
possibility of ground-in dirt, wetprinting is 
a mcthod that certainly merits high priority. 

The author is thoroughly committed to 
the continuing dcvclopnicnt of total immcr- 
sion wetprinting. He has presented a contact 
printing machine specifically designed to 
obtain the maximum number of advantages 
afforded by total immersion wetprinting. I t  
is the author's hope that his cfforts and thc 
cfforts of others will hasten the day when 
wetprinting bcconies a routincly acccptcd 
laboratory procedure for all printing opera- 
tions and for the greater enhanccnicnt of 
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Cost-Effective Water Conservation 
Through attention to waste, the Eastman Kodak Color Print and Processing Laboratory 
in Palo Alto, California, has waged a successful campaign to reduce water consumption 
since 1968. In the period from 1968 through 1976, water usage was reduced by 70% and 
over a quarter of a million dollars was saved in water costs. The key elements of the 
campaign were simple: identify waste, use existing technology, and economically justify 
the solution. When northern California's drought extended into its second year in 1977, 
the laboratory's efforts were stepped up to satisfy a mandatory 28% rationing plan. Part 
of this step-up was an educationalhotivational plan for employees, designed to show 
them where the water comes from, where it is used, how important it is, and what the 
company is doing about the shortage. Again the stress was on waste, existing technol- 
ogy, and economic solutions, and again the campaign worked; water usage in 1977 was 
cut by almost 50% compared with 1976, and cost cuts were commensurate. These 
reductions were effected without resorting to "big technology." 

Recently a number of articlcs havc appcarcd 
in newspapers around the country conccrn- 
ing the substantial water-use reduction 
achieved at the Eastman Kodak Color Print 
and Processing Laboratory in Palo Alto, 
California, over the past decade. Sur- 
prisingly, most ofthc savings wcrc obtained 
through attention to waste rather than 
through the application of "high tcchnol- 
ogy" nicthods. Over a ten-year span, thc ap- 
proach to watcr-use reduction that Kodak 
has found to bc most cost-effective is to re- 
duce waste. 

Our program has bccn simple. Find 
whcrc water is being wasted, propose a sini- 
ple solution using existing tcchnology to 
minimize or climinate that waste, and eco- 
noniically justify that solution. Over thc 
first ycars the program worked well enough 

providing a slow, continuous, orderly, and 
cost-effectivc reduction in watcr consunip- 
tion. Ncvcrthclcss, when 1977 was rccog- 
nized as thc sccond consccutivc ycar of 
drought in northern California, the chal- 
lenge was clear. Wastc was still too high 
and waste reduction would be where the 
fastest savings could be rcalizcd. Thcrcforc. 
a conimitmcnt was madc to rcdoublc our 
conservation cfforts until the drought was 
broken. 

One iispcct of that effort has been an cdu- 
cational/niotivationaI slidc talk program for 
all laboratory employees in the form of a 
personal presentation designed to convince 
them of the rcality of the water shortage, to 
make them aware of our past cfforts in thc 
water-conservation area, and to enlist their 
aid in getting through this difficult timc. 

Presented on 15 October 1977 at the meeting of the 
Association of Cinema and Vidco Laboratories 
(ACVL) in Los Angeles. The paper. adapted from a 
primarily visual presentation. was received on 17 
March 1978. The author. John F. Motch. is with the 
Kodak Processing Laboratory. 925 Page Mill Road. 
Palo Alto. CA 94304. Copyright@ 1979 by the SO- 
ciety of Motion Picture and Television Engineers. 
Inc. 

History of the Water Problem in 
California 

At the outset, theemployees were told of 
thc history of thc watcr problcni and how i t  
had affcctcd thc company and what the 
company was going to do. 

Thc cliniatc around Palo Alto, Califor- 

By JOHN F. MOTCH 

nia is semiarid, with an avcragc annual rain- 
fall of 12 - 13 in (about 32 cm). Rainfall is 
mcasurcd from July to July, and most rain 
falls in November through February. This 
mcans that thc ficlds aregreen by Christmas 
and golden brown by July- hence the nick- 
name "thc Goldcn Statc." 

Early scttlcrs turncd to agriculture. 
mainly planting orchards in our particular 
arca. Ground watcr wasavailablc for irriga- 
tion, since in those days all it took was B 5-ft 
(I%-m) hole to  produce anartcsian well. As 
a rcsult the valley was ablaze with fruit 
blossoms every spring. Soon, howcvcr, 
wells with pumps were required to reach the 
water table. The need for more and niorc 
water and the switch to niorc watcr-intcn- 
sivc row crops soon led todecper and deeper 
wells. No one seemed to recognize that 
therc would bc any limit to the water avail- 
able, and worse, no one anticipatcd thc con- 
sequences of an cvcr-dropping watcr table. 

Finally, the water table dropped to 150 ft 
(46 ni) below sea level, and at that point thc 
land started to drop, too. in what is called 
subsidence. The South Bay Yacht Club 
oncc lookcd proudly over San Francisco 
Bay, but during thc subsidcncc ycars i t  
droppcd 13 ft (4 m) and now requiresa levee 
to hold back the bay waters. Other arcas of 
San Jose, such as the arca whcrc thc county 
buildings arc now located, have droppcd al- 
niost 8 ft  (2% in). 

Obviously sonicthing had to bc donc to 
rcplcnish thc ground water, and construc- 
tion of a system of I 1  county lakes was start- 
ed to catch the surplus wintcr rain. and 
through a systcm of percolation ponds, to 
put that water back into thc ground rathcr 
than pcrniitting it to just run off into the 
ocean. Conccivcd during the 1920s and es- 
sentially completed about 1935, thc lakes 
havc a capacity of alniost 180,000 acre-feet 



Table I. Water bank, San Francisco Bay :ires. 

Capacity February 1977 Octobcr 1977 
Lake (acre-feet) (acre-feet) (acre-feet) 

Almadcn 1.780 98 Empty 
Andcrson 9 I ,780 26,038 13.651 
Calcro 10,160 1,170 328 
Chesbro 8.086 Empty Empty 
Coyote 23,700 5,624 Empty 

Pac hcco 6, I35 I74 Empty 
Stcvcns Crcek 3.600 I34 Empty 
Uvas 10,Ooo Empty Empty 

Guadalupc I .740 133 I89 
Lcxington 20,210 672 Empty 

165 
Totals 177.601 34,432 14.333 
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(58.7 billion gallons or 222 hm3);* Tablc I 
incidentally shows that 1977 was not a good 
year for kccping them fillcd. But for ncarly 
thrcc dccadcs, thc systcni did niunngc not 
only to supply thc nccds of the vulley but to 
rcstorc thc watcr table, halt subsidcncc. and 
allow continued urban and suburban growth 
of thc lower Bay m a ,  with wells fora watcr 
system. 

Meanwhile the city of Siin Francisco 
startcd to build a watcr systcni in the Sicrrn 
Ncvada Mountains. which was called the 
Hctch-Hctchy Systcni (complctcd in 1931). 
It would capture snow run-off in mountain 
Inkcsand channel the watcrto the Bay arca. 
providing fresh, clean, soft watcr without 
treiitmcnt or pumping. The plan was to pro- 
vide a local storagc ofalmost 78 billion gal- 

*In this papcr, various metric conversions arc ap- 
propriate. Gallons will be shown with their liter (L) 
cquivalcnts: millions of gallons will bc convened to 
megaliters (ML): billions of gallons will be ex- 
prcsscd as cubic hectometers (hm’) - a volume 
c q u ~ l  10 a cubc 100 ni on an edge. For comparison. I 
acre-ft = 326.111 gallons = 1.23 ML = 0.00123 
h111’. 
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Ions (295 hnr’). As shown in Tablc 11, this 
was to bc divided among five facilities, all 
of which exist today. Thcsc arc supplicd 
from thrcc mountain lakcs - Elcanor, 
Hetch-Hctchy. and Cherry. Don Pcdro is a 
foothill lake whcrc. i n  thc past, surplus 
Hctch-Hctchy watcr was storcd to meet ini- 
gation rights that predate the systcm. 

As the population of thc vallcy grcw, 
there was sccn morc housing, niorc indus- 
try, nnd morc business; this and dissatisfac- 
tion with hard wcll water led more and niorc 
local arcas to buy into thc Hctch-Hetchy 
System. When our laboratory was built in 
1954, wc conncctcd dircctly to thc Hetch- 
Hctchy linc, cven though thc city of Palo 
Altostill uscdrnuch wcll watcr. Today Palo 
Alto uses Hetch-Hetchy watcr, with thc 
wclls for back-up, and our laboratory still 
receives only Hctch-Hctchy watcr. except 
i n  the firc mains. 

Just how bad is thc present situation‘? 
Moisture in California during 1977 was 
about 75% of normal and the preceding ycar 
was worsc. Thc normal annual rainfall is 
13.1 in (33.3 cm); in 1976 wc rcceived 5.77 
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Fig. I. Combined local storage, normal year vs. 1976/1977. 

604 S M I y f I ~  Jorir~rctl Scp /c .d~c~r  1979 Volrinri, 88 

Table 11. Local storage, Hetch-Hctchy 
system. 

Capacity 
Facility (billion gallons) 

Cdl aVcKlS 31.6 
San Antonio 16.5 
Crystal Springs 22.6 
San Andreas 6.2 
Pilarcitos I .0 

Total 77.9 

in (14.66 cm); and in 1977. 8.97 in (22.78 
cm). Considcr the 78-billion-gallon local 
Hctch-Hctchy storage. Normally on 1 De- 
ccmbcr thcrc arc 50 billion gallons stored 
(189 hml). By 1 Fcbruary thc storcd volunic 
should incrcasc to 56 billion gallons (212 
hm’) and by I May, 65 billion gallons (246 
hm3) arc cxpcctcd. 

Figure 1 compares the normal ycar to the 
1976/1977 scason. On 1 Decenibcr there 
wcrc 36.5 billion gallons (138 hm’) storcd. 
but by I February the stored volurnc had dc- 
crcascd to 35 billion gallons (132.5 h d ) .  I t  
was estimated that, without spccial conscr- 
vation measurcs, by 1 Novenibcr thcrc 
would only bc 22.4 billion gallons (85 hm”) 
left which would not bc cnough to get 
through another dry ycar. With 25% ration- 
ing. however. there would bc 41.2 billion 
gallons (156 hm3) by I Novcmbcr. and along 
with what remained in mountain storage. 
that could scc us through another year. 

Regarding thc mountain lakcs: at thc 
time of writing, Lake Eleanor was cmpty 
and Cherry had a scant year’s supply at re- 
duced dclivcry ratcs. Don Pcdro was vcry 
low, with less than two ycars’ total supply, 
and sincc it ”banks” watcr for the prior- 
right irrigation custonicrs thc watcr systcni 
might have to honor its water withdrawal 
comniitrncnts. Hctch-Hctchy Reservoir was 
at about thc 10% mark in April of 1977. 

What about ground watcr’? In April 1977 
thc watcr tablc was at 50 ft (15 m) below sea 
level (Fig. 2). By 1 Scptcmbcr high pump- 
ing rates had brought it  to 117 ft (36 in) bc- 
low sca Icvcl. Subsidence and strict ration- 

I I 

Fig. 2. Ground water table, April 1977. 



Table 111. Palo Alto's mandatory water 
rationing plan. 

category Rcduction (%) 

Singlc family 
Multifamily 
Coiiiriicrcinl 
Industrial 
Public facilitics 
City dcpnrtincnts 
Overall reduction 

22 
22 
24 
28 
30 
40 
26 

Industrid process water 
0 -  10 units Voluntary reduction 
Ovcr 10 units 20% reduction 
50% reduction in irrieation water 

ing could be expcctcd tostart at about 125 ft 
(38 m) below sca level. Ground watcr 
would not bc any long-tcmi help. 

To cope with this situation. thc entire 
Bay Arca was put on somc form of water- 
conservation plan. Thc Snn Francisco 
Water Dcpartment mandated a 25% rcduc- 
tion in 1977 wiiterusc. which was translatcd 
into the plan shown in Table 111 by Palo 
Alto. Industry was askcd to reducc con- 
sumption by 28%. which would be achicv- 
able by rcducing process water consump- 
tion by 20% and irrigation water by 50%. I f  
industry failcd to do this. thcrc would bc 
pcnalties, including increased charges for 
water. up t o  ten tinics thc normal ratc; flow 
restrictions would be imposcd if the penal- 
tics were not sufficicnt. The fincs and pcnal- 
tics are shown in Table IV. Thc Palo Alto 
plan observed that "Therc is a system for 
good faith variancc for industry to minimizc 
economic impact, but thc intention is sc- 
rious and action must bc taken now." 

The Water Problem and Our 
La borat ory 

In 1968 our laboratory consunicd. or  per- 
haps passed through, almost 130 million 
gallons - 490 ML (million liters) - 
enough to fill a lakc of 397 acrc-ft. and for 
that water we paid $48.300. That was a lot 
of water, a lot of dollars, and a lot niorc of 
both than really ncccssary for our opera- 
tions, but in those days wc werejust waking 
up to water waste and likc many others had 

Table IV. Fines and penalties fur failure to comply with mandatory water rationing. 
Units used in cxccss of dlotnient will bc billed at rcgular ratc plus: 

Percentage 
0- 5 
5 -  10 

11-20 
20- 30 
30- 40 
t 50 

Exccss use chargc 
Nonc 

2 x unit rate 
3 x unit ratc 
4 x unit rate 
5 X unit ratc 

10 x unit  rate 

Chargcs for installation of flow-restricting devices or for rcstoring scrvice will bc lcvicd as follows: 
Mctcr s i x  Installation 

(inchcs) 
%- I 25.00 

1%-2 50.00 

cost (dollars) 
. .~ 

Removal cost 
(dollars) 

25.00 
50.00 

> 3  Actual cost* Actual cost* 

*Actual cost will include all rnatcxial. labor. equipment. and overhcad charges 

many wasteful opcrations. Our first efforts 
to find whcrc the watcr was being wasted 
and to do somcthing about i t  were just com- 
mon-scnse mcasurcs: 

I .  Our proccsscs (all running continu- 
ously from Sunday night until Saturday) 
were hcatcd by running domestic hot watcr 
through a heat cxchanger to thc scwer. This 
waste was climinatcd whcn we installcd ;i 
stcani-heated hot-water recirculation loop. 

2. Thc Nash proccss air-comprcssors 
wcrc sciiled and cooled by running city 
waterthrough them to thc scwcr, and hcrc a 
rccirculation loop with a cooling heat ex- 
changer was installcd. 

3.  Both high pressure air-compressors 
werc also cooled by city water to the scwcr, 
but now they are coolcd by a chillcd-water 
recirculation loop. 

4. Thc rcfrigeration units that supplicd 
chillcd water had thcir gear boxcs cooled 
with scwcrcd city watcr. and this was 
changed so that they cool thcmselves. 

5. Proccss machine washcs were stud- 
icd closcly since thcy require a lot of watcr. 
To supply thc washes. hot and cold water is 
mixcd in a tank and then punipcd to the 
process iiiachines through a sand filter. Wc 
started automating this tenipcrcd-water sys- 
tem by addinga "water trcc" with clcctrical 
solcnoid and flow-rcgulation valvcs at each 
machinc. Thcsc valvcs could bc controlled 
directly by thc machine opcrator. This auto- 
mating took timc. but it was important bc- 
causc thc "manual" washcs uscd a lot of 

Fig. 3. Water usage, 1968 - 1972. 
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Fig. 4. Water cost, 1968 - 1972. 

watcr running on a Sunday through Satur- 
day schedule. 

6 .  Everyonc started looking for drips 
and for leaks. Water-awarcness was the 
word. and extra washdowns or  needlcssly 
running hoses wcrc discouragcd. 

By 1972 consumption was down 60% to 
54 million gallons (204 ML) (Fig. 3). dc- 
spitc substantial busincss growth. In addi- 
tion. thc annual  watcr cost was hcld down to 
$23.100. dcspite a ratc incrcasc (Fig. 4) .  
This was good, but could wc do  bettcr? To 
answer that qucstion wc examined water 
usage in 1972 (Tablc V). Both thc40 million 
gallons (151 ML) uscd foropcrationsand thc 
7.5 million gallons (28 ML).for landscaping 
seemed much too high. 

Wc pushcd cvcn hardcr for cmploycc 
awarcncss to stop thc running-hosc syn- 
drome and thcn presscd ahcnd with wash aii- 
tomation on the machines not  yet com- 
pleted. Thc system was made cvcn casier to 
use by tying into an existing automatic 
chemical rcplcnisher systcm. 

Machines that requircd a stand-by flow 
wcrc rcducctl to thc absolute mininiuni. On 
a niachinc likc thc Ektnchronic auto- 
proccssor, this nicant :I rcduction from 9 to 2 
gal/min (34 to 7 . 6  Umin). 

Landscaping and thc 7.5 million gallons 
i t  rcquired got a long hard look. Thc prob- 
lem was twofold: a nonautomatic sprinklcr 
system that was poorly attcndcd by thc gar- 
dcner and too much water-intcnsivc plant- 
ing. A plan was forniulatcd to relandscnpc 
and to automate sprinkling. L a g c  areas of 
lawn wcrc replaccd by trccs and drought- 
tolerant ground cover to reducc watcr nccd 
and to providc cooling shadc for thc build- 
ing. 

The sprinklcr systcin was automatcd 
with a solid statc controller sclcctcd to pro- 
vide niaxiniuni flexibility. Thc systcm was 
thcn rcfined by burying moisture-scnsors in 

Table V. 1972 Water usage (gallons). 
Landscaping 7.480.000 
Sanitary 2.870.000 
Cooling towers 3 .O 10.000 
Boilers 160.000 
Humidification 417.000 

Total 53.992.000 
Process opcntions 4Q,055.rn 
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Fig. 5. Water usage, 1968 - 1976. 
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Fig. 7. Monthly water usage, 1976/1977. 

the ground which turn on the sprinklers only 
when the soil is dry. As a further refine- 
ment, a rain sensor on the roof lets unneeded 
watering cycles be skipped. We expect this 
system to save more than 3.75 million gal- 
lons (14.2 ML) of water per year, or more 
than the 50% of thc irrigation ration. 

Thc awarencss program. the continued 
proccss automation. and some relandscap- 
ing proceeded through 1976, and consump- 
tion continued to fall until  at year cnd the 
total was 39.5 million gallons (I50 ML) or 
70% less than in 1968 (Fig. 5). This was 
achieved even though our production vol- 
ume had never been grcatcr. And dcspite 
tiiore rate increases, watercost for 1976 was 
hcld to $26,400 (Fig. 6). Allowing for rate 
increases. if consumption had continued at 
the 1968 lcvcl our watcr costs would have 
been $272,800 highcr forthe eight years in- 
volved. 

Redoubled Efforts 
As previously mcntioned, by the end of 

1976 the magnitudc of water problem in our 
area was apparcnt to all. and at first a call 
went out for a voluntary 10% reduction in 
water usage. This was soon replaced by a 
mandatory 28% cutback for industry in Palo 
Alto. This meant that i n  1977 our water 
usagc was to bc held to 28.4 million gallons 
(108 ML). Having already reduced con- 
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Fig. 6. Water cost, 1968 - 1976. 
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sumption by almost 70% in eight years, we 
weredoubtful that wecould achievc another 
28% reduction in onc year, but we had no 
choice but to try. I t  was not evidcnt just 
where we could save another 11. I million 
gallons (42.0 ML), but we knew some 
would have to come from landscaping. Our 
studies continued. 

It  was stresscd to employees just how 
much their jobs depended on water. We 
used the bulletin boards for tips. Signs 
were placed throughout the laboratory. 
Polorcirnci, our local cmployec paper, also 
played its part. We needed cveryonc's co- 
operation. 

Then we decided to measure actual pro- 
cess wash rates and found many flow-con- 
trol valves to bc over spccification. For 
instance. a Kodacolor continuous process 
machine was using 7.8 gallniin (29.5 U 
rnin) instead of 6 ga lh in  (22.7 L/min), and 
an internegative process was found to be 4.5 
gal/min (17 L/min) over specification. 

We also looked at thc specifications 
themselves. From the days when water was 
cheap and incxhaustiblc. our paper proccss 
machine washes had always been run at a 
flow rate dcsigned for 10-in-wide (25.4-cm) 
suitable for the average width, saving 5 gal/ 
paper. We reduccd these washes to a rate 
min (18.9 L/min). In consultation with our 
technical staff we reduccd the stop wash by 
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2 gal/min (7.6 L/min). Finally. we found 
that the stop wash could be supplied from 
the final wash, thusgiving an overall reduc- 
tion of 10 gal/min (37.9 Umin), an average 
savings of 45,000 gal/wcek, or wcll over 2 
million gallons per year (7.6 ML/year). 

To gain efficiency in otherprocesses, we 
rescheduled small products into batched 
runs once or twice a week. We reduccd rack 
wash rinse time to an absolute minimum, 
and of course. we began to realize the full 
benefit of the lawn program. Sanitary usage 
was looked at, and a "water watch group'' 
was formcd to watch over Icaks, flusho- 
meter settings, etc. 

Finally to keep better control of thc pro- 
gram, we started calculating a water-use ef- 
ficiency numbcr that would compensate for 
changing production volume. In this case 
we considered cfficiency to be proportional 
to the total square footage of product pro- 
cessed divided by thc total water consumed 
in our laboratory. Comparing the first nine 
4-week periods of 1976 to the same time 
span in 1977, watcr efficiency went from 

cni2/L) - a 70.6% improvement. 
0.0313 10 0.0534 ft2/gdl (77 Cm2/L to 131 

Results and Conclusion 

I t  is evident that our redoubled efforts 
also paid off; as can be seen in Fig. 7. we are 



well below the ration level. with an almost 
50% usage reduction below the 1976 con- 
sumption. Also. the dollar savings still ac- 
cme, despite a 40% rate increase in July of 
1977 (Fig. 8). 

Our watcr-conservation program is con- 
tinuing. Process specifications arc under 
constant review. and in some cases further 
reductions in water use sccm possible. We 
arc finc-tuning the lawn system to find sur- 

viva1 Icvel. Our employees are aware and 
concerned and continue to bring in water- 
saving suggestions. Wc are studying "gray 
water" from thc sand-filter back wash and 
from the cooling tower bleed-down, which 
amounts to over 3000 gal/day. and arc using 
this watcr for irrigation. The ration levcl sct 
by Palo Alto is 28% less than the 1976 con- 
sumption. but wc expect to continuc at 
nearly 50% less than that base ratc. 

Our program was not startling. It was 
bascd on sensiblc housekccping and conser- 
vation rather than on "big technology" that 
might or might not have been economical. 
Our program has shown that where inccn- 
tive, concern, and motivation come to- 
gether to solve an immediate problem a 
great deal may be accomplishccl in a short 
time. 

Television Studio Design - 
Signal Routing and Measurement 
Conventional methods for routing signals in a television plant, with their associated 
limitations, may include patch panels, passive switching, and electronic routing switch- 
ers. The production-quality color television routing and measurement system concept 
discussed here utilizes a modern, standard production, videolaudio routing switcher as 
the central system element. This system eliminates the need for testing through the 
production switcher (the conventional method) by providing facilities for accurate test- 
ing of all sources at  the engineering area during full operation. This is of particular 
significance where unattended switchers are in operation. Other precision timing bene- 
fits become possible and practical, further reducing the number of chances for errors. 
The "path length accuracy" principle is demonstrated in a practical operational model. 

Introduction 
Routing signals in a color tclcvision 

plant while attcnipting to maintain path 
length accuracies to prevent color crrors is 
an age-old problcni for thc television cn- 
gineer. As an exaniplc. one foot of coaxial 
cable is capablc of producing a visible flesh- 
toneerror of 2" when introduced incorrectly 
or accidentally into ;I video linc. A niodcrn 
production facility may utilize more than 20 
vidcolaudio sources. providing many pos- 
sibilities for errors. These sourccs will gcn- 
crally consist of recording/pluyback and 
processing equipment or inputloutput dc- 
vices. 

From it studio design and operational 
standpoint, the primary objcctivc is to 
achicvc conditions where signals from all of 
these sources iirrive at the input of the pro- 
duction switcher (where mixing and effects 
with the sources arc to be nccomplishcd) 
with prcciscly the same timing. Timing 
must be considered in two components: syn- 
chronizing information (sometimes referred 

A contribution submitted on 28 Junc 1978 and in 
final form on 28 Junc 1979 by Donald Rourkc, Tele- 
vision Engineering Consultant. P.O. Box 257, 
Wellborn. FL 32094. Copyright @ 1979 by thc So- 
ciety of Motion Picture and Television Engineers. 
Inc. 

to as nionochrome timing) and color timing. 
These componcnts are interrelated but are 
gencrally treated separately.* 

Monochrome errors arc easily detected 
by horizontal shifts bctwecn consecutively 
switched signals. The tolerance for mono- 
chronic timing in a high quality. post pro- 
duction studio is as tight as possible for 
initial editing purposes because program 
material may be re-edited and any position 
shifts may not bc acceptable. A minus B 
mcthods providing high accuracy will be 
shown for this purpose. 

Generally, the color timing error is the 
grcatcr problcni cncountcrcd with produc- 
tion switching and signal routing systems. 
As statcd earlier. 2" ( I  . 5  ns) colorcrrors dur- 
ing program asscmbly are visiblc and thcrc- 
fore unacceptable. Thc dcgrce of accuracy 
required would appear to be something less 
than I" (less than 0.77 ns). I t  is this type of 
accuracy on an ovcrall systcm basis that one 
should expect to achicve. 

Another equally important aspcct of 
plant (studio) dcsign is signal routing and 

'A good source of additional information is the 
pamphlet "Timing Fundamentals in Color and 
Monochrome Tclcvision Systems." RCA Form 
3J5689. availablc from RCA Broadcast Systems. 
Marketing. Bldg. 2-2. Camden. NJ 08102. 
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distribution to and from all equipment. In 
ordcr to ;tccotiimoditte real situations. it is 
required that source signals must change po- 
sition from time to time. and in ordcr to 
function cfficiently and effectivcly, ;I telcvi- 
sion plant must bc flexible in terms of inputs 
and outputs. As we shall scc, the production 
switcher and thc routing switching systems 
must be considcrcd together in the overall 
plant dcsign. 

Typcs of Routing 

There arc several tncthods available to 
thc tclcvision engineer to accomplish signal 
routing. The oldest iind most obvious 
mcthod is the patch panel. With great carc to 
detail. adequate accuracy within limitations 
is obtainable. An additional panel will be 
required for audio signals. Some disadvan- 
tages of vidco and audio patch panel switch- 
ing include: cxcessivc rack spacc; slow, 
nonsynchronous switching: no possibility 
for remote or computer control; grcatcr 
chancc for operator errors: the necessity for 
large numbers of distribution amplifiers; the 
incrcascd probability of mechanical failure; 
and the unsightly cabling. 

Another mcthod of signal routing is 
passive switching. Passive switching is not 
rcconimcndcd at video frequencies unlcss 
coaxhl switches are uscd. In this casc. the 
hardware limitations are prohibitivc unless 
thc systems are very simple. A separate 
audio pancl will also bc required. 

The third and currently m o s t  popular 
method is electronic routing where all video 
and audio inputs can be electronically rout- 
ed to any or all outputs. Thcrc arc numerous 
standard production configurations avail- 
able ranging from 5 X I to grcatcr than 


