit
Linée V Input Power Line I -Leading Lagging Leading Lagging

(volts)  (watts) (amperes) Lamp I  Lamp I Lamp V ZLaup V
' (amperes)(amperes) (volts) (volts)

150 74,3 558 415 .625 64 58
145 69:9 .520 - 4403 «565 - 62 58
lao 62,1 486 +389 500 63 61
135 | 58.9 463 2378 - .429 62 . 62
. 130 55.1. A4S 2363 »393 62 - 62
125 51,1 .428 4349 ,356 63 63
120 . 479 412 336 2330 63 63
115 44,5 +399 0321 300 64 66
110 41,1 5384 4305 .273 64 66
105 37.9 ;369 +288 242 66 67
100 33,9 L350 ,270 212 67 68
95 30,1 2328 251 175 | 68 70
90 26,5 4300 4231 .140 67 71

85 21,5 » 260 o211 + 100 68 74
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TABLE V
Electrical Gharaeteristics of a 20~Watt, Three-Lamp Cirenlt

Line V Input ILine I Leading Lagging leading Lagging Series
(volts) Power (amps) Lamp I ZLamp I Lamp V ILamp V Lanp V

(watts) (amps) (amps). (velts) (volits) (velts):
195 84,4 - 450 ,343  ,390 . 64 65 73
190 78.4  .430  ,330 361 64 67 3
185 73.8 .415 .313 .37 64 . 68 . 74
180 68.4 396 - .293  .288 65 68 76
175 64,0  .380 .280 .254 66 71 78
170 5944 363 4268 219  wé7 73 81
165 55.4  .350 .260 186 67 74 Bl
160 51.2 L339 .255 .150 66 76 - 82
155 47,0 .320 (254 118 67 78 83
150  43.0 304 258,090 65 82 85
1
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‘TABLE VI

#

RelatlvawLumen.Gutpnt and Power Fac¢tor of a: ?EAWatt$ =
- Single»Lamp Circuit

Belative»
Lumen per

AfﬁelatiVep
" Lumen

Output
972
9543
85,6
8144
80,1
7645
773
75,8

65,7

5943

- 54,7

4659
32.6
3448
25,2

-P@wer
Input

 (watts)
40.4

3446
31,0
27 .4

24;6'
21,8

20§O
18,0

16,5

1448
13«0
114
9.4
77
50

Watt
aﬁﬁ

2:75 -

| 2,76
2,97
| i_é#?é
3,51
3,86

| 4¢21
3,98
:Ahoo
.
44521
347
4,52

5404

Line V
(volts)

150

145
140
135
130
125

120

115
110

105

1060

93

90
85
go

(smperes)
pree
36

.31

'v265
4221
2194
2179
,166
L158
,151
.149
+ 148
,152
,140
qi4@

Power

Faetor

+653

663

"§?14
¥766
+857

ﬁ899'

1943
+949
4934
873
810
1686
647
+446
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TABIE VII

Relative~Inmen Oubtput and Power Fadéter of a 15-Watt, -
Two-Lamp Cireuit

LHél&tiVﬁ# . Power Relatives Line V. Line I | Powef
“Lumen Input Lumen Per {volts) (amperes)  Factor
Output - (watts) Watt ' .
19743 655 24 150 .54 - .809
1515 58,9 2,57 145 483 832
14848 5445 2,73 140 SA43 +879
1462 50,1 2492 135 AO4 917
1435 4641 311 130 +380 4933
“13841 42,7 3024 125 4363 942
13551 400 3438 - 120 351 4950
1310 3745 3449 115 +342 +953
120,40 3449 3444 110 0333 953
109,0 32,5 £ 35 o 1oy 325 «953
104.8 30,1 3448 100 316 .953
994 2747 3458 95 4303 963
89,7 2541 3457 - 90 4293 951




48
TABLE VIII

Relati#emLumen Butput'and Power Factor of a 15-Watt,
Three~Lamp Circuit

"Relative= Power Relative~ Line V  Line ¥. Power ‘
 §§%§§ﬁ : (é?%%ﬁ) | Luéggﬁper (volts) amperes Facﬁor
29,0 82,0 2479 - 190 2506 : 854
229,0 732 3613 185 . 2445 890
215,0 67,4 3,19 180 403 929
210,0 62,0 3539 175 +373 s950
196,0 5854 3438 170 «360 953
L1931 55,0  3.52 165,345 967
1739 520 335 260,336,968
171,0 4946 345 155 4330 970
168,2 4644 3462 150 4320 4967
160,06 43,8 3,65 185 311 972
151,9 4140 3.71 - 140 6301 . 974
147,6 38,6 3,83 135 293 975
135.0 5.8 3.77 130 .285 967

1255 33,6 3,74 195 279 964
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. TABLE IX

RelatlveuLLmen Output and Power Factor of a 20- Watt,
Two=Lamp Circuit

Relative=
. Limen
- Dutput
1196
wlSZ‘“
174
168
fiﬁa
146
144
133

Power
(natie)

6241
58,9
5541
5Ll
4749
44,5
41,1
37.9
13349

Relative~
Lumen per
Watt

3,16

3.14

Line V

140
135
130
125
120
115
110
105
100

Line I

(volts) (amperes)

«486
4463
445
2428
w412
4399
<384
14369
»350

Poweryr
Factor
2913 .
<941
2952
+955
4970
=970
4973
«979
- «969
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Ve BABLE X

ﬂclatlvcmnuman Cutput and Power Factor of & Eaﬁwatts
Thyoewlanp Giwauiﬁ

Ral& Avaes
Jamen

C o Dwdpat
e

280

Powey
Toput

{watbs)
738
68,4

© 64,0

B -

55 o
51.2
A7 o0
43,0
39,2

Redatives ‘Line ¥ Line I Péﬁé%?
Yumen per  (volls) (smperss). Fasbow

Watt

352
%310

.'4mi?'

4y 31
4453

4,59

4,50
4570
4s7%

185 L4185 962
180 4396 +960
175 +380 2963
170 363 .963
165 #350 «FE0
166 4335 2956
155,320 948
150 . 304 J9h4
165 4285 .95
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