
(3) possibility of transmitting two 
high-quality sound channels (or several 
of lesser quality); 

(4) one transmission link for picture 
and sound; 

(5) considerable reduction of trans- 
mitter power, particularly in the case of 
satellite systems; and 

(6) applicability to PAL, NTSC and 
SECAM color television systems by 
slight modifications. 

In  view of the theoretical and practical 
experience gained with integrated sound 
transmission systems, the use of the 
chosen method on transmission links 
appears to be possible in the very near 
future because no change of the equip- 
ment or the television standard will be 
required. A modification of the standard 
will be necessary when the method is 
extended to television systems including 
the home receiver. This would require a 
longer period with interim solutions for 
the simultaneous reception of integrated 
and nonintegrated sound signals. 
Discussion 

Robnt J. Butler (NBC 77’): I very much am in 
favor of integrating sound with the television 

picture. However, I question the quality when 
taking only two samples of the highest frequency 
of interest. Our studies indicate that the quality 
of signals that you can achieve by taking only 
two samples of the highest frequency would be 
objectionable. How docs your experience bear 
on this? 

Mr.  Macgclc: As outlined in the paper we have 
tested the system in the first method described 
and the results were very good. I must say that 
all the requirements were fulfilled in all respects 
on quality. 

Mr.  Bufln: Were these subjective measure- 
ments that you made? 

Mr. Muegclc: These were objective measure- 
ments, some of them being automatic measure- 
ments. 

M i .  Butler: Did you get any figure on distor- 
tion of signals as a result of low sampling rate? 

M r .  Macgclc: Yes I have some graphs with me 
which I can show you afterwards if you like. 
All the results were within the limits. 

Charles W .  Rhodes (Tckfronix, Inc.): Would you 
comment on the rise time of these pulscs and the 
energy outside of the video bandpass generated 
by these rather fast narrow pulses used? Have 
you tested the applicability over satellite chan- 
nels with this bandwidth strictly limitcd? 

Also, what is the means provided for field 
sync in the system so that no field frequency 
interruption in audio information arises? 

M r .  Mucgclc: Yes, this is a real problem and we 
have noticed on tests via satellite link that we 
must somewhat reduce the amplitudes of the 
pulses; otherwise too much energy is lost out- 

side the video bandwidth. The second problem 
is solved by inserting three additional pulses in 
the vertical blanking. 

Andrew Kufluk (Ryerson Inrlilule): In  view of the 
fairly high level white going signals during the 
tail end of the vertical blanking, have you noticed 
any effect on the monitor or the receiver screen 
towards the left of the screen in the form of 
vertical bar pattern during retrace? I am think- 
ing that the blanking period isn’t always black 
and it does vary between white and black during 
the encoded time. Thereforc, there is the pos- 
sibility during the retrace time that the pattern 
will show as or at  least the coding will show as a 
vertical pattern of stripes towards the lefthand 
of the screen as you look at  the monitor or to the 
receiver. Has that been a factor or noticeable? 

Mr. Ma&: Yes, this is a problem of clamping 
circuits. You must always have the same refer- 
ence level in order to have a good relation be- 
tween black and white. This is a problem of 
restoration of the standard blanking by clamping. 

James D. Kirk& ( Wcsfmn Michigan Unioersity) : 
My impression of what you are proposing is 
that for use on a network system once the pro- 
gram is received by a cable system or a local 
television station this blanking area would be 
restored to its normal state and the pictures seen 
on a home recciver would no longer contain 
this information. Therefore, this encoded in- 
formation would not be a problem if you had 
poor blanking in the receiver. I t  wouldn’t show 
on the retrace, would it? 

Mr.  Macgelc: That is right. 

The Development and Application of Metal Halide Lamps 
for Color Filming and Television By ROBIN C .  ALDWORTH 

The development of high-pressure discharge lamps over the years has been aimed 
at improving color rendering, efficiency and life. The compact-source iodide 
(CSI) lamp was initially developed in 400-W and 1,000-W ratings for projector ap- 
plications, but it was the new demands of outside broadcast color television in 1969 
that led to the introduction of this lamp housed in a PAR-64 sealed-beam globe for 

terms of eficiency-the amount of light 
they produce per watt of energy con- 
sumed. Plain mercury lamps operate a t  
50 Im/W with lives in excess of 7,000 h, 
but they are relatively large, low bright- 

flbodlighting sports stadia from high corner towers. Sports areas with sidelighting 
were not so well suited to the use of the symmetrical beam CSI floodlights, so an- 
other metal halide lamp wag introduced - this one with an unjacketed linear arc 
tube - in 750-W and 1,600-W ratings. For filming, the 1-kW lamp performs ex- 
ceptionally well as a fill-in source with daylight. At 90 lm/W, it is five to six times 
more efficient than tungsten-halogen lamps used with blue filters to correct the 
daylight; four lamps are approximately equivalent to a 225-A brute arc. Control 
gear is being made simpler and more versatile, and the problem of “beat,” which 
is already controllable in filming situations, is expected to be overcome com- 
pletely with techniques now being developed. 

Filament Lamp Development a problem because the spectral energy 

Light source development over the 
years has had three main objectives - to 
improve efIiciency, life and color render- 
ing. For lighting units which are to 
provide a controlled beam, compact 
high-brightness sources are also neces- 
sary. Beyond pure lighting requirements, 
lamps also need to be robust, simple to 
replace and, of course, economical. I t  
is evident that all these aims have in- 
fluenced the development of filament 
lamps over the years. The color rendering 
of these lamps for filming has never been 
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distribution is continuous; the film manu- 
facturers were able to produce film stock 
to match it, but the early lamps were 
certainly neither robust nor compact. 
Over the years the introduction of single 
coil, coiled coil, bunched and low voltage 
filaments all added significant improve- 
ments, and recently the tungsten-halogen 
lamp in linear and compact forms has 
brought dramatic improvements in ef- 
ficiency, lumen maintenance and life. 
The 10-kW studio lamp, giving 28 to 34 
lm/W, with lives of 400 to 150 hours at 
around 3200 K, represents the culmina- 
tion of 100 years of filament lamp de- 
velopmen t, 

Discharge Lamp Development 

Most discharge lamps, on the other 
hand, start with a distinct advantage in 

ness sources and their color rendering is 
poor. Compact versions of mercury lamps 
have also been developed giving similar 
efficiencies, but attempts to improve 
color rendering by increasing current 
loading and adding substances such as 
cadmium and zinc to the arc tube filling 
have been of limited success. 

Xenon lamps, in the familiar double- 
ended construction, can provide a very 
compact source which aids optical 
design and the color quality is very good. 
Lives of 1,000 h are common, but the 
efliciency is lower (30-35 lm/W and the 
lamp is expensive to make, fragile in 
operation and complicated to mount in 
lighting units. All of these lamps have 
found applications in specialized fields, 
but their various shortcomings have 
prevented their general acceptance in the 
spheres of film and television. 

Compared with filament lamps, all 
discharge lamps have the disadvantage of 
requiring control gear. Nevertheless the 
film and television industries have from 
the beginning accepted grids and dc 
generators to run their carbon arcs, SO 

a few items of control gear may not be 
regarded as an impossible burden if there 
are sufficient other benefits. Such benefits 
are now recognized as a practical 
possibility. 
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Metal Halide Lamp Development 

The principle of adding metal halides 
(particularly metal iodides) to a mercury 
arc  discharge to improve the color 
rendering has been well known for many 
years. Lamps using small a rc  tubes with 
high current density were found to 
provide improved color rendering from a 
very compact and bright source. Further- 
more, they maintained their brightness 
exceptionally well because the iodide 
cycle (by now a familiar feature of tung- 
sten-halogen lamps) operates to clean 
up  a n  arc  tube which ordinarily would 
become blackened by tungsten evaporat- 
ing from the electrodes. 

‘The use of metal halide additives 
(there are  approximately 40 to choose 
from) was obviously a n  attractive propo- 
sition, but first it was nccessary to find 
the correct mixture of additives to give 
high eficiency with acceptable color 
rendcring and good lumen maintenance 
throughout the life of the lamp. The  
possible combinations of 40 substances in 
different proportions a re  virtually in- 
finite, and each substance has its own 
peculiar characteristics Iodides of so- 
dium, thallium and gallium, for example, 
produce discrete lines in the yellow, 
green and blue regions of the spectrum 
respectively, while the iodides of dyspro- 
sium, scandium and thorium produce a 
forest of lines throughout most of the 
visible spcctrum. At the high loadings 
in compact source lamps, the discrete 
lines produced by the first group of 
iodides are  reversed and throw out a 
continuum on both sides, which can im- 
prove the color quality. Under the same 
conditions, the dysprosium arc  is con- 
stricted and tends to be unstable. The  
choice of additives also affects the lamp’s 
electrical characteristic and the decay 
time of the ernitted light over each half 
cycle of the supply. The  importance of 
light decay time will be discussed later. 
When a combination is found which gives 
the correct spectral balance and the 
nccessary electrical characteristics, the 
stability and lumen maintenance over 
the lamp’s lifetime must still be checked 
- a time-consuming operation for which 
there arc  no shortcuts. 

The compact-source-iodide (CSJ) 
lamp, using a filling of sodium, thallium 
and gallium, was initially dcveloped in a 
400-W and later in a 1,000-W rating for 
projector, television and theater spot- 
light applications. An entirely new type 
of lamp construction was adopted which 
was a complete departure from the 
established compact discharge source 
with its double-ended construction. Fig- 
ure 1 shows a 1,000-W CSI lamp, com- 
pared with the 1,000-W ME/D compact 
mercury lamp using the carlier construc- 
tion methods. Due to the small volume 
of the a rc  tube, the discharge in the CSI 
lamp is “wall stabilized” rather than 
“electrode stabilized,” as in the case of 

n 

Fig. 1. Relative sizes of two 1,000-W com- 
pact source lamps. On the left is the bare 
CSI lamp with a pinch seal locating the 
two electrodes. Its medium bi-post 6 .22  
base makes lamp mounting and replace- 
ment a simple matter compared with the 
compact mercury ME/D lamp, on the 
right, with the conventional double- 
ended construction. 

the double-ended lamps and carbon arcs. 
This reduces the possibility of arc  
“wander” and permits a steadier burning 
arc  light source. 

The  CSI lamps operate a t  90 lm/W 
with excellent color rendering and have 
lives of 500 h for the 400-W size and 200 
h for the 1,000-W size. The relatively 
short life of these lamps is primarily a 
consequence of the high operating tcm- 
peratures in free air, which leads first to 
oxidation of the molybdenum foil used 
in  the quartz pinch seal and ultimately to 
breakdown of the seal. 

The  next step in the development of 
this lamp came from the demands of a 
new lighting application which were 
certainly not foresren in the early de- 
velopment stages. 
Stadium Floodlighting for Color 
Television 

Color television service was introduced 
in the UK in 1969. This soon involved a 
large outside broadcast commitment of 
sports coverage, and a large part of this 
was coverage of Association football 
(called “soccer” in the US) and Rugby 
football. Many of the games were mid- 
week matches played after dark or 
Saturday afternoon matches which, in 
the winter months required the use of 
floodlighting. Football field floodlighting 
had gained in popularity since the first 
installations in 1949, so that 20 years 
later all major clubs had installations - 
most often four 100-12O-ft (31-37-m) 
towers positioned a t  the corncrs of the 

pitch (playing field). ’These usually 
provided a n  average horizontal illumina- 
tion of 10 fc (108 hn/n?). The first 
estimates given by the color television 
engineers were that their cameras would 
require a t  least 100 fc (1080 lm/m2) to 
cover the events in color. 

Early market research revealed that 
most of the clubs which were prepared to 
consider upgrading their installations to 
permit color television coverage would 
accept a moderate increase in power con- 
sumption, but they were reluctant to 
purchase new heavy duty towers. T h e  
existing tower structures represented a 
large par t  of their original capital invest- 
ment, and although the original flood- 
lights were approaching the end of their 
useful life, the towers could be expected 
to be serviceable for another 20 years or  
more. Thus there was the fixed constraint 
of the amount of floodlighting equipment 
these towers would support and this 
depended on the front surface, or 
windage area, of the floodlights. 

The overrun 1,500-W filament lamp 
floodlights used on most of the existing 
installations represented a windage load 
of 0.2 in2 (2.15 ft’) per kilowatt. Metal 
halide discharge lamps were four to five 
times more efficient than thc overrun 
filament lamps which meant that the 
remainder of the ten-fold increase in 
horizontal illumination required for 
color television had to be achieved by 
using a greater number of I-kW pro- 
jectors with a maximum windage area ol 
0.075 m2 (0.8 ft2- about 1 ft in diameter) 
if the safe windage load of the towers was 
not to be exceeded. 

The CSI lamp was recognized as a 
natural choice to achievc the necessary 
beam control with reasonable system 
efliciency and control of glare for players, 
spectators and cameras. It was a very 
compact light source with a color quality 
suitable for color television, and it was 
already being used in follow spots and 
other projectors in television studios. 
However, the practical problems of 
designing a weatherproof floodlight of 
such small size in which the reflector 
maintained a reasonable eficiency over a 
10 to 15 ycar life were considerable. 
There was also the question of lamp life: 
200 h (the life achieved by the overrun 
filament lamps used in existing installa- 
tions) represents about two seasons of 
floodlit football. Would the clubs accept 
a ten-fold increase in lamp replacement 
costs every two years on top of the capital 
cost of the upgraded installation? 

Sealed-Beam Compact Source 
Iodide Lamp 

‘The solution to all of these problems 
came in thc idea of mounting the 
1,000-W CSI “bubble” in a PAR-64 
sealed-beam outer globe (Fig. 2) which 
could be filled with a n  inert gas to 
protect the quartz seal and the reflector. 
By this means, the optical performance of 
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Fig. 4. The floodlight specially designed 
for the 1,600-W bare arc tube linear 
metal halide lamp (MBIL/H) provides 
both the necessary light control and the 
correct thermal 'environment to ensure 
the effective operation of the lamp. The 
internal reflector baffle, seen just above 
the lampholder position, provides a 
sharp runback above the peak beam in- 
tensity to reduce glare to spectators and 
lens flare to cameras. 

Fig. 2 Sectional view through a PAR-64 
sealed-beam outer globe, showing the 
CSI arc tube accurately mounted at the 
focus of the reflector during manufac- 
ture to ensure consistent and highly ef- 
ficient light control. The inert gas filling 
of the PAR globe increases the life of the 
arc tube and prevents deterioration of 
the reflector finish throughout life. 

the floodlight was maintaincd throughout 
the life of the lamp, thc complete 8-in 
diameter reflector system being renewed 
at  lamp replaccmcnt, with the average 
life increased to a nominal objective 
1,000 h. There is a rcasonable expecta- 
tion that future developments will in- 
crease the lamp life to 2,000-3,000 h. 
By accurately placing the arc tube a1 
the focus of the sealed-beam reflector, an 
initial peak beam candle power of 1.5 x 
lo8 cd is achievcd with a beam of 6' to 
one-half peak and 18' to one-tenth peak. 
This produces a beain factor of 0.43 com- 
pared with a typical value of 0.3 for 
floodlight reflectors with conventional 
jacketed metal halide lamps. By using 
the range of four standard PAR-64 front 
glass lenses in conjunction with the clear 
front glass on the lamp it is a simple 
matter to achieve wider beam angles - 
up to 68' at  half peak and 100' at tenth 
peak (see Tablc I). By using a standard 
G.38 Mogul bipost cap on thc lamp it is 
a simple operation to re-lamp the lighting 
unit. The lamp is cxtremely robust, and 
the quartz arc tube is not handled by the 
maintenance staff. 

In the context of stadium floodlighting 
for color television, a 1-kW lamp rating 
seems rather low, and so it is, but higher 
ratings would rule out the use of standard 
PAR scaled-beam outer glasses, with all 
the benefits of long life, light control and 
lumen maintenance that this brings. In 
a practical stadium lighting installation, 
i t  is rarely necessary to have morc than 
24 separately aimed projectors on each 
tower in ordcr to achieve the requircd 
uniformity of illumination. For this 

Fig. 3. Four 1-kW floodlights mounted on 
a cast aluminum bracket which makes 
the four beams accurately parallel. The 
group is then adjusted in elevation by 
pivoting on the bolt near the base of the 
bracket. The same bracket can be used 
to achieve two or three lamp groups, if 
required. 

reason the 1-kW floodlights are mounted 
in four-way groups (Fig. 3) with all the 
beams parallel to achieve what is, in 
effect, a 4-kW floodlight. A side benefit 
of this arrangement is that it is possible 
to separately switch the lamps in each 
group so that the floodlighting system can 
be used at reduced illumination without 
losing uniformity of coverage. 

The flexibility of this system makes it 
possible for the 1 -kW CSI sealed-beam 
floodlight to meet all color television and 
filming requirements, as it does in the 
Olympic-standard stadium and Vello- 
drome complex at Aryamehr in Teheran 
using a total of 1,600 lamps. At the other 
end of the scale, small sports organiza- 
tions can achieve 20 fc (21 5 Im/m2) using 
as few as 50 lamps on inexpensive light- 
duty masts. Installations in Canada 
include the Varsity Arena in Toronto 
where Global Communications, Ltd. 
provides television coverage of the 
Toronto Maple Leaf hockey games. 
Linear Metal Halide Lamps 

Before moving on to the filming appli- 
cations of the CSI lamp in both its bare 
arc tube and sealed beam versions, it is 
worth mentioning a parallel metal halide 
lamp development carricd out at  the 
same time, which is also widely used to 
floodlight large sports areas for color 
television outside broadcasts. The linear 
metal halide lamp (MBIL/H), unlike 
most conventional discharge lamps, con- 
sists of a bare tubular arc tube without 
the outer glass jacket which ordinarily 
serves to maintain a uniform temperature 
around the discharge tube and thus to 
ensure stable operation of the arc. The 
principle of the bare arc tube lamp on 
the other hand is such that it should 
operate in a specially designed floodlight 
which not only provides the required 

light control but also maintains the cor- 
rect thermal environment for the lamp 
(Fig. 4). By dispensing with the large 
outer glass jacket, short focal length 
reflector systems can be designed around 
the lamp to achieve much smaller flood- 
lights than those designed to house con- 
ventional jacketed lamps. 

The lamp was first produced in the 
750-W rating with a life of 5,000 h for 
general area floodlighting and street 
lighting applications. The first installa- 
tion was in the famous Princes Street in 
Edinburgh. A 1,600-W rating followed, 
and the color quality achieved by the use 
of sodium and scandium filling, although 
not as good as the CSI lamp, was found 
to be entirely satisfactory for color 
television lighting. 

Although the majority of sports stadia 
in the UK use the four corner tower 
system, a sizeable minority have adopted 
side lighting systems. Side lighting has 
been increasing in popularity as more 
clubs built covered stands on all four 
sides of the stadium; the roofs usually 
cast shadows onto the playing field if 
corner towers are used. There is also an 
important economic advantage for side 
lighting in that it produces the same 
illumination towards the camera for 
about half the electrical load of the tower 
system. The primary disadvantage is that 
of increased risk of glare to players and 
spectators and lens flarc to cameras along 
the sidelines. 

Careful optical design of the flood- 
lights, using the 1,600-W linear lamp has 
resulted in a unit with a windage area of 
approximately 1 f t 2  (0.09 mz) that 
produces a peak intensity of 250,000 cd 
with a sharp run back to one-tenth peak 
in 10' above the pedk (to reduce glare 
and lens flare) and 60' below the peak. 
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In  the horizontal plane the beam spread 
is 100". 

This lighting system is suited to large 
and small installations alike; 16 units 
will light a soccer field to 15 fc (161 
lm/m2) in the horizontal plane while 
over 200 units are used at  Wembley 
Stadium to provide 100 fc (1,080 lm/m2) 
towards the camera and 140 fc (1,510 
lm/m2) in the horizontal plane. Like 
compact-source-iodide systems, linear 
metal halide lamp installations have 
proved very satisfactory both for elec- 
tronic and film cameras, even in the 
difIicult transition period when events 
start in daylight and finish with the 
floodlighting as the sole source of 
illumination. 

CSI Lamps for Filming 

Both lamps are now firmly established 
over a wide range of sports lighting 
applications, but it is the 1-kW CSI 
lamp, available in both bare lamp and 
PAR-64 versions, that has aroused 
particular interest for location and studio 
filming. The luminous eficiency is five 
to six times grrater than a tungsten lamp 
used with a blue filter to correct to day- 
light, and a group of four lamps is ap- 
proximately equivalent to a 225-A 
carbon arc (Table I) .  

The sealcd beam version can be used 
in banks or arrays of two, four and six 
lamps about the way that tungstcn- 
halogen PAR globes arc used at  present. 
A number of units specially designed for 
film and television applications are now 
becoming availablc. A range of spreader 
glasses permits various beam widths to 
bc selected. 

Whcrc the beam angle must be 
changed smoothly thc bare arc tube in 
conventional soft edged lanterns can be 
used. Both lamp types are of rugged con- 
struction and permit easy mounting and 
lamp replacement, and both run up 
rapidly to full light output in less than 
one minute. 

Color Quality 

Figurc 5 shows the spcctral energy 
distribution of the CSI lamp compared 
with that of tungstcn filament lamps at 
3200 K, carbon arcs at  6000 K and 
natural daylight at  6500 K. The color 
appearance of the CSI lamp is that of a 
warm phase of daylight, and the CIE 
color rendering index is 80 when com- 
pared with a reference source of 5500 K 
(photographic daylight). This has bcen 
choecn as the most appropriate reference 
within the CIE system for filming appli- 
cations. Although the correlated color 
temperaturr of the lamp is approximately 
4000 K, color tenipcrature meter rcad- 
ings can rangc from 3500 K to 6000 K. 
(Strictly speaking, the concept of color 
teniperaturr should bc applied only to a 
continuous-spectrum sourcc and not to 
thc spectrum of lines and bands that 

Carbm arc 

Tuwler 

Fig. 5. Spectral energy distribution of the 1-kW CSI lamp 
compared with that of a tungsten filament lamp at 3200 K, a 
carbon arc at 6000 K and daylight at 6500 K. The large peaks 
cause such a departure from a blackbody curve that the con- 
cept of color temperature does not apply, even though good 
color rendering is possible. 
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makc up the output of a discharge 
source.) Values of color temperature are 
quite meaningless as a guide to the color 
quality achieved on different film stocks 
or the selection of correction filters when 
using metal halide lamps and should 
therefore be disregarded. 

When in doubt, a test film is advisable, 
but the following series of independent 
tests can be used as a guide. Tests using 
Type EF7242 film have given good 
results using an 85B filter on the camera, 
while Type 7254 film using an 85 filter 
on the camera showcd that the lamp, with 
a quarter blue filter, can be mixed with 
daylight blue filtered filament lamps or 
carbon arcs with a WF green filter. 
Other tests using Types EF7242, 7252 
and 7254 film have shown that the lamps 
performed exceptionally well as a fill-in 
source with daylight. In  actual filming 
most cameramen use the lamp directly 
without filters. Sometimes a quarter blue 
or even a half blue is used, depending on 
the particular cameraman and the effect 
required. Either a full or half C T  orange 
has been used to match filament lighting. 

Control Gear 

The control gear for thesc lamps can 

take a number of forms. The design 
depends upon the relative importance of 
cost, weight and size for different appli- 
cations, but basically the gear consists of 
a current-limiting ballast which can be 
housed a considerable distance from the 
lamps, plus a high-frequency 9-kV 
ignitor which is most conveniently 
mounted within the lamp housing. 
Power factor correction, although not 
essential for the operation of the lamp, is 
strongly recommended where portable 
generators are used, because a large 
lagging powcr factor can upset the opera- 
tion of voltage control devices. 

Hot Restrike Circuits 

In common with most high pressure 
discharge lamps, a hot lamp will not re- 
strike with standard control gear and 
ignitors until the temperature of the 
lamp, and therefore the arc pressure, has 
been reduced. Depending upon operating 
conditions, the restrike time for CSI 
lamps will vary between 2 and 10 min 
unless a special hot restrike ignitor 
supplying a 25-kV pulse to the lamp pins 
is used. Due to the uniquc compact con- 
struction of the lamp (which is responsi- 
ble for most of its major practical ad- 

Table I. Illumination and light pattern vs. throw for various lamp and lens combina- 
tions. Values h a w  been calculated i n  metric and British measurements arc given below. 
Somewhat dzferent working distances have been used in the two sets of calculations so that a wider range 
of values can be illustrated. 

-~ . _ _ _ _  ~- 

Metric British 
Illumi- Ream width Illumi- Ream width 

T.anip Spreader Throw nation (50T1 peak) Throw nation (50%) peak) 
unit lens (meters) (lux) (meters) (ft 1 (fc 1 (ft) 
.~ - .. ~ 

1 X OMW 3 15,500 1.3 X 3 . 5  15 620 6.4 X 17 
1 X OME 3 7,000 3.8 X 3.8 15 280 19 X 19 
1 X OMS 10 11,000 2.5 X 1.8 25 1,700 6.2 X 6.2 
1 X OMP 10 4,300 2.6 X 4.3 25 690 6.6 X 10.6 
4 X OMW 10 5,500 4.3 X 11.5 25 880 10.6 X 29 
4 X OME 10 2,500 12.5 X 12.5 25 400 32 X 32 
4 X OMS 20 11,000 5 .0  X 5.0 100 440 25 X 25 
4 X OMP 20 4,300 5.3 X 8.5 100 170 26 X 43 

225ABrute (spot) 20 6,000 3.0 x 3.0  100 240 18 X 18 
225ABrute(flood) 20 1,500 11.0 X 11.0 100 60 68 X 68 

Key: OMS = narrow; OMP = medium; OMW = wide; O M E  = extra wide. 
- .~ ~- .- ~. - - 
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Light fluctuation waveform for a 500-W tungsten-halogen 

vantages) using these high restrike 
voltages does present flashover problems. 
Nevertheless, hot restrike circuits can be 
used with lamps of modified construction, 
and if a demand exists for the hot re- 
strike capability then it can be supplied. 

Sports Stadia Hot Restrike 
Installations 

Assuming that the public areas of a 
stadium are provided with an emergency 
lighting system, there seems to be little 
justification for the additional cost and 
complication of instant restrike facilities, 
except in the case of a few major inter- 
national class stadia. It must also be re- 
alized that although lamp extinction can 
result from a momentary break in supply, 
a major electrical breakdown will also 
have the same effect and is just as likely 
to occur. To  cover this eventuality, a 
second independent supply must be 
available on the site even when hot re- 
strike equipment is used, if the lighting 
is to be reinstated only a few seconds 
after the failure. 

The alternate method of connecting 
two lamps in parallel across single sets of 
control gear will also achieve either full 
or partial lighting within 30 s of the 
supply being reinstated. With this system, 
the lamp with the best starting char- 
acteristic in each pair will strike and run 
up to full output; if this lamp itself goes 
out, then the second (“cold”) lamp will 
strike and run up in about 30 s. This solu- 
tion is more economical than using 
special restrike circuits. 

Due to the low windage area of com- 
pact source floodlights, even the duplica- 
tion of units gives lower tower windage 
loads than where conventional floodlights 
with jacketed metal halide lamps are 
used. 

Hot Restrike for Filming and Television 

To be deliberately provocative for a 
moment: why do lamps have to be 
switched on and off so frequently? After 
all. if the usually restrictive concept of 
color temperature is found to have little 
or no relevance to metal halide lamps, 

Liaht fluctuation at twice supply freauency 
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Fig. 7. Waveform for an electrode-stabilized compact source 
metal halide lamp, using dysprosium, holmium and thulium 
iodides. 
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perhaps some other aspects of accepted 
practice require rethinking as well. 

Ignoring the case where portable 
handlamp equipment is used, there seem 
to be four main reasons for switching 
lamps: 

(1) To enable the lighting cameramen 
to check the contribution of individual 
lamps in the overall lighting set-up. This 
can be done just as effectively, however, 
by waving a hand or a board in front of 
the lantern, or by using barndoor or 
mechanical shutters. 

(2) To conserve life when the lighting 
is not being used, or when lanterns are 
to be repositioned in order to reduce the 
risk of vibration damage to the filament 
when it is hot. Discharge lamp life, 
however, is shortened by frequent 
switching, and if the off-time is sufficient 
to permit a significant saving, the lamp 
will have cooled down and will restrike 
with the standard circuits. Furthermore, 
the CSI PAR-64 lamp has a greater life 
than most filament studio lamps and is 
far less vulnerable to vibration damage 
when either hot or cold. Lanterns can 
be moved when the lamps are lit without 
affecting lamp life - which is certainly 
not the case with filament lamps. 

(3) To reduce the heat load in the 
studio between shots and save power 
consumption. Using discharge lighting 
will reduce the lighting load at  least to 
one quarter of that required for filament 
or arc lighting, and this is surely a 
significant saving. 

(4) To reinstate lighting when it has 
been accidentally or prematurely killed. 
The “Sparks” may trip over a cable, or 
the Director may shout “Kill it!” - and 
a moment later change his mind. Such 
things happen, but i t  is open to question 
how much the industry is prepared to pay 
to cover these eventualities. At least with 
metal halide lamps, time is never re- 
quired for a “re-trim.” Obviously cases 
can always be made for a hot restrike 
facility, hut considering the more expen- 
sivc lamp, starter unit and the housing 
which must withstand the very high 
voltage pulses required, cases for which 
these costs can be justified are probably 

fewer than one would first believe. As 
indicated earlier, hot restrike lamps are 
now becoming available. 

Beat Effect on Film 

There is one more important char- 
acteristic of ac discharge lamps that has 
particular relevance to filming and this 
is the problem of “beat.” The light out- 
put of any lamp operating on an  ac 
supply fluctuates at  twice the supply 
frequency; thus on a 60-Hz supply the 
time of one light cycle is 8.3 ms and on 
50-Hz 10 ms. This is true for all types of 
lamp, but there is considerable variation 
in the percentage of light fluctuation 
(depth of the light variation) between 
the peak and trough of the light cycles 
of various lamps. Figure 6 shows the 7% 
fluctuation for a 500-W tungsten-halogen 
lamp; for the larger mass filaments used 
in higher rated studio lamps the fluctua- 
tion is less. With discharge lamps it is 
much greater: Fig. 7 shows an 83% 
fluctuation for an electrode stabilized 
compact-source metal halide lamp using 
dysprosium, holmium and thulium io- 
dides, a’nd Fig. 8 shows a value of 76% 
for a 1,600-W linear metal halide lamp. 
The light cycle fluctuation for a 1,000-W 
CSI lamp is shown in Fig. 9 to be 62%. 
Where CSI lamps are used to replace 
carbon arcs on outdoor locations to 
provide “fill” light, no beat problems 
have been experienced at  normal frame 
speeds, but where they provide the sole 
source of light, beat can be a problem. 

Using 1-kW CSI lamps in three-way 
groups, there are two different ways of 
reducing the depth of the light fluctua- 
tions. The first way -connecting each of 
the three lamps on a different phase - re- 
sults in a light-cycle waveform with only 
a 4 to 5% fluctuation a t  a frequency of 
six times the supply frequency (Fig. 10). 

Where a three-phase supply is not 
available, light fluctuations may yet be 
reduced by the second method: using 
special lead-lag circuits to operate groups 
of three lamps. This is achieved by con- 
necting two lamps as a series pair with a 
combined capacitive and inductive bal- 
lastq which results in a leading power 
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Light fluctuation at twice supply frequency Light fluctuation at twice supply frequency 

Fig. 8. Waveform for a 1,600-W linear metal halide MBIL/H 
lamp. 

Fig. 9. Waveform for a 1,000-W CSI lamp. 

1 Light fluctuationat six times supply frequency W t  fluctuation at twice supdy frequencv 

supply CyclOS supply cycles 

Fig. 10. Waveform for a group of three 1,000-W CSI 
lamps operating on three phases. 

Fig. 11. Waveform for a group of three 1,000-W CSI lamps operating 
on lead/lag circuits. Curve A shows the combined effect of all three 
lamps, curve B the output of the two leading lamps and curve C the 
output of the single lagging lamp. 

factor. The third lanip is connected to a 
standard ballast without power factor 
correction, to give a lagging power fac- 
tor. Figure 11 shows that the light output 
of this combination still varies a t  twice 
the supply frequency, as for singlc-phasr 
lamps, but the fluctuation is reduced to 
3395. ' rhe  group of three lamps opcrates 
at a power factor near unity. and the 
circiiit has the advantagc of reducing the 
control gear weight l)y approxiinately 
300/,, 'although a modified ignitor is 
recliiircd for the lamps opcrating as a 
series pair. Although the frequency of the 
light cycle is the same as the standard 
single-phase circuit, the improvement in 
fluctuation from 62% to 39% will reduce 
the likelihood of hcat effects. 

The variation in the exposure ofsricces- 
sive frames is dependent upon the supply 
frequency, the perccntagc light cycle 
fluctuation of thr lamp and the camera 
shutter opcn timc; shutter oprn tiine is 
afrectcd by both fratnc speed and the 
shutter angle. 

Figure 12 shows thr  niaximum varia- 
tion in the exposure of successive franics 
vs. shutter opcn time for three valiics of 
lamp light cyclr fluctuation. Tt can IIC 
seen that when the shritter opcn tiine 
corresponds exactly to thr  time of one 
or niorr complete light cyclcs tlie ratio 
of in;rximuin rxposurc to mininiuiii cs- 
posure rquals onc, providing consistcrit 
exposiirc. In practicr plus or iiiinus 

I 
Numbm of IigtiI cycles in shutter O i ~ r n  llmc 
Liijht fluLtuatlM1 38 

- E,Y--=- 8J 
... . .. . I. .. 

Fig. 12. Maximum/minimum ratios of exposure with increasing 
shutter open time for lamps with 830/;, 62:';, and 39%) light 
fluctuation. The insert shows a n  enlarged version of this curve 
around the point where shutter open time is equivalent to two 
light cycles. Note the increased tolerance in  shutter open time 
that is possible with 1amFs giving a lower percentage of light 
fluctuation. 

tolcranccs will apply to the caincra spccd, 
thr supply freqiiency and the accuracy 
of thr shutter angle sctting. From the 
Fig. 12 insrrt it can l x  seen that to hold 
thc cxposure variation t o  4y0, thrsc rom- 
Iiincd tolrranccs riiust I)e Icss than f ?I/, 

if ii Iamp wirh light fliictuations of 83% 

is L I S ( ~ ,  whilr they can Ix incrcasctl to 
+5y0 if  the light Riictuntions are 62%). 

I'hc prrcisc exposure variation which 
can be toleratcd I d o r e  projrctetl flicker 
I)rcornes noticealdr is not known with 
certainty, nor is the coin1)inecl tolrrance 
of supply frrriurncy and cariicra scttings 
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Table 11. Frame speeds which are likely 
to be most compatible on 50-Hz and 60- 
Hz supplies using battery-powered, 
crystal-synchronized cameras. 

Number of 
light Frame speed (fps) 

cycles 60-I-IZ 50-HZ 

Fig. 13. Combinations of frame speeds and shutter angles which 
result in a shutter open time equivalent to 1-5 complete light 
cycles on a 6 0 - H ~  supply. (Shutter angle = 3n times the frame 
speed where ?z = 1,2,3,4,5, respectively. For 50-Hz supply, the 
constant 3 above becomes 3.6.j 

which is normally achicvctl witliorit 
special precautions. ’I’herc is incrciising 
evidence to suggest that tlic figtirc i n  both 
cases is about 4%. ‘I’hc third line corrc- 
sponding to a light fluctuation uf 39yo 
using a three-way CST lcatl lag group 
(Fig. 11) is inclutlctl to show that good 
results coiiltl I)c o1)tainc.d in tliis way. 

As an altc‘rnativc to settiiig the shuttrr  
open tiinc to one or iiiorc cmniplctc liglic 
cycles, cxposiirc variation will I J ~ .  nil if 
tlir ca~iicra and mains a rc  syiichi.onizccl 
and tlic camera sprctl is chosen to I)r a 1 1  

exact stil)iniiltiple of rloulilc tlic mains 
frcqiirncy. ‘l’aldc I1 shows thc frallir 

speeds which can he risctl in tliis way on 
60-H5: or 50-1 Iz supplies. At thrsc fg.amc 
s p t ~ ~ l s  any shiittcr angle can lie ~ i s e d .  

k’igurc 13 shows conil)in;itions of 
frame SIJCCCIS antl shutccr iiriglcs that givc 
a shutter open tiinc of one or iiiorc light 
cycles. l l icsc will also avoid flicker cn‘ccts 
if  the lamp used has a light fluctuation of 
less then 62y0 as dcscriliecl earlier. 

From this theoretical data, it  is possil)lc 
to find certain coinhinations of camera 
settings which can give satisfactory 
results. Ncvertheless, it is rccommendctl 
that film tests be taken when there is any 
doubt about beat eflects, liccatisc anoma- 
lies in practice (often due to camera 
fat~lts) do occur. 

When lamps are used in three-way 
groups from three-phase supplies, thcrc 
may he a mtiltiple shadow problem, 
depending upon the distance Iirtwecn 
the lamps in the group and thc length of 
throw. Although stirfaces l i t  equally by 
the group lamps are free from heat, 
shadow beat can occur and highlights in 
shiny surfaces might pulse. In  practice 
good results are achieved if the three 
lamps are small enough to lie mounted 
and used as one unit. Using lamps in 
groups is ideal for outdoor sports areas 
where a three-phase supply is normally 
available and the distanct: between thc 
floodlights and playing area is great. 

The  future development of high- 
frequency single lamp circuits will over- 
comr the problcrn of Iieat over the 
practical range of camera. frame spcctls 
used in cinematography for coniiiicrcial 

purposes. Through the use ol invertors 
to operate the lamps at  around 2,000 Hz, 
the number of light cycles per frame will 
IJC increased. l’his improves the light 
cycle fliictuation antl togrtlicr with the 
increased number of light cycles oc- 
curring clriririg each shutter opening will 
makc beat cl‘rects iinpcrccptil~le. ’l’hcse 
high-frrquciicy circuits arc still riiitlci. 

will ~intlouliteclly cnsrirr that high- 
prrsstirc metal halide discharge ~ourccs  
can play ii full part in  ligllting lor the 
film industry. 

Conclusion 

t~cvciopllient, h i t  oncr pe r rcwt i  tilcy 

At present, the higli-pressure metal 
halide discharge soiirc,r constitutes an 
invaluahlc lighting tool on a par with 
c~stahlishecl sources so long as the user is 
fully aware of certain liimitations. Metal 
halide lanips have alrcacly l ~ ~ n  used  
successfully for such film and television 
applications as: 

(1) Color television otitside broadcasts 
for interior and exterior sporting events 
and other types of entertainment. 

(2) Outdoor and indoor location f i l i i i -  

ing wherc the portability antl low power 
consumption arc important acIv,intages. 
’I’hcy have hccn found to tie particularly 
effective alternatives to carbon arcs. 

(3) ‘l’elevision and film studios where 
the reduction of hcating load is a great 
bencfi t. 

(4) Slow-motion filming for co~n- 
inercial film productions ancl industrial 
applications where the high lcvels of il- 
lumination requirctl cannot l ~ .  economi- 
cally achieved by other sources. With 
care, beat problems can now be mini- 
mized and, in thc future, tlcvclopmcnt of 
high, frequency equipiiicnt will climinate 
this effect entirely. 

AcX-noze,lrt/~menl.r: ‘l’he aiithor wislirs to 
express his thanks to colleagues and 
friends in Thorn Lighting Ltd., Lee 
Electric (1,ighting) L ~ t l . ,  Jack Frost Ltcl., 
the RBC: ancl the CBC, for their help antl 
advice in the preparation and prcscnta- 
tion of this paper. 

1 120 100 
2 60 50 
3 40 33 .33  
4 30 25 
5 24 20 
6 20 16.67  
7 17 .14  1 4 . 3  
8 15 1 2 . 5  
9 13.33 1 1 . 1  

10 12 10 
~- .- -~ 

Discussion 

7‘lromos M. Lcmoi1.r ( TLL.+Lighling CnnsuNonls, 
Itic.) : Your data on light output variations for 
various lamps should also note that this can vary 
by tlie csact ballast used. Though I agree with 
your data as bring fairly accurate fin staridard 
reactor ballasts, my exprricnce is that other wave 
s h q m  have bccn provided by ballasts for these 
lamps. This is especially true for ballasts de- 
vclopccl for 120-V 1inc.s normally encountered in 
North America. ’I’he best judge of light WBVC 

shape is the ballast currcnt crest factor which is 
lirniicd to 1 . 0  to 1 for H M I  lamps. Standard 
metal h;ilidc lamp hallaats used in the US ancl 
C:iinatlir have i i  cxirrciit crest factor between 1.8 
and 2.0 to 1 which would be much wursc than 
your H M I  data. Is there any current crest factor 
limit for (XI lamps? Thc  Iilter correction of CSI 
and I-IMI lamps is important for balancing with 
I,otli runRstrn and daylight lilin. The IIh4I lamp 
tolcrance is f.200 K for manufacturing a n d  a 
200-11 life application and therefore rolc~r correc- 
tion can be achicvcd with one basic filter. What 
is tlie manufacturing tolcrance and color tem- 
perature changc during life for the CSI lamps? 
Is this satisfactory to achieve color correction 
with one filter with all lamps throughout life or 
will liltcrs have to be matched to preselected 
lamps and changcd during life? 

iMr. Aldiuorlh: T h e  reason for showing the vari- 
ations in light waveform for various lamps in my 
paper was to illustrate the link between this 
rharacteristic and beat efferts on film. The  per- 
centage of light Ructuation is fundamentally dc- 
pcndcnt upon the halide mix used in the lamp, 
and all my data was dcrivecl from circuits giving 
a rrcst factor not greater than 1.6. Had the crest 
factor been greater the fluctuation would un- 
doubtedly have brcn increased, which would in 
turn have increased the problem of beat, but 
wc have no expcricnce of using lamps on circuits 
with higher values of crest factor and, therefore, 
\vc cannot state by how much the fluctuation 
would hr increased. Conversely the e f k t  would 
hc reduced with crest factiirs nearcr 1, but as 
my cicmonstration film sliowcd, beat effects can 
also hc avoided by running the lamp at  higher 
frequcncirs which only achievcs sinall improve- 
mcnts i n  the actual perccntage of light fluctua- 
tion. 

CVitli regard to your rlucry on filter correction, 
w e  do nut believr that color temperature is a 
proper ineasuri: of tlie color rcndcring propcr- 
ties of discliarge lamps. Our  view is shared by 
thr ilrneriroti Ciiiemtrlogro~her’s Manual (4th Ed.) 
which says, “Many of the ncwer types of im- 
provccl mercury lights give excellcnt color rcn- 
dering h r  the cyr, arid manufwturers often givc 
LIII “cll’ectivc” color trrnperatiirc to the ~ources.  
‘This “kelvin” trinpernturc has no meaning for 
the purposcs of color photograpliy.” The  lamp 
lins been usrcl cxtensibly for filininaking, par- 
ticularly in tlie I I K ,  anti a summary of our cx- 
prrirncc is givrn in t l i r  “Color Quality” srction 
of the written paper. 
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