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vnificcnmbm.ﬂts could accrve to both thn pudlie s

. -ndfciu.
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. LIGATING nocun\ .
1. INTRODUCTION -
thtin‘, ' og nhout 12X of total utiorul cloctrial unm sales, conll

be uv-d by [ 3ndu11 uphc-cn: of existing luhth. with -.ru-
efficient lighting. This would amount to an annual savings of soms 220

_bnuon H.lontt-—honrl of cloctric‘lty.

l‘hmobj.euu of thn lennu Berkeley Laboratory (LBL). m.lch' Pregram
4% ‘to - assist asd ToEl 40 c::s:cu’r: wRely tho Leghting ciﬁnltr fcm‘
of -_nnufac:usfcm-. -1gmr', ‘and uuu) to achieve & e sffietent -

1> 1ighting economy. , . P

4

v

To hp.l-‘nt 1te obju:d.m,, the L3L u.;nu-. hl‘l- hu v dtvided

tionl. ,and hunn :hpu.ctl (hptcn on health sad vnlv . 5 B

We o

The' uctnlcnl progran afus t/o undceuu ressarch emd. m "

Ve estimate that approximately 50% of tha electrical emargy comsumed by

) ineo thne aajor c-tegoiiu. :oclntul n.lnulu [t ﬂnl ﬂllnue -

Jects . that | are both long-nue and high-risk snd whish the lﬁtln

1ndum has little 1nnn-: in pu'luh‘ on its ewi, but ‘zhl u.-
the

Tho' {*m; applicltion- program utudin ¢! cﬂ.eu //zh: h!rohcll[
d.ynghunc in co-“eul buildings has od ,u‘hn,,ul coeling slectri~

edmrqy requirements uvonuoupukd-nd This pregrem alse .-
_u-inu ‘ optimization strategies for Integratisg mﬁeuu
.'_’:du:l;n. ughuus !urdntc, yuzhth:. nq overall’ htuhg__.‘.m‘
'p‘uquh--tnﬁ- S - ) o

. The hp‘ctl f“og'n:l at LBL examines. uhttouupc ht-uu th wer and

the phyucu Slight:l.ng snvironaent, 1n pu-ttcnur hu i oneegy-

';-ffﬂcunt toc!*ologn- relate to buman mdﬂtr md healw. ”

of!ottl are htordilclpl:lnlry. "1m171u mm m ﬂ
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' 'cut-u: sctivities. o . -
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Sinco 1:. 1nccpuou 4n 1976, the LL. Luhdn' Program has prodncd -og.

- :hu 45, reports lnd pnbuutuu doe_ntlu .research on mbj.cn such

ae solid-state uu-:-. mnuu of m-dhcmn h-pl at high fre-
quency, daylighting svailability and computer programs, energy-efficient

fixtures, iuhth; coiml'mt-. and - visibility ‘and human produc- )
B uv!.ty. The {wternmatiosally r-coni.nd interdisciplinary staff spang

the fields of cl.hur:l.n;. physics, a ture, optouiry. and nedi-"
cine - ud 1- fuvolved in s n:uty of professional, mhucal, and :l.n-

REEY

¥ ore
./ -~

The l.uhtin. Progras coubices the !lciugiu uﬂ f.cultunof 18L with
thu of -the Un:l.n:uty of cnnfonu College of !nv:l.romnm Desi.zn

. and ‘the Scb:cl of Optometry (st Bctb]lcy) and eha CcL:o.. of !hd:l.cim {ot-

San hnd.-eo). I u fully a unlqu ptogrn not- only in the u.s., but

worldwide. The nlult- of this’ progn-. ndc cvaﬂlnble to. all, will
. euhiince the clpabiut:l.u and 10!"'!:0!- vhbilﬂ.t:y of the lighting indus—
:ry &;10 provldmg the dcai;n profpmiou and general publ:lc with needed

infomtiono .‘:s?: . At

e
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‘II. HISTORY

T A hehﬁiul'?t;gru

Dutug ‘the put fev _years, the technical ptogt- has luppou“ develey~ .

 memt in two a%m of nppuution. opmuting uc—d.lochu.'p lamps st high

hﬂumy. and mbltitnting -orgy-eﬂ‘:lcicnt tht mcn for imeffi-~
‘cleat 1ight -cnrcu. . ) /,4 ——

The H.h-ftqmcy appucafion wni cone | primarily with the solid-
otate hnut md for operating; gu\-dj.nchnrp lnpa Two ballast -
unlc”n ware clpnn to design, build, submit ‘to LL° for testing
snd ml—tion several oolid-lute ballasco. A fecility was bullt to

mesdure the seeded parameters: high frequency, pawer, asd light output. -

i M :h product- to identify any design .hortcm- that mld
lhtt their nnuution. 'mc produet- wvers then. tntod in a hrgc—.cu.‘l.o

i 4“7““- \iluch the LBL staff:. dnignod and -outorod in an operating

s

3 u.chn.o I-n apcntod at high tuqunciu. o Lo

.ma Yulldisg. These efforts identified areas for improvement; once

the 'mtl were made, another d-onltnuon wis; duj.n-d sad mooi-

tlnl D’ thy LIL staff at a Vetarsns Ad-iniltntion lhdi.cal. Cantar. In’

7 nmu. to seasuring the energy uv:le;c and providing a ‘thorough 11!6-

u"h uit _sualysis, LBL ssasured el.c:?mtic interferance 1". g
Mml- if c¢hey would .dnmly atfect oqﬂp-nt or persom
ot ntduohd that ont- ‘afficacies can be llprand by 258 snd that
htur q-lllty Lu\-.i.ution (flicker-fras) can be obtained 'I.tlr“pl-

The nbut nmuu;: ught source. s’ ﬂi “incandescent 1-, CLBL hu
‘program.te uplon qc mrgy—uuuuu lanps that can :Q.hu :n- I-p
iumluatbuii'n.n.in—d.uu- 'ﬂul.l!.mj.ethnh.ub—

" comtracted te the lcnlopcu of unnl pred.ch. concapts. Lll.‘o ‘goal.

u uuuu the mzu-aununu status of these em and’
tu mtumm-:muuim.mnm
" besn stedlad include the sdaptive cirélise, thé electrodeless lamp,. t
compest flussessent; ;h aini-astal huh.ﬂthqndul-z
I&m&hﬂlthum-‘-ﬂuomolthm”-
Mmma-—n«m“a-d

Mmut- -ourt-u:h- iu-..l_m )

2
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‘\ , ‘_ . . 4» " o - -‘ -
l.c ok tbou u' uqc have been md.nd. #nd lamp efficacies as high
54 1—- 'u: ‘tt ‘have been weasured—more chnn three timas wore c!ﬂv

o
!
1 i
i ctut thea a 100-wate incandescent I-p

m M: Mnﬁuﬂm -n/d appreciation of optimel
ceatrel of lighting are lacking in the field of lighting design

, . Im this program ares LBL"s goal his been to dct.ﬂlm .
ho' mmh  eusrgy could be-daved by -glayh‘ 4 variety of ‘comtrol.stra=
tegles end techaiques. - To this end, LIL.des two major demonstra-
tions of- m. eeutralised comtrol mt-l in lerge areas of o:ﬁ.u
bdlu'- h ﬂ- luu:loeo and New Yort ctty.f “Two lmfutmn sup—

| plul ond Mﬂﬂ the .y-t-. and LBL l!uunld the monitoring and

| deta ssquistien m m designad vu':lods cxntrhont- to - determine

the ~offestivensss of the ceatrol -cm..umof scheduling, ltumen depre- -
| clatien . suning, end mu.bun _Ia confunction with the demonstra-

| tiem, 2 semputer m -r‘.nlond ta yudtel: the mrgy uv!.ng- ‘for

| & hi.u,ln that ql.m oué or more uf th eontrol. ltntu:l“. as. aun_

\ as n m [ M llnlyul bucd on” systea cost. - -

_M Duriag th pest ﬁ.n yun thc dlyn;htinj progm has . bun\ )

\ assisting the uum duip co—mtty in dcn.loping tochl.iqu. for

‘ dayughth‘ anncnuu 1n an mrgr-coucloul environment. The program

) ucamu- & braed nm o! ptojoct -cu.vitiu. D-tailod cuntolou.-'
'edl date on cluucumtj.c-’ ‘o dayu;ht u a resource’ hnn "'been col=
loctd and’ mlyud !or usé {n. des gn . and- energy analysis. This h
ho'hl.c scquiliticu hu bnn coupled / v.lth the _development of new
dclitn techniques;: up.ehny graphic, nnlyticnl, and physfical .oddl,
so thiit a.ynghun. can be better lppn.d to satisfyisg indoor - nghun; -
- requiremsats. ' 'The combination of improved resource dstsand sew calcu- -
latien nehlquo bas allowed us to« op proeodnrn !.o‘r' estimating
~1 mmﬂmloﬂlfrmum Uchlnllnb.u.hlc
.t evaluste axisting awnd novel daylighting - ‘strategies tht are bor.h"“
ohes-seviag /z-. m:. vhea coupled with -ﬁrﬁu lighting
oontrel and windew w q!t-n. ‘These -odd. ha been epplied

’ strasegies for e—-uul huu-a

A
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Ihu hth thﬂﬂ. o!ﬂ.eun:y and uyugitiu huﬂ.t- ate cmucu. K
Stedies of uu-hrt glare  from windows amd other uu.et futuu B
! muhetmlmuﬂmhnﬂuhnﬂcum S ey
L. by , e e
moteu-an. n!«-uu, lﬂmimh-hn-hmmuc to -
the ‘1ighting ctumunity sad th mu l.- seneral thru.h the Duyu'lth.
. 3 Resverse Gester (BOC) ot L. The m purpose of the cester is to .
T L provide wp-te-dete, sesiitete, aat ebjective materials’ ‘atd dats to ssetst
' design profestionals ia electisg the best and most. cost-affactive day-
- ughu-. stztegisa. o ;
i . N N o .
Etia -d VM_M_ m-, contrast, end - -:I.u are the -
“three primary ;aemu that- affect vlllbulty of pr:lnt. w. dulmd an )
.expoﬁ-nt that wis enique 1n tht it studied how all three. factors. - .
i;ptcmt to lffoe: tuung pcrtor-m ’ . P )

e - CL e . y / N

In thlm cxpunnt. nomll; luht.d nton:c nbj.ctl 17 to 34 yurl

/ old wars tested. on thoir rudln; performance in s nritty of . h-inou
\mixo_uu. The _reading material vas’ black and white priut, présented

w v at thuq.con:rut levels (o 97, 0.64, and 0.17) and -uu the hacl:.:oua
lnium taligﬁ; ,fro- 3 ‘to 1600 und,lh por square ntor. i

Ho dwiud mrd qhnrtl on Mch tho rim: liu rmd from 20 poinn :o )
2 po:l.n:l An lyu:-ntie prognuion- \M uch .ubjoc: s dats’ was nor-
u.li#.d to his own uxilnﬂ, _a mprili& gmt‘l pletux'i u.rgul. . max=

. tu‘din; efficliency’ n- obtained 'hn th. pr:ln: uu was approxi- RS
ma y :ht« :hu ht..r than thrubold nu, iulopandm: of 1-1-“ o
llﬂ.’ﬂﬂl conttuf lo' u 10 v.:tll-2 ull 17z, rup.etinly. 11:1. rc.dt LU

is lrlqtly applicable to luhtin; duun. -lueh hu :rul:l.tlouuy
-truud ,ulhtili‘ guntity,nthr than. task uernn:“ &' -\

i taibiliey sed sad Productivity: mu& the 3 past 15 years, nuq- au-.u E .
have beea /ndc to apply hbontory -e-u.. of v.l.ou.l. pcrhn-u te . Se
u;uu-. requirenénts for real work ‘suvirommeats. Attempts - ts apely - R
ressarch to cost/benefit decisions and to um the vu-x . .

wilnthuy uuu.:d m —n- M
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The puu- tn futtlut o.mcrbucd when new cnctgy—n!nchnt light '.>'
.; sowrces atc/m:odue.d. especially in environments uh.n vhunl display '

toniull“ and other co-yuter /Qquimnt afe used and uhcrc there is &

.strong eon-olau.on botvicn v!.cunl productivity and speed ana uccuncy.

. 2

During the pu't'fcw'yian we lun reviewed rlhe' v'u.ud:lt! of thn ‘works

’ that purport co ‘rela c vﬂ.lul performance and productidty. The n:ious
modals of how ugbtiu n!!oen vision and vuuu pnfor-nco have been

studied. Purtht sesrch - is £y to, prod a series of valid

-od.l- uuful !or cpplicltion,- 'lpoehll)?' when decisions on cost-

of!octimu aust be nade..

’ Th:l- h::ot effort hu been upecuuy h-lpful in dec!.d:l.ng vhl: fnrt‘lut )

laboutory oxpcti.llnt. nud to be undertaken. It has also bnn lulpful

-A in determining what kind. of field I‘lllll'll.ntl are nesded to ansurs that
"the lsboratory studi /“ vill ptov:l.de uuful !:l.old nppucntipu. An exaw~

plo of a «uuu‘ch/&incnon -uuutcd by our’ mlyu.c pto.r- is a ltndy
undomy‘at thn U.Ce School of 0ptoutry whieb t.ht.l vilul !nti;u [ 14

- visusl dilphy t.miuh to .nvimmul luhting

A ﬁurthnt .ft‘ott in mlysin; vi.ul pctfomnc. and px'odueuvity vag. s

. h-dopch ctitique of the work of the International Commission on ught-

:l.n‘ (CIE), repmuntqi by the docu-lnt CIE 19/2' - The critquc pointed out

inndoquncies, imouutouu;. aress vhere furt.h.r resaarch 1€ nondcd,
L and pouiblc appuc&;ion- for colclbmeﬂ: deciaions. . B :

A

N
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L. summxyov THE 1981/1962 PROGRAMS . - e

For the 1981/1982 fisc&l yeu, thq ‘I.cl'niel.l ogt is ~conclmd pti-
mrﬂy with developtng an understanding of nev concepts for comrung
electrical .ncrgy ‘into vil!.ble ught. Arsas of interest !.uclulo mechen-
1sus for . uducing the ultuviolct ulg-ablorptton in gu—unhlm
Jlmpe. making use of ptoceue. snch a8 -crcury isotope tnrl.chnt, ug-
‘netic are lprudtng, und enh.nccd 3u uxtutuo In nddtuqu, the uatcli

* for h:lgh—fnqunm:y rmges of optim. excitatiom of the ‘Plasma gu holdc

the prol:lu of more uluble and 1nupensive electron!,ca os well as note -

efﬂcient converston of enetgy into Iighte Coe s

s

he Mld:l.n! | Applications Progt- dur:lng‘l981ll982 #111 concentrate on

ressarch that 1111 provide the lighung community with l:oola for uuu=
ing the bmﬂ.:l achTtv;ble through systeaatic appncatirm of d-ylightv
fog ntu:ui.u and onuu. bnildtng ayatm optinization. In particu=

- log, new cnpuut: @odclm and a recently eonpleted utiflcial sky will be

used to lo_tmhe the energy and load management potqnuua of daylight-

 fng strstegles. - Analysis of daylight ‘availsbility datsa will be

axtunded hl &ggntuw.on optimization -:u‘uu ‘'will examine the effect
<} 4 euyunuu ] ounll thermal potfomnce and peak loads. Field

: ﬁd’ulm 8% deslighting yavtn;s !.n ce-erchl buildings will be und-r- )

alsc be’ cirrhd out to show the effoct of 1lighting =
‘cuvings, ghre rcductlon, sun control, vid.bﬂity, ’

"nium{» M.iun w233

costrole ‘Ei.: DBy

C o

. aad. sasthatics. ' ) ; . N

~'_ 1

’ The ?lml hpcu Progras during 1981/1932 fotuun \ptilltily on - utab— )

Zisking those Liz‘htlu cond!.uonl that cnbncc prodnctid:y in a cost-
affictive weune. Ie- wﬂ..t also ascertain, -ny undersirable vi-unl

@ffects, luch &3 azceulve fntign- nuoch:ed with the ulrof -odcrn

uffice oqirlp-nt @pai'ating in an ldvmccd ltlhuu cnvn'o-mt.

/

rbe linlth Ilpac:s Pro.u- u:undl tlu ﬂ.urch on uuﬂcul llghung

’ w e wider. chu of husan acuvluu. Here conditions can be utiod
"”a-d nnuubj.cun x'uyonus to ligh::l.n; can bc I‘u‘d by .-d.dn

&

mdicd. instrusents. -

a5
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V. 'TRCEIICAL PROCRAY

&7 B&rmﬂffﬂciebt Lﬂgﬁtt So’mrcoo

Objcc:!.ve. w :lmp‘.rcvc u’.he euergy—cffilcﬂemcy of' guc—diecharge leapo by
hprcving t e conn:uon of electx:lcal energy to viaib]!.e Iight.

>

) Bag‘goun&. W‘.aﬂble Mghz from gac=aﬂscharge laopo (fluorescem:, HID,

HPS, . .tce) uquires “that inconing electrical pdvor Ee Converted to UV

' eadiation L7 the excftation of tho caelocad voreury vapor. “Visiblo

lght' 16, pzoduced chen ‘tha UV cmedtes tho phiodphoro lindng the glaoo.
. ‘ e

envelogc. . . - : ; o -

[ . . . . . -

The ],amp indeatey lzo c:c:cc::zmttcdl ito o.ffmrto to plrodu.ce core cfficledt

light ‘sourges ot -fusther cm:fi!.ming phoophor cniostons to the yellmF b

areen upect:ral ugiom whmre Ltlhe hmnan eye hao 1 greatemt lwvinous oene
uuvityu Leclmj.csl ﬂmprove‘.ﬁﬂnzu ‘on thc order of 5% have beem obtained.

Ehnver,,f E,J:h gfcan;ote ﬂmpn'wementc in energy cfficiency could Be

) lchiﬁld by ﬂ\:cz\.aeirﬂg zh_ UV padiation that impimges upon the phoaphor.
‘Realfzing chio rmcaibillﬂ.ty taquires zeducing the self—absorption or

antrapenc of tha U‘V by the excited gan (plasna). -Several mechanisms

) Zould decrcaca ca]].f-=absorption If} 1nc:eas:ln3 the number of noninteracc—

‘GQBBH Methsdo include varying the mercury 1so:ope mixture, adding other -

‘ eleceric £icld’ Ecaouanceo :dth che plam at high frequcncies.

log . euem Lovels that participate in the radiatinn and abnorption pro-

exief table guucs (halogens), »anu‘i apply:lng ex:ernal ugnet:lc ﬁ.elds bor the

‘Effielency esuld pessibly be improved 10 to 151 with thege uchnnisns,

Bok qmtifﬂwtﬂw tequires an expetinencal progzan designed to d:lreccly

' meagure ghoca efficiency changes. :

O o

" Because of EEI" lcng~=teﬁn and high-tisk nnwre oi:' this ld.nd of reuarch,‘

“the lamp irdustey Ihn had 1:|.t|:1¢ 1n:euu iu purauing it. th.u :lndus-
try uhoﬂed c:me interest, the ‘nugmnt of the cc-pa,uy ‘sgught govem—‘ )

unt fnuds m undcrr.lke :he prognl w!.:h 1nurnn1 RAD progrm

Gcncnl Am!r ch' Silﬂlritiel in megsurement l:eclmiquu and upu'iun-

tal - satup nll.on ut. zg 1nvu|:1;-te r.ho four lechani.-n dncribcd lbon

‘x . N B . v e
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" B, Adnnced‘ Lighting Systems .

in. a"'ur:led of‘:cioiely related tasks.

ﬂu qplbility of. conttouing gu plruluttL cl:hode volun, nnd docn'-

A_ :lca.l nve " shapes as n;u as perfor-.ing u:cun:c .f!iucy ﬁmr.nto

w!.:h ; “scnochrometer and :l.nngn:ing apbc:c painits a thorough and pu—
ciu deteraination ot/tﬁ effactu of pmpoud changes. ' R

/7 -
An inporunt object. of the isotope enrichment research 1is aho to inves—
t:l;ltc poniblc cout-efftctive proe.uus for upu:ttin. th- neCessary

iaotopc froa mtmuy occurring nercury- Bauuu of ‘thelr long

Viuvolvacnt m hotope cbuistry, the LEL staff has the expartise naces—
'nty to contribu:e to the teclmical uucceu of .this effort.

/

5

) ’bject:l : To detemiﬁé the optimum operating range tha new hijh—
‘frequency lﬂghting ays:au -and determine the bas . r improved
eff:lc‘cy, also to address other technical ilma that affact their

. roIe in lightiug applical:ion- (e.g., ‘the EMI questicr).

) Blckgound: "“he DOE program fosqared the de‘nlop-cnt of th-’ ‘solid-stata
'bauut thig improved the 'off:lcacy of gas—-discharge lasmps hy operatiag

* niking it myracticll to consid-r nppucntim which tabe sivaatage of
. these higber ftequencies- ’ Com—

thel at h!.gh frequenciec (20 to 30 lr.Ez) The choice of the Tange of

£;equenc1ea 16 “based . upon early’ Bessuresents on lov-fn—nw

J_dhchnrge lmp- which indicated that most of _the efficaey w
_was obtained by opent:lng at .10 kMs _and that il afficacy gatn

occurred abovo z:hne. However, it was desirshle te v,ul-t s . ‘frequency

»above .the human audible range, and 20 to 30 kilz wse selected. Although
‘further - eff1¢acy mprovelen:l are pouihlc abovd 10 ce 30 kils, the

preult pouersvicching p:nnd.aton becoma ineffisient sheve this reuge,-

I.BL has bun emu:.ng the .mu.ng cuuctmbua’“ aad geseral parfec-

mance of 1owr— and high—prellurl gas-discharge lamps onnth. at high

",'lfthmncy- mrw pteviou work in this srea has exsmised 1-. -l.y
Lo up - to *cqulhcy of 10 kBz, LBL vill uuu its whasuremsuts wp t8 IQ
_ kHz. hlvcfomd tutlm:mﬂm-uym-‘m-d

-
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ctzuld Ls '*n:ﬂlll }lc:a clova MI@ RL“ IE tho otarting amﬂ eporatiog vols.
cagcs ote mﬂa:a.’l, tha o ‘.‘me.ﬁty fatatd] cost=effect:1v1nﬂco of tho 7 golid-
GLESo tst L\,\LJL l’.a " grectly ﬂt:prcvc:l. Lz:x[p Mfc w1l be cztcmdcd

lasp .,mc: d"tpuml fca n:m, t2 dcercacad, - cnd the blocking voitugc N

E"‘"dﬂflﬂﬁ i U‘ Lha .'ﬁi fcaczeale  esoponents (c.gn, ¢gho capacircorc and

femvmrd ruunn LQ‘EQG Lll]l By Ecdu:cd. ] Theco ﬂqyrdvc:mtu will
ﬂ:”rum hauut effﬂaﬂcr:.,y S to 10};. t‘)]h:llc‘th. oolidéutﬁtc ballzmt‘ io
\E e!ﬂcunb 4n et‘cnofoming imumt povor e the high-froquomey
lh:_‘J L‘awr, Jln: vﬂ.Jll be?pn:xaﬂ.blc to achilave ballast cffieicneies of 952.

If. Etm expected mc-u)lmo ara obzaiacd, and the intzincie high-frequoeey

tdeofie 4o conbﬂneﬂ ckth rcdm:tionn ia ntmrtcing volmgc, significont
cvomﬂl increaseo ﬂm offﬁcc.y (10 to 152) con be rcaJliL.,cd above 30 KBz.

F:U hﬂcﬂn—fzeqmmy POuRE oupplics and’ cmzc cc:pon._mto vﬁll cventunlly b

availlablc ka hmnsfom tho 60=Hz povor - rr:o ghe h:llglh"zr froqucnciten (abova
30 BE) Inﬂuotry 1o dcxv\.lcpﬁnﬂ [4iike] pnr\ﬁficld cffccﬁ: tfannintor (I’EA)
nm'll amrphouo Dagnnﬁ:ic [-4dide] mﬁ:crﬂnlo wcqumed for highcrafthpsncy bal-

R lnctn. [ge/s] vilJI. ‘eomaﬂ.clcrf thic &cvclorﬂnt vork wvhoen doternindmg hovu to”

o

Electronagnotic intorforcnec raddotion 15 of concern to cod=uooEs. oot

~.of - thege ?:*encorﬁc nrﬂ.bc fran lock of cuporicomtal infernsticn. LBL cod
" loéd tha cffortrto qbtﬂim thic daforcneicn for induotty oo well ac for
' c@meemedl gavem:anr: ugcncﬂ.en du> ¢o, 1to oozabliohod az:p‘_rﬁlcnco el tha

high=-frequency opmra(:lom of ].DEI[JUo, The rajer Ltcehmical pﬁoblea lih:_

the far=Flald FCC requiﬁ-m\to. szthc EUOEA, a neehczﬂology puoe  be
develpped to deternioo aear=£fold eEfEccrm upsa olcetronie cquipcﬂmt and

fa&bfieldl cffecto vhtom nagy EZIa[;enﬂmting oyotcao -are in wuse. . Thio )
i t-srlr. will bc cha bagic for coc:nbuahﬁng tho potaontial colleceive effectu

of “the veEy hi"h—frcqu,.ncy oystceao. ﬂ.f mhey\ Beeeac co:cnplace. .

B
i

"ﬁ*a nghtﬁ.ug ﬂ.mduuwy hnu mﬁ ceda hﬂ.gh=fﬁcqucncy t:"'am\uurc;entn available.

w¥an u:lmugh ghe DOS mmg:rc.:: hea ohoun chao . vmbuity of tho bhigh=
Ernqmcy molﬂ.mmmea Galleag.. Udehscl Tmnvﬂ.ag ehr leved - of EHI,

s’
iy

Sl

coloet th_ optinum opamﬁ:ﬂlmg Efcqv;gcmcy for the lomp snd ballast syotcde

a

ch.,_nﬂng trocsfarize) il b Ecﬂucﬂ- ”‘u& ¢ uvill redice co
ponent. cale ﬂum ﬂmres;sﬂ.ng tmunlsmr ovizching cffiedency, oinec-ito

) cstublﬂnhimg reliable u_mr-=fiLcJ!.d EI concugernonts ard mlatmg th,.: to.



_tiom, EDL hao a pv::e [oblips

-1t = N

deoignors are rcotricged te the £requepeica in thc:lOU;f kL2 fcgidﬁ,jcnﬂ
ghe nerc Eccnr&ﬂng arean TWHILT zeonda undovelopod.  Thio copeelnily
ﬂnpacto the ccnllbr dcvﬁlop"ﬁmt groups- that do- ‘mog have the o £tica,
cquip: me 5 om fﬁmamcco to ofudy thoce pocemtial nﬂgatﬂvc inp_cto..

th fcgard to BII, the Pedoral Cc:::nﬂcationo Cc:ﬁiﬁoicm épd * Hotlonal
Eicéiricql'-Mﬂnufcctufcro Ascozatied have -atrocsly roecmoonded that LDL

pnrtﬂciyntc ia eolﬂccgiﬂs data en ghe Eﬁl'gcﬂcfa@eﬂ by colid-otate bal-
laggcd ayﬂtcaau Whdle €he lepger £imco, 4F thoy orc dmtereotéd dn oup= .

plying ﬂolid-atatc bnllbota hove  the. da-houoe ozporeise 26 cddreas
thooe pzoblcas, a. rech ¢o carlee ‘cay’vell pzcbm".]!.3 cﬂla:ﬂuﬁ Waarly
dcoﬂgmbd' colid-ozoee " ballases to Lo ﬂntrqduscd, ehoraby .cdvorcaly
offccmimg ‘hnir' acccpzoucé; Beeauge  LBL héo kﬁﬁwﬂcdné’of cony elreuvdt
deodgms, it 4o 1o a Laﬂquc poaﬂtiom-to offor prcaczirzicaa oz reoduedng
gt 21X, levelo ﬂnrchﬂ clzecult,- Dhﬂch ic tho pmofcrrbd neehsd, olree it

.Zc uoLally the coat cffcetivo nnd lcact costly. To dato, IDL, ghreugn

gho BOB pEogmnuoD ic the saly grouwp that koo TOLSE&”L o C"Q”“E_ﬂl:fl

lcvo;g £or- oz$0tim5 higlpfrcqunncy 8ystcs to poneral rgglﬂ"

it E:ulﬂ-L:sc 228

Arnductzy eollcetod thé ﬂﬂforcntﬂanacany Lols
ot Bo rolc:c“d L:iQCg ﬂt ©ao favordblc, !

-
E

ita c:cjibﬂnlcy voeld

bo apen to queotica.

Géﬂgzal ApErc:ah (Uﬁnh=§fc§ucz:‘ Lronad:
leet ond” cocoes data en tho paBfoms

froquocsidé. o cledy ul A dgslela
colid=oedee Lnlgc,L [einelsuls]
Ly L

déczheorge Loz ol fo
crot-be declipnsd ¢o
a

2del dndefal poculto indfcate coy Lo of feo

° v

“f egatedvezcy Cov c2lote oUcT v“ﬂhrgs 133 ¢zl DEp leooo coo goud offfon

efcee wizo k cecd oz h2ch C::;gaszjs In 4% o catetifshing ¢

“C:“J az hAnh frequeney, tha dato vill determics

1

¢

-ghe. eendieleds ebot Icad go cpedouy loop oporctici. A fuld: repoet will - -
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‘Geogmal Anpresaly (DR

ratToooamanie’ CIogorforheea): Oze dooue that  hao

pczeazly cofcca. L0

o

uiieh coteznoh
o p:::,‘j,:':
deetedy L C_J )

cadelo ol

cooil SLLa L

caditica), cedoleo GIil Lo
of ogray 1T 4czi0n Toadlas “oe =

o8 of eha cc:cmeﬂm of DI Lﬁich could ipecrforc
2fcoa ezd cthem c*qaﬂ.rﬂmz vithﬂ.m o, building.

el otes

23 of 1iheirs oguipsodk. Frono this data, coopuece
J. ko dotemime the otray raﬂiution thae wil?

. - " . \
Lol siTon ol buldddonn and ecu ;r::lﬂ:.lcm
4

dovalopzd EOE aascccmg thﬁ extent ‘and ef,fcct'

coed vith coacuring BT (—Ecﬂiatcd;and cc_m=='
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V. BUILDINGS APELICATIONS FROCRAY %

A. Lﬂ.ghtéﬂ:g rSysecag. Em&cgmtﬂc:\ i . . . :

@

bjectﬁre. To dletcmilmﬂ eho op?.ﬂ.cr_) cnetﬁgrc@fﬂcﬂ.cnt, cost-affective
lighting designo. tmt ead bc cchicvcﬂ by vadeg tha aﬁvamed 1lighting I

h n:echnoloéies and- canmr@l cyﬂte:m vhich oMqud T:o avsﬂlab]le 1o 1990.

P

Bacl_:E Kightﬂ.ng ﬂesﬂ.gn*lrs d.'cva]lm thelr cyate:a cs:ceptc based upsa
traditionll conponﬁmﬁ: pau'to- ‘"i:ua, M re 'J.[LECO @81y yERTQ cf.’tzr fofedal

. oarket 1nttnductiqn for vou ligheing prodeeto, o ﬂ_auy for rew budld= -
11ngc (e@., . cmeﬁgya\{:ffﬂcicmt oyatm), ro achlicvo widespzoad _ulle. Tha* ‘
tznw e]lemts are oftom mcom_mmtedl 1] o canaer that redcces performsnce -
bccauue théy munt fie oJln’Lclr e(mponcml:o oE Cy3tems. m‘l.‘o, I:’”E addi:ions

cennog uuuuny be: dooﬂ.gned for mﬂz:ix:m pazfomnne.' In omez rb effi- N

clenely meet' eur futmrc M\gh&mg n.edo, it 1o cauentﬂ.al £o ‘exemine
lighting dlesigna that Uill optﬂ.mi\ly ﬂ.ncompo)mtc *gha . cnefgyhefficlent(
rmdluatﬂ that ohould be ovailoble, 11: 1990. Thio otudy will determins
tho detaned interdopondcnec acong 1ﬂ.gha;ing; conponents. The results
+All give iudumtty a guide to pcﬁfomance chnngéa that coﬁld j.:l]:tc'.nn:~

i coza’ otandord coapoacnto s uwell ac indicqte which energreffic:lent

_ +iighting compolnermtu vill hove oo exccnded markee 1ifc. . More !.npor=

toutly, it @ill givo deodgnero a tcurget for the power and cpergy densi- : .

tles.. It will aooice’ \fedlera\i, otate, and locel agencies in plannll‘lg.
.. fucuze (f‘)‘!b) Ughelng cazpeé:tationo .EOr retrofit amd nev constructicn.

T
Opn:i-m: use of enomgy—cfﬁcient deoﬂ.gn, technologies, and controls
chould provide deslzdd’ lﬂ.ghtimg levelc at cohaiderably reduced' lightin;
power levels. We ahsum b GblL to reduce the current nationgl average

1o office imildings of 9.5 dntts per square foot to 1.5 watts per square

foot—a-savings of tvo watts per square foot. If one-half of ‘the 40 -
billiom: squaro feet of #L1 commercial space shifted to energy-effictent. :

Vlightimg systemes an:‘l Ware uvlns two vatts _per square foot ‘by 1990,

approziutelyw 40 gﬂ\,avatta of power, or 10T of the national genentlng
cnpacity, wuldl te caved. :
chru eng : In owu- to aeb.uu thc ‘progran”s goal, tntefal . pro~
jects will % coliscting amd compiling data om the performence of
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currer‘xt and dovelopmrntal lfghting pzodﬁcto ond conceptse. The four .

'ujbt areas are ccmttols, ballasts lnnps. and fizturea. By studying

the data:l.lu of their perfomnce and’ charartetiatics, ve vill detemin.e
their potantial- a' colponantu in an- optin.lly conceived aystem. A

,nport will he prepated For.each area of :!.ntetest agd fer the system 1n' '

which' 1it” wguld bo wced. ALl ﬂ:ﬂ:a infomatiqn will bo stored im a com=

" puter file. : ] .

Fouowlus tho abgva ﬂtu.’iy, an s.deailﬂnc:i gemi’auscrl 1lighting duignﬂ{; E
will be developed bued upon several “gypleal® designs for offices,
pun:-. warehouses, and gchools for anbiem:, cask, ond ambiet-task aya=
teas. The design concepts vill- adhere to the lighting pncucu Eecw»

~mended by IRS ¢o provide the necessary quantity and qualiey of ilivming=
. tiom. 'rrpi.call designs -will be pmgramed to permit both optinizing per=

formance and nﬂnmizmg comectcd load amd cnergy ctmmmptim. Theo pro=

’ _srll wnl izzoEporate rm ceonomic analysfo for tha Mghtkg Bystea o

well as for tha operation of the building as vhole.

N

. The program chwla be ficzible cmough go apply ea othar lighedng ccctrm?o e

B. Dhyl:lgh&img N

such as outdomf and rooidemtial oiteo.

' bjective. To - rmvg;ip tho technical baoﬂ.o Eoz dezemﬁnﬁng potential day-

S

. ises substantinl electucnl anergy uvlnsl as nll\u reductions in paak
‘clectrical derend while umtaining or hproving vltunl performance. -

light euergy aed load monngemeat sovings, ccmniateat with reductions in
HVAC zequl.w_z_:,tm.3 uikrlilec oodatnfoing or fmproving productivity and
visual qualfey. = . . R . Ty .

Daekg'ound B"Ee‘,eﬂ.ve uo of dnyughtins in c_tchl butldinll pro- -

Unfortunately, duynghun; dnign -u:u- are largely unknovn or unprace ,\\\\
: "

_‘ticed by today”s ptofculoul dnimtm who were educated and trained a T

in a pezloﬂ in Hhit;h\i:hup electzlc:lty was the dominant light source.
}.‘hiﬂ lnck of pi;ofanionnl trlln:lng, "the lnck of clieot l.ntctu:, and
0thez technical and nnnuchﬁlcal ¢volu:.lonu'y forces in bulldinz dulgn\
do-btu.d to - remove dnyughtiu as a u,;uua-: dnin concers dutipt N
t:hc -past forty yuns Scurd. major related c!foru are reguired ‘to

3

v
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Zeverse thesc Crenio. FPiEset,: " mtologicd -tudin are nocuury, ;o
) clubl';uh the availability of tL\ dayu:bt Tesource. SCCOM, hprond
dayligbt 111m1unce models must b dtvclopcd to prcdlct i,utcrior day-
1light 11luminance for ltnl:e-o!-thc-nrt arch:ltnetuul dnim under clur

* lky and - sunlie conditions. Third, improved buudhg on; r.y analysis

,nodcln sre needed to prodtct energy and load sanagement pot.utiah in
co-rcul butldings. ?aurcb,.expcduntnl valtdation of 2) and 3)
) ubou are nccuunry to varify that the models properly predice opuuu

,cbaucuruttcs and @il of the significant _energy 1ntcrnut£onh1pa.

“ 'Pinally, rald.ca asay L" cmﬂ.ceteﬂ €o. tl!m nppropﬂate &eni;n profes=

uouh o

%cncnl égg aehe Dupleg ebo 190&/1982 parlod, uuylﬁghuv:u effozee will
be dlroc:cd msmfae ”

1. contimﬂlcg tha dovelopzcnt of & m;eilonal dayMght nvullbuily dste
. base thot peevidbo infoma«;}on for desigﬂ and cnor;y analysie.
-Badiation med 1lluminstion data have beem collected for three years
in Sem Frgrmciccd and - axa be’ing-ﬁeed to validate models t cae

. gemerate o daylight ovatlebility data base. . ~

( ey o T

2. ‘Continutng the dovolopmcnt of methods for deterafning the tpsct af
o ﬂayngﬁein\,‘ on imtordor 1lluminstion requirements. Thase metheds

//' . ﬂnclude geophle, computational, and. physical lodlll-: ™™o mc-

TE 15 o oi.npih nodel for use by architectl, sngingers, dad lu’lt—

!

: / . ’})lzkutienal zodels have been developgd and are bein; I:utd. IcK-

N Ve ing desigmers with a progranable calculator. SUPEELITE {a a/

e powerful ncv miin-frame co-puter model - that csa . predict ay;uu
< R4 . illuminapco im geonet:iuuy complex rooms, even acconting/!or the
affccts of cunlit shnding devices-. o

3. Dcvelopimg analytic procedu:u for dctarlinina th clutriul
‘enu'gy azvings im dnyl:l.t buildings. 3-2 has bnn -o(uucd to
{include both a simpliffed and detailed daylighting ‘modal. These
modals, *will be v.u.d-:.d -and used for punu;uc p.r!omacn ste=
dies. . . |

[P
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?161
§. Aasesaing the potential of épupun."‘ daylighting with controls of
" artifictal 1ghting for 1oad management and sssessing tha impact on

. pesk loade of both buildiags sad utilities. - In seay buildings,
’ loul mt ommutlu WAy DProve moTe nnﬂtcn: than
norn mf--. bnnt. the thermal impact of fcm:utxn mues

)u e-t“ou‘ alol. vith thc Mgltiu outu uﬂa:.-

LA ll-hllg tho nhun-htp batween nyugktiq sLTSLEgIEY . &
u.plt-n for glare colm:l ub-chr coateel, walng e
w.nry ssd fleld techmiques. m-. ntuﬂu Bre sesentisl gl

: "qupir _ndi.u‘oi masagement can iIncrease t_.!il.a! C ompumpt 1 64
'.“'H":l'm and cnoling. e nddtl':zonzg dlacussion o Sectiem VI 05

3t

Sastenl 5 Fri eiv; op:iull. Eecu:u:l{in‘ aces that ,c;"uu.c‘ ta

“o CTHpEte? cnd other apalytical toslo ',fot fleld measure-
d4315%° envirooments. This 4o being ocecomplished ueing

C:ilcells, cho oreifiedal oky, end nmeasurements in real

LS RY 1 E

P v

Cemilne 03 LBars operat:l.on as o national resource center that mnkes

,,rnu wle ttchucal data, del!.gn tools, and other: 1nfomtiou t:hat

" basas hava been dculoped. C ' ,

C. mxung Energy Op:m:ation - .

: bEcti ve: To fmprove undenunding of the net energy porfpmm and =

' load sanagemsnt potentials in dnyllt buildings, this un? lundiu to

utvn u tho basis for mdolinu for optinixing onnn ding olngy .

. utﬂizntion. . N ,ﬂ'

14

uggound Any uudy of enu-gy utﬂ:l.uton in co-rchl uuuq- nuat
‘addrass th- umnmiunupa amoug n.tiou amargy nm An —iorv
ntanl!n; bf the net snergy p-rfonncn of daylullun nttlu‘uo id

. F -
.. . . .
. o . . IR

3

1to ‘the 1ighting co-unity for design, cost analyu:l.s, ami
aa'lthll:ﬁ;s. A variety of resource materials and co-pxu:er:l.zed data
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stffciont dv 1:1'1(‘. 'Iuhth‘ Iystams it uel-u not od.y dirvect u.n—
ing m sxviogs but also the u'ut os eversll builiing emesgy cos—
ot lee sad pul load charsctoristics, iucluding h“;h. and cooling
mm nr!ouucc. Although dnyuaﬁ.q .!fon nucuduu te oigni-
“"ﬁunuly improve the emergy .ﬂuuur of b-nu-w .lm design
_esalyeis may iacresse hyatisg aad seslieg leads te the poiat that they
ucqu u.mu n.m mu.. L tmdmn l.l u ulphulr wader=

wmtly )nuet ‘zsal sestRy seviegh -.nw -u-u of uuu-;
COATRY nﬂon‘o are Toquioed M P m B AW nr-uu varin
uou of -r;y e With rlhiwie v isosof sodr, tul/ﬂq typa, glaslng
type,  glazisg ares, c-iuu—n L g seef!iset,. and visible

" tramemittemce. The uee of mw.m‘ "wemel ol bia-coutrel systens end’

cpersble shading systons forrher compliiniee Pbe g:a-!L- Dus te the
~ complexity sud- tnterrelatiomshise ot 8¢ wasiyy !loee gt ts lu-ury ts
provide field vaitdation cf sualsyticsl vemiiy at savaral ufhnlt. law=
elsa .

\ﬁr

M m oach: We uuly chm optinization problem frem thres pup&-

tives. Largé iu!ldnrcum lu!nu sodels are pewarful teels for =

bmtiemy studying the enargy and load u,uuuu- of m- is
‘ building duunv and operation. We utilise nu-z.l a8 3!& peinsry
analysis model for dur optimizaticn studies. D-in the J.u: three
years ve have zade & ousber of modificstions to the ctnlord opetatisg

versiop to 1m:orporue nev femsstration dlorithl that allew ws to -

- hatfer model the thermsl and dnyugh_:m aspacts of glasing nmn-u

B ‘-np‘nuu daylighting model for DOE-2 was developed in 196C sad hee :

'bncu usad cxunninly in opth!.ntlon studiss. & muu

model has been developed and is undcrgoin; validatioa. The pecfovasace -

of & brud .range of glazing p.-nrull hn _been mt-nttuny studied 12 o

thru u.nrn cu-n-. with |dd1uo /q:udtu now in progrees. ﬂuo
ll:udiu will help un undcuund :b- colplox ourp-nhtd !-:um of
vindows as well u {dantifying opt:l-l -tnu;iu for sach cnut..
ozluu:lpn. and building type. ). . -

r

A u,coul; and Ico-plnonnry', approsch to a.n-.lytlc'ul'-uhnn 1s te cel-

lect detailed exparimeuntal data” to verify model predictioss. We' have
. ]

&
4%
N

FEA '

i
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-4 secend, and Complewentsry, l;p!ﬂlch to analytical modeling h to col-
5 Jeet dotailed tnuhnul ‘data to varify model prcdlctzon-. We have
.duuul ani sre u-:ncun. o uvatqus funtuu.on test f-cuny vhich
_ will allew, for the firet time; direct mpasurement of the net etergy
) mhm {thm and:. dayligich.) of fcul:nuon mt-:, . The:
Mobile m Tharsal e, (Ib!ﬂ.'l.'!) facility consists of two !:ldo-by-
side, n.uy tut!—xu teot chembers and ‘ia duimd to test vi.ndon

and tyluhu outdoors wadir verying cuuro-npul conditions’ 'rh,e,
facilicy cam bas ud tﬂg“.n net ensrgy- flows u:rou s glazing sys—-

', tem, or, more eigaificantly, the nst esergy c_ouu-puon,of the ch-bnj

‘a8 it eisdlates & room in' & hntlding. The thermal effects of ”ﬂghtﬂ.ﬂé"

enargy énsupucm nnd dnyughtingx uv:!.:us can ko measured in thie
!.ei.uty.

; o~

l'h- firal cerspective cn cptimsl energy ptrtom.ngc gs chat of the
uctun.‘l. Imﬂ.dxm,, including mot only design &nd comstruction, ‘but allo
- oparatfion. Mlny dui:n aellzann ‘hisge upon assumptions about the

' manner in uh!leh zeal buﬂdl.n.l cm utiu:d, nmpum which frg‘-‘
quantly turn aut to be F.nnccunte- . For this :-loa. although it is -
costly and’ eiu-conluhc., ic {» {nportamt to msasure lctul buudiu'

»ﬂp!tfotllnce to lears more nun: anarg? use &ad load proﬂ.lu. Limfced
data on several wluun m Meta collected durimg the past. five
yun. We vill ullrge this imfted fats base with esw data from our
own field® chuau.':n pﬂk\ﬂ-n LLI et | 'hr,t.u: ¢ crher Ecm:ch g:joups.

-
- <

-y

.

-t
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.

A. ughting and Visual Perfomancé

X bjective' To determine the relationship ‘between env.{romental 1igbt1ug

and visual htigue for cperacora oﬁ vil.sual display terminals (VDTs).

i

- i

' Background: Users of video disphy teminlla (VD‘I‘e) cm-only co-pl&!i of

s variety of synpto-n/which can be grcuped .under the halding of “eyes- -

train® or “visual faiigue."_‘l)iqqufort may I?e adccnplnigd by a tem—
- porarily impaired ability to perfora the VDT task, snd the symptoms may

continue for hours after. VDT use. Users, employers, and equipment

3 .‘nlnuélctutets could _benefit frdi e.li.\un-ting this problem.

Im an u:parinental approsch to thils problen, one could idully, uuute
"f;tigun dur:lng perfonunee of a VDT task, and vary di-phy pan-.t:eu
and’ lighting cond:lt:lons An sn ‘atteapt to nin:l.mize thu fatigue This
appro;ch is mpfuu.cal hov@ver, because fatigue is not Tesdily qulnt:l—
fied And neasufgd, or éven defined. Thus researchers aust make assump-

' eilons about i!hﬂ.ch reasorable vilunl functions may be correlited to cub-

jecc:lve visual fatigue, and: :hen construct an operaticm%ofinition of
ffutisue In torms of thend parneters. Through experllentat:lon. ‘one
night then be able te 1dent£fy certnin t-poury unaory or notol: dcﬁ-
eits or abnomalitilas which cornlat:e with subjective. facigue and/or
reduced parformce. It cil{ then be determined which propg;ttu of the
ntinquu produce these schanges in visual funct:ion. Ideally, one could
than\nke appropr:lnte chnng* in the dilpl,q hardware or task lightitg

. and th.hby reduce or eulinnto subjective fatigus, at which point the

mltiute gonl of\thil typc .of nmrch will have bun urvad. B

s 2% \ 4— . : .
Gcnnul AEEt K Hrnt ve wvill obuin measures of pu'tomncc, uuuru ’

of -the parsmeters \o! visual fmction, and subjective reports; ;of visval
fatigus - for sessions in wvhich a taisk s pcr!?r-.d on & video display
_unit and c&pnu these to -data for seseions {n which the seme cask u
portonod vith a typuvritton or ‘printed’ display. Any stntilticauy u;—

., nificant di!!lnncu we may thtn sssociate with. pro?orti.u of the moo

display, or with fnteractions’ b.:-un t:h‘ ‘display and the lighting

cnvttmt.- The sensory tun (ot lp-thl :-pouls coutrast

- .
/ Py N

T



B ,-.z‘o-_‘ N :

A

nnu.l:ivil:y) vﬁu gilvc us iLnsight inl:o apeciﬂc paruel:ers of the

‘display’ which are esa@cmn:ed with visu&l fatigus am!lor reduced chvelo

. P e
of task pertomnce. ‘ : - » .

3
4

Varisbles of inteunt include specific videe dﬂ.aplay tetlinal \mlte

(with ﬂnt_‘“”dued spatial, temporal, and chromatic pn-nel:au),

environsen %1 lighting (iuminance 1evel, ghre level, apecl:nl distribu—

o l:ion, l:a-p_oral chu'u:teusticl), reverse fileld vo. rcormal £leld, view-
ina dgunce. and tunnient ndapnl:ion effects.. )

‘An uporinnu:ajl session will be dwotcd ¢o a ainglic eat of -pcrluntaJl

conditioﬂn (one video sonitor or printed stimulus, coz set of l;ghu.ng

) conditions, etc.)- A oession vl begin with visual fuoction testa (apa=
t:(.nl and - tenpnftal‘ contrast sensitivity méasuremenco and co]l.or vision

>

telt.) fouowed by & ope~ ot two-hour .period of task pezfomm:e,_ and
¢oncluding vith Tepeat censory viml funceion® testu. : L

B., Human Respcasces te Axtificial Li’ghdngf ’

bjectivé: To determiva the humas Eeapnnsea to artificiel lighting and
Mghting systcao th?ough qumtin:ativc, objecr.lve ex?erinentl. :

BnckEound. Thc poseiblity that eovironmental factoru will luve adveue

_:effecn on heolth has become more prominent in the lay press in. :the past

.
- few yea;s. These reports are principally subjci:ti\'?a. unconfirnad, ‘and

anecdotal. Hany enviromental factors have been :l.lplicnted, but, scien-

tifically obtained - ‘data are lacking. One implicated factor which 1s..

; a-cnnble to control is that of artificial 11ghting. Preliminary scien~

tific reports have occuiouuy appumd. *
AN AR

Lighting factoea’ s:hnl: may 1nf1umce per!omuct and producuvity can be
nttributed to the lamp, the el.ctron:l.cn lnd ulochl:od ‘controls; and the

) fix:u:e, as well as to ;he geometry and location of the lighting system.

Thase fsctors produce conditions such as colqt-iqleqt’idu; glare; inten-

Jsity tluctuationl; spectrum variations 1nc1ud1n¢. dth:l.n the ultraviolet

reglon; chcero-un-tic field gensrated by l:ln I-p, bdlut. or com-
trols; nﬁl flichr. all of which, coixld mh a vaﬁ.cty of. - buman-

Tesponses. These rugonut can bc*_ b-h:viog;l Qh-yqppphntul.

2

-k

N

"\




phyodeleptecl, or M@éﬂt‘:ﬂcale Ao T /, .

./. . . - . N
J?L’cccm& Tmaulclgc dcﬂs \m@@ Dﬂcqutcly czplaim the cffcetn of lighting
pazameters om- rﬂzﬁm:t:l_"c or - pxren‘lu:tﬂvﬂty. Ir\mth,mrfe., there orc me
generally agﬁc d=upoa £4cld tcoto ECDIE uacorfmﬂmilrmg any poooible regative
inpeets ¢a “werhorg, tchilcy ioto “geegint tba Uitde vorlety 0f tooks apd

) Mgﬁnting oys@C:J in goo or pmpacq:l. -

Tha purpos o of (:b..c 'I?s..CCCJEGb are tthm’ guofolds (1) co dotemine dircet

~ecanections (M c:ly) bativzea hroan ECCE02CT0 acd lighetes. fiaétoza, .apd
{2) ££ thepo.lo c.:ch a ceznzetlen, ko pzovida toforoaeien aboit qlulﬂ.t:y
- — dapact of o gﬂvcn ]lﬂ”b"ﬂt:\_, c1vihrc1'“,:nt;. Alallzm_g]: cabjectﬂva

rfcomm:"o by vertal ocd uzittca CC""‘DﬂE«DEﬂG:‘L vAth voElkers Jle=t peavido -

el of E:t:c ceded ﬂmommﬂc:, glizoc ore gc"’\fony jmti "dﬂcJ by o niz of.
cncﬂ.ologﬂeal a:J cc°ﬂvam$'.c_'xl EC&:&@EO«;

Cecnoral AEE zeochi: Theco ﬂx:.v:::t;ﬂgc(:ﬂc:lo c’who ‘.'Lntr"*noﬂ.vo uczs of muu:ubﬂc{F
‘tf.vo Easp@nc'*o in ordcr to, obzoﬂm o highor (ﬂCBECO of eavac=crd=affcet ao
well as’ Ecpeatabﬂ.lﬂ.tyn ' Sl A _ L
Ue vill teot r:lrﬂeh:nr ceute ehonges 4a cobloat ligheieg ia o’ bltnded
pniﬁcwcmmﬁﬂsm teo(: [tal) preﬂnmc dea:cctabllc chmmgc:x in, any of a ‘number
of hab:\vilozal,, pcyﬂ:\hnphyoical, physiological,, or biochemical parm_...toﬁne
Tha p::lred coapariden 1o botueen ﬂncandescenz lﬂghting and 8 t:est lighe=
i=3. By otidylng mnlt:lplc paramezers and organ ayato.aa ve, will dnecrease '
. gha MLthcmﬂ of (_c(;ccf:iw’ an objceeive nencmurc:/ of *a physiological

offcctr:. B

Sivee woot phymloloslcc]l fuecelons Gre under ctrong’ hoﬂeoatat:lc (feed— S

_:c;;) ecmmll,L ia owdor to imcrease the aena.itiv;.lty ‘of our meéasures we
uZll otudy ehdnge b not ouly in mean responses but algo in the varianco
cff . thosa Eeapsncoo, particularly under conditions that additionally per—
teeb (¢ Jloadl“) tho oymtea. _In this way we can deternfne . uot only abaoa
luta changes in xzcaponaes lmt also any effect that lighting changes have

ca the dynmic tfanga over vhich the hom-tatic necbanins co.pénul:e. :

In - such an ‘approach the uuur&d eud-point 18 the alo\mt of load
"equired to. nignﬂ.ficlntly alter & coat:ouod qulnt!:ty oz it. mum-.
niu.m upcrluu.t. wdll ﬁequi'n on-line aulytil of the Tesults d.th a
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4

O‘bajectivo: o develop oo inpzoved uoderoterding of cecupant ECOpDRC2 ‘@
the fenestrotien ecnerols meecsoary for oodnfzing daylight ueilizotisa.

» .
I —

Background: Foosgy oed locd pedusedean vill bo cehicved vish doylighting

stratcgfieo mlLy if diceomfort glaze frﬁ: wedeTy a:d ho- umiesirrcd koot
losses ml uaﬁlr_': (:Ihurough fomestratlon éco bo coamolled. Linfged
caperfcnen im dlay]mg cnviret—oanko orggents tt:ag tho odded thermal “eoct®
of fetl_esg:mmi;cn eca outvaiph the dmﬁuéhtﬂng bzoofieo iuf fenestrattﬂ.on io
wot properly. deolgmed oed canaged. Dlgoee glaze “Erom ~sunlight .and
discomfort glmrc fred om tmobstrueted view of ﬁ:tn .oy <an forco officc
occupento Ge imsecace imdesr clectrie Mghm lgvele in ordcr to lessen
brlghtne-o peddicnto. "huo, conteel of fenestration M to minfmize hGeat
loss apd hoct got, 2) ¢o control Afrest Gunli;ht pcn::u:lcu. and 3) co
ecduze tho lvmimnmec ef ceeu?_mt vicwn of the cky ere all prerequisites

te cchﬂﬁvimg oﬂ.gn:llﬁﬂcnm: Gavﬁlﬂga. Since foteriss dlyulht 1iluminance ~
Uﬂi be codiflcid by coot cerazegileo Lbﬂ"b conerel cbu'lll lnd optical

m:opefzicc of glcuilns, fe, o mper(:am: €0 E.LF' eha c,_.cratﬁon of llghung

c;cmtfolo to foneocteatficn eonerolo.

chhmﬂcally, &ho t:ﬂo(: WSy to argdve ot oo cpctm dayulht/cner;y
mn&gremc gyotca 15 ee. uilmulsaneounly ccntecll. the luminous and thlflll
pﬁ'opaftzco of iudser covironments ulins automatic fasulating and shading

S

pyogemo ceupled uleh praportional dimming of electric lighting. Concep- -
tually, cesh ¢o appreseh appeara to bo otmﬁghtt‘oﬁ:ard. In practicc,

problens. ordes in four; me‘ess.

1) Davélm;:émﬁ: of moseciary h-_rmdc:zro ard ceatrolgs

2)  Iocorporatica of coﬂ\@;olo into the archigcetural deoign of a bulld-

icg.

&

v
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Cest-cffcetdvoncns of tha control oyoecss.

- 3)
o ) oo -
< &)~ Ozeupant cccopeamec of the coatrolled covirec—oat and response to
‘the esatrel fuicticno.
) Ve posseso linfecd.dotc om tha fiznt theoo iasuen bag. 8 poor understand-
T :lng of the fourth. Yot deecfsicns eoncerning automatie vs\ sanual cm
:ttol nny bave oignificann: cost implﬂcau:ionu- ‘In add{edon, ujor invut-
m_enta in sophioticated conmtrol tcchoolegico ray Bao nsted 1f occupant
- r,esponle 18 not considexzcd.
\.
B . e -
™ General Aggm ach: Thio rcoecoreh projeet bullda upoa [2ict studies of
N occupant pecforence for wimdou olse, ghape, azd lccazion and related
vorh on vicu. "Spceifie plagned tooks foeledos .
. ~1le ’ C@ndlu_ctiug a cite CUEWRY to ideatlfy the range of chlr.ctcrutic
‘ mistﬂmg cozditlono relaged co ‘fenestraticn ard lighting comtrols.
2. I@gervﬂ.cuim occu[zamc ze dctom pz'eferences for control stra-
! Ecgiec cnd ‘hordvaze ond for gemeral interior envircnmental coodi-
tlemo. -
3. ,Smdyﬂ.mn cCCcupant Foopones 'unﬂor a vnriéty’ of building conditions
ik o full Eange of cnm,al and sutcastic fenmestration md lighting
N ’ eaatrel 0yoeCl0. - . Fa
. 4, Datcm.ﬁ.wlu\g the zalativa cmergy eavings ond load management poten—
- g ‘ tials of tho _oystecs studied in task 3.
5. ."Daced upon.- inieial £ield results, mdifying ccn:rol systems to
lagzeve tho.fle vith cccupant prcf.ercnc“.-
[ Daveloplng a m.ode.l of occupnnt nqpom to thermal and luminous

"'faczozo tfmlch can be uud to dcuriinn opunl control strategias

for mexiniiiag c,_azzg/ioadl savings comsistent with occupant satis-
‘foetion. B -

3 : R e -y

g%
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L2202 BFEede

l‘.ﬁgh:&cé\gyot;&o on the porfercrmec of vipuwal tacko amd to tcoot th‘m
asp llﬂf’atic:\ of Mdelo ouch as ttha BSI and. €IR cmdol.

"t:@ c:pﬂ.?ﬂ.cc\l nothado for aaueonﬂ.mg che qualicy of:' a Jlil.gl‘mz=
“LJ envlmmanr: and 4co offcec: upor preductlvity have beon dovalbged,

cz2 By r;hn Illlmimtmg EDuﬂD,OEfLEnG Seelcey (IES) of tha Umﬂttcﬁ] Seaten”

ool ¢ by n:lh" Inttematiamal Cn:ﬁl.auion on Hlmim&ﬂ@n {cim).

ete] ICES hao Ectmmﬂc.l II:IJ:,, lmr:'* of Equilval].cmt Sphorieal Illy~imacion

{C3I) oo a- Eﬂgm:o of t::nrﬂ.t Em: tho co:pnrioun of lighzimrr oyogcnd. The
CIU? 1o dlovcloping o corc cooplen csrﬂoﬂ vhich ottcapto to isred:lct vioual
p‘*ﬁfumec as o fmmcti@m of lightinmg. Thic codal {ncledeo the concept
of ESI. Howover ‘thﬂm il.c rlﬂ.ocgrcvl_ont over cooe of the qunlitatﬂ.ve
tfcn:lc in rBSI bet‘:‘*om dlffcront Mghtﬁlno Oyoecao (c—gu, the advantages
ef E‘a]larﬂzmg oyutcuj of avon the dooirobility of lﬂ.ghtilmg levelo above

,59 ot 160 BSI foor:cuudjleo. methetrt:ore, tha viocual codel hns not been

ctamcctori‘.odl tmffil.cicmly £o te uooble im a co:zp]lctej ceongaic nodel for
ominﬂ."ing lﬂghmiﬁg }lcvolo or cotablichimg 1ﬂ.ghting uzzmdardﬂ,

c~n.:m1 A]ggz'oach. ‘"ho fo}l]lcuimg opﬂcific mm]lytical taoka ‘vill Be umiew— .

talr,cm. ) T

L)- ’ Mcmtil.fyﬂ.mg uitat oddiedennl imfornation . Ao necd]cdl te nake the CIE
\\:sdle]l dl.hroctly appllicab]lc to ficld cituntiono.

o

2) Idcmtﬂfying and am]lyuilmr' che Vinml and nomvimml actors thaz -

" eoncribute te job porfermomec. o~ L -

3)  Awolyziag ea=ron vigunl tooks to idemtify the vioual oedcelug

poccatern “thoy cmeotpoos..

. o . .

A ﬁgfﬂ.oﬂbﬁwoducuvﬂty . 5
P S . C
Co G geek ;‘ﬂ.‘@ davak 7.0 anolyeie zeols meecagory to detcrndme tho cffcct"
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" Anolysios tho way, ehanges ia oelbulus porcciors affcat

-25-~

formansc.

Doterniming whoghor “ehamzec im viswal ‘pocformcnec reiuledng frea
ngﬂpulatﬂcz'of otinulng parclctero are eonototeat wiely predicedcnn
fran gho ESI —sdol.

Bvaluazﬂmg gho offceen of chnmgcu ia lmnjlmﬂrv deaian acd rlccc_
on pnrc:ﬂ%ora of tha vigeal otiouluo.

'

5

~quablﬂuhims a pgo@@cel for cvalustimg tho cffest of lc:im;iro and

O L ) ; . . \ .
ploecoont on-wipenl porforncmec omd eeoporing incovaticao io lighe=
img,dcuﬂgmo

i

s

Evaluntﬂmg' £ia pffccé that chomgeo fia ligheing %crdrarc cud

‘Tuofdmadre arecmpéoont have om the porfornasec of eco—menm ozl Backo
: it} B L

in ehe Fficlid.

il
.
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VIL.. PROGRAN PACILITIGS :
A l:nmrem:c Berleley Laboraotory
! Phynical Lighting Iabofato'ry .

Fucthy Location: Duilélﬂ.mg 46, ‘Do 159
Lavzcmo Rotheley Lnboratdw

i

Gnnezal Deecfﬂptﬂon' Tha Fhyoieal Lil.ghtﬂ.mg Lalbomtoﬁy ‘40" o nouly ce:=
otructed Jlaboratory opﬂdfﬂmuy dcaigrmcﬂ to Ccpoure 1iglm; and Mghtﬂn_[
Gystems. The spacc cwauurco 1200 bdﬁh:rc feet amd fo divided 4into-thEce
gections: a Mghtimg Cogougcoant arca, 0 lanp and loaop cystco life teot

é ea,;‘ and a geneml laboratory arco.

"‘ho lighting ceasurcocnt reoa 1o 6080 oquare. feet amd Hﬂ.ﬂ' Equﬂ.ppcd ‘to
:easum'e ‘all of the charcetoriotico of 1ight pourceo and lﬂghting gyotcno
10> Q mznndmrd coutrollcd owix‘:um:ﬂnt of 250C." A heat puop 4o uoed to
aaﬂ.nn: o a t(:lp"rnturc of 25 = 1°C ce- that cboolute light flux com be )

bccmmze neacurced and refercnced to the ctandards oot by the National

Burccu of Stmmde.r&o and  the A:e)ricnm Nutioml Stamdards Institute’

- eamsyy.
N

{uhieh pcmilt the lomgetem opgracion of- 011 typea of light sources and -

"hc J].m:p—liﬁe tco\t mrcu 10 SOIXunarc fect and containo lanp test ra.cko

: \oyo:mu. Tha pouce 1o furnisched by tuo sctablized, regulated/pover aup—‘

pueo that cam Eumioh eﬂthei‘ 120 or 277, voltg. The.totals ca’paci.ty of
“the mxpply io 20 it "h&-ﬁowr uupply can be ptogtmned to- ptoviﬂe a
sidda range.. of om/ofﬁ cycleo to conform-tg the standard ANSI test pro-
ceduro for cach tm of light pource. A jpechanical ventilacion syatem
Eelwvea the heat gﬂ.vcu off by. the lampe in/ test and minimizes drafts,

Tha tlh:hrd mm hou. 6 a:omall office r.m,d genefal laboratory wi:h run-
: . Tho conatmction of R:est equipnent and t;he nzeded .
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£C&6 Model 550-1 digital radiod eter/pboto:ctcr
" Calibroted photometet probe
culibzated upcctro=radiomete? (260 o - 100 n:)
Houlet(:—Puclwrfd 98257 ‘desk=top calgtlntor
Hevylett~Pachard 3584 oignnl amclyzer vith antomna set

. Tektronix 76234 ctorage'occiﬂloctppe

'9—150, VDC power supply ‘(

7413 differential cooparitor Lo
- ‘7A“18 dunl teoce ampliﬁr‘ﬂqx
. 7853A dual. time base

7422 differential amplifﬂ.cr

Funct ion genemtor

Hewlett-Packaz'd 3&55A dligirtn]l volmetev:
Hewlett— Pacl:grd 34974 data acquiotiom oyaten .

ZO—cha'l}nei multiplexet-

.Clark Hees. 253 i\igh—frequéncy volt-anp-watt meter

_two~pen recorder

Vecco. diffusion punp sydtem
Peltier thermal control s_ystem‘
Reference ballast ‘
Bnllaet teét syetem S
NBS ca' ibrated Iﬂ.ght sourtee

EMT 41, F\CR 120-voJ.t euper or power supply (6 6 Lu)

Volt‘ge"’ c ent, power t&ansduqérs A
Tekt:rouim J-l photoruece with luminance \probe
(}-36 vbe power mxpply (é gy ‘\'

2.6 azp) ey

©20” x 30 tcreen’ room, E\ i

2l

| ’ L [ :
o 3
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Equipment for fundamental
plasma research,

—r

Gy e

8
,

Eight-foot
integrdting spher
with data :
acquisition system.

[

4§

CBE 819~-8728
s

/',
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test racks for
lorig-term testing.
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. High’frequency

ballast;te;t”
station.
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Mobile Window Thermel Test (MoWATT) Facility

General Description. Energy optimization for dnylighting cannot be prop=
erIy detemined un]lees the thermal impacte ‘associated with 1lighting ‘and

daylight urilizat:ﬂ.on are ¢ d. Although these effecta are modeled
by DDE—Z and -other  large energy—analyais computer prograns, there has
_ been no-experimental validation of thénet energy. flouws through window
Bystems. We are building a field test facility which for the Eiret tice

-will provide accurate measurement_s of met energy performance.

'I'hé’ mobile'-tréiier containc‘two instrucented cells in uhic”ﬁ' cgr'.nparutive
tests of uindou syste:nu will be mede. Th‘e.‘ cells . can be uded in a .

calorimetric mode, in which basic, feneetration properties are measured.

ﬁ? .

~

It can also be uoed in a eimulation mode, vhen the ce11 ia configured to.

r:hermally behave 1like a reaidential or commercial building. In this
mode, .the net heating and/or cooling loads experienced by HVAC system} .
, arg measured. Heasurements of the effects. of lighting and daylightiug\
on in:ernal heat gain con be nade with great;r accuracy and at louar .

cos: th_an !_:hmugh fleld evaluation of actual buildings.

Equipr_-ent List: T
.2 /Calerndar clockc with battery back-up’
LS1-11 cc:puterc N
'~Heu1ezt-Paclcard 3054A/ 280 data acquieition axstem )
Pired-head discidrive /
Dudl floppy disq drives’ '
Zenith 2/19- teralnals
: ADM terminal A
Hewlet-Packard ;lotter

'HHHNN#_'HN

\ Staefa tempa rature control sysctens? ' o
2 heating/coolinglhumidiry. 1 heating/cooling -
Chiller, large capacity e e .

\ Afr/liquid heat exchangeru . ’ ‘ . .

\ Hunidifiers - . <

NN N

\Precision electric heaterﬂ R . ,
"2 Xower netcriug systems - S
2

\
« \ ' !
= § . i

\:lqu:ld flui&/temperal:ure ‘metering systeus ‘ ' v
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2 luleipoint temperature sencor oyotd.\v:;u> K ’
2 Msltipoint encmometer systenc =~ »
1 l<!eqtﬁei stétion, measuring ) .
Dry bulb temperature ¢ !
Wind speed and direction .
Wee bulb tc.amperaturg . _ ‘
.-

2 Eppley PSP pyranometers
2 Large-area héa; flux sencor cystczo

N

:
tdentical test chambers
wilh removable party gall
Adyusiable heat loss and
o infaltration poned

Conlrof ond daoto
acquisthon instrumentation

Y

!
Skylights

Changeable vindows
and mouniing systems

Variable thermal mass
in floor system

Achive guard- air insulation
in exterior walls

xBL 011-30

¥ -
Schematic view of Mobile Window Thermal
Test (MoWiTT): facility. T

Lo .
. . n

4
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D. UCH Collcge of Envirommental Dasign, School of Architecture
‘Artificiol Sy - Daylighting Simulator
Paciliey Locorion: Roea 275, Wurster Hall »
. College of Environmental Besign: .

« . ' Unmiveroity of California, Bé-rlceley N

&

Gereral: B ccrﬁpe'ﬂon: Seale wodels allow qmnzitativé and ciuali,.tati.ve"

,uozzessmcntc of daylilghtilngilluqinatioxi levels 'am:_l distribution ‘patterns

to be made witlim:ut the tfes and enpense of constructing full-scale room

N 1nteriom.. Although useful peagurcnents ¢an be made out—of doors,

highly accurate regsyreents can only be pade under on artificﬂ,al sky_

with reproducible luminance diotributiono.

f

- We have recently cnapleted conotructfon and maum calibration of the

only m:tilfilcial sky in North A.cerica uhilch’ allows model measutemenm

under unifom, CIE overcast, and CIE c¢lear cky conditﬂona. Additicm:zl )

capabilities are undey development to pﬂmit nﬂmulation of ground-'

,reflected Iight and direct sunlight.

The artificial al:y 15 a 24—foot—d1ameter cetal hemisphere vhich, reste ofi

a ceven—foot cylindrical wall. - The high-reflectance interiot white sur-
face is~ 11luninated by bankg of high—-output fluorescent\ lamps in
cuetom—deuigned finztures. A lightlng -control system allows easy coaver-

oion frea one otandard sky to’ anocher. A model platfqt

1nrge-aca1e nedelo and adjusto in height and orientation ‘to- pemit test~
ing of a range of wodel oizeo in'all orieatations. % ’

The focility fo currently uoed for research. It will olso be a\{ailq‘bié
for tcachimg puepoces and for uce by ;iractil_:i‘ng‘ architects and enginﬁe:n

r

to focilitote the deoign of energy-effictent bufldings.

g

' Equipne ne Lilsn:'
’ 1. Teltronix optﬂom 1 oand 2 j16 digical photometer
2. Tektroain option 1 and 2 3J6511 illuminance: probe N
3. Tektronin option 1 V‘nnd 2 36523 one Elegtee angie luminance probe
‘ (option 1 English ccale, option 2 ﬁetzic Bcéle) -

. ) kY ¥ . . Y

céommodates



4
,5.

6.

7.

=83

@

/ =33 -
Hégatron architectural model lprmeteri(l_.z pensors)
Spectra Model 1980A phol;ometer
Li-cor illuminance probes (60 sensorc) a
Litemate/Spétmat,e’"vSystem SO0 photometer

Photoelectﬂ:_c . gélls

: Exterior;fiﬁiew of 24—.foot—di_ameter ’(hemispherical gky_ simulator for -
gayliéﬁting studies. PP : ’
ey, . LR !

YBE, 804-5182

&
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. G+ UCB. School of Optomatry o ~

" Lighting and Visusl Perfor%e Laboratory. . o S .

Fncility Lecation: Rooms 389B,C .
H.‘hfer /Hﬂ{ School of Optometry
University of California Berkeley

,.Generll Decripcion. . Ihere are two - adjacen: eooms, each apprqnmtely
‘11‘114'110‘ " Froa one {the Control Rom). Ypsychophyucal experiments
are -conducted. This toon ho‘uees conputer equip-ent, project developnent
B drau, lnd desk and storagew areas. The aecond _room (Suhject Roou) con~
’ t.sins three video dioplay teminals, ‘each on a separate des'k a flexihle L
K syltel fot toou lightlng (choice of incandeacent. standard - fl.uoreacenc, ‘

or. high—frequency fluotescent, each with sepatate coutrola for luninance

and spatial dinuhuuon). ‘a xerox daisy—vheel printer with table, and a '
rack which cupports’ a Tektro onitor (used for spatial. and temporal
vinion tests), a; SanyO/eﬁl:;:tor {for color vision testing) and an
Jllu-lnat:ed background screen. This room is newly painted and carpeted ;
(nzur.nl gray) ‘and 18 wlthout windows, but with a ventilation aystem. A
fpott.‘ble Spectra Pritchatd photometet with tripod and accessories 18

also in the laboratory. LF

*

,-quuipnent Lil.at- .
Coq,ttol Room -y v ' : P ) ) ~T
2 apple 11 computerl (48R), with accessory plog-in boakds i
. {clock, serial interface, parallel . interfq:e, caununications,
Videx Videoterm, PASCAL langnnge APFLEFLOT printer 1nt&rface) .
" & dtok-drive enits -’ S ' T
Centronics 737 printer - ‘ o - s
Centronics-739 pum: s . ) Sy
2 Sdnyo DM5112GX B&W mq‘gtors o T

-

) Computer - Keach . C P
) »Blectt‘onlcs techniclan 8 beach- lnd niacellaneous equipnent
' Dllk file cshinet, ahelves |,

\

Subject ‘Roos -




. 2., “\fa“ . . .
T B ADH-SA v!.dco toulul (grun phosphor) ‘, Tos

|| ADM-3A viddo terminel'(white phosphor)
Zenith z—19 vidcc tcn!nnl (white phosphof) .

" .Xerox 1740 d-hy-vhcd prioter _ ’ e “‘

- Tektronix 606 woBitor . .

3-¢olor }r'g,deo moniter \
T -vOverhead lighting ayst conuind.ng fout twin=lamp ﬂuoruant

Hztuz:u, 28 incandescent lnpo, -nd diffuser, with control
panal allowing lep.nt. pmting md dimming for’ d:.!fonnt

A ”} 7 ,\'f lamp arrays, and allov!.ns chofce ‘of “standard or h:lgh—frqucney :
LA eporation of fluoreleent hlp- A ’
. . ; R . ; |
\ ‘ $ dooke for video display temmtsale < |
,/; o - tablc for Xerox érin{er _ . v )
\" ' v,f@—h Eor Tektromﬂn and Sanyo zonitgrs, with oyu- far
" bockground lighting . .
4 _ vemillatﬂ.om systen o _,,
‘cazpeﬂ; . - R - - - E
- o > e . ’ ! . i
Poreablo I{qulpent = . . .
r{:tm—?zi@cbr&l photonme a::ﬂ sccesacefes By
S - . ®- .
UCSF 1}zdlcq_._0entaf oL . - L .
s Heaith nn‘/d Environment !Qbantbry : ,
, \/’/;, PR - N

Fncility Lcution' Room 8-471 " Dapartment of quicim
s«:twn% of lbdici.u

E Uni.hnity of Califorats at San Frasitaco
o - >

Lo ntcly 11°x 11'=x 12‘
dha-bat (7‘ n

o1 test chesber u s tbl subject: ‘cmr sad . .- hotren, ;.;H.uue )
g ’ mreiut. o /‘t ‘
i ' « /" ' ~ ’

concul Description: "‘he labontory np.ec is .a pnru.unul ares appmd.— .

wmu- m- space 1s th- uptriml test
7 ': 8'), a duiul ‘DR, BIA computer an 05/! opoxu::l.l.-
- system, £wG V‘H.OO video tom:l.ull.*aui an ILA 1line ytintd Inside the

i



e [ . g ,
m nghtl.u -yoten 1n :he RF-shielded roc- conl:lltl of an ovcrhud mov= .’
able ngheing panel, an ;djuanble glare’ source mounted: on the ftonr. :
'vdl, and & pho:outet for measuring the light level’ 1n the rool. A

' T «A;'!'h. ughting panel hu _apace for eight lawp rods. An uperinen /may ude. -

T t'o ‘sate-of fonr—hnwtods each fron any of the available types: Lhceh-' .
dc-ccnt, cool-vhite fluorelcent, da,lisht fluorescent, or bj.gh-prulure- P A
'lodiv_.g. A cp-puter-controued lqnd-ltate relay chulu allows the )

‘ppP-8 colput:er to turn on -the lup rodn in a progra-ed co-biution- n
m cn-puter can ‘also turn on two colored lanps on eu:h of the: 1mndu-
canc lnp rodl. ‘l'he lj.ght output froa r.he differsat typq- of lamp ‘rods.

will be mtched to. each ol:hat to- vi.thm a few perclntlge points by vary'-

1ng input voltage . to ‘the fl\ntencent and high-preuuu lodlu- lampe. . -

i

’ : 'n:e adjustnble glare cource mounted in froant of the -ubjoct hou:el two
lamp rods; with opne of each. of the tvo types -ountad‘ﬁ'! the overhead'
ughting panel. The conputer,‘via the coud-uate r&y\ww

.© 7~ % controlp:these lamp roda. The £ront panel of the ‘glare -source-1é opaque T .
/ accp( fox 1/4—1nch olits direcr.ly in fron: of the mp rods inside. .
- -, )\' V) l." A
' J : A '.l'cktromix J-=16 d:lg:[t:ial photometet is mounted ins:l.de the rool. It ia
gy At cm-octe.!lzdinctly to the- cupul:et' which can thenby measure the light’
1/'{.1 {oside the room in real l:i.me. P L ] ‘
Bquxgum: u-g : _— ' o e Cow
" Isolation chnbar » W ‘ T

Digital PDP 8/A cuputef ' o - ) A

05/8 cparating Jyﬂ:a ) o

- SKED u!mu systam e - ) o

2°RLOL disk drives -

s .- 2. VTL00 vidco tct.inllg ,
! TLA 120 Iine printct o ‘ -

@

4 OPTEL LCD sets , ,
Typewriter stand and duk . o AT

~
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VIII. . PERSONNEL - N ‘
Principal Iuveatlgltbxj.: Samuel Berman, Ph.D.

- A.< Lavrence ﬁerknley Laboratory Staff

“l"ecimicn‘l Pro!fné
Rudolph Ry Verderber, Ph. D., Progras Manager
Solid-atate device physiciat with expertise in tcchno].ogy
cransfer and ‘the applicetion of elcztronies to .lighting systems
. i

an.d.s Rnbinltein, B:S. .
Physicist vith expeztise in the design and seasuresent: o!

lighting sourcesa and systems.

Rod~Ko Sun, -PhyD. :
é‘hyaicia: with expertise in plasma physics and électronic systems.

B

Olilvez B-brse, Ph.D.
Electr:lcnl engineer with a bu:k;round in duigning lighting
c,yste-s and electrical lnyoutl for co—ricll and m‘ltﬂ.‘l

IAS

buildings.
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BuildinggﬁApplications Progrcna:

¥
2

or

sﬁephﬁn Sclkowitz, H S., Pwﬂnnﬂpal Imvcutigatoz for the H;ndGWn
and Daylightﬁus Progrca.~\4 i
Expertiae in daylightiﬂg :ndcling oad annlyticnl oethedo,

" net energy pezformnncc of femestration, daylight

remburce aecenemant, ovuluntiom of co::nrciul buildimg pﬁrforcanco.

L

Eliyahu Ne" elan, Ph.D., Vioiting Scicagiot LT
Electt!cal\ mgineez Uith expertioc im ull uopcctu of
illu-inntins cmginserimg and daylighting. De.’ No‘czzu

- 15 Chairman of the CIG Daylighting Cecmittce ard B
Professor 1o tho School of Arehitceturo, Tcehaionm, Iorcel.

“Richard Johntem, 3.5, -

"Architeet vith czpoetico 4m pcrfo;muncc of ionovative
vindow sysecno omd eezmoreol building cedeling, iecluding .
deylighting pazforonpco, aed glasing opeinizatien ctudies.

Hichd®) Wilde, Wit | SRR
" A:chitect with oxpartﬂoc im Ecchﬁology efnnsfer nnd#hducation

i8guen relating to daylighzimg,rcsponslble for daylighting data
B baae uctivitﬂcn ond cnanilutiom of Dsylighting Resource Package.

v . P

§

‘ Hojtaba Navvab, H.S. o ;, -

[

Architect wvith expertice in instriumcacation. design ‘and the
it
~ Cessurement ard deoign Bf daylighting oyotems. :

lﬂ.chael Rubin, Ph.D. o .

Phynicis: uith cnpertiocc in 311 specta of wiggov thermnl
modeling and’ 1n building—energy analysis mndela and -
dny‘ligh:ing mmlytical zodelg. : B o
j} ) ';. ) ,&;N,v.,/)”’//’/ii"g o~
Joseph Klems, Ph .’ K -
Phylicilt vith eftiua in :he:ual modeling and lataratory.
and,fteld :eotimg of glaging materials and window systczo.

. (_;3. .
A
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* |
Summl Beznan, th.

Phyaicdlou: uvith cnpﬂxrzﬂ.oc im lighu:irmc Ecchnology the fugdamental
o ' agpacto of vioi\bﬂﬂty, and environncnt cffecto of artificinl lighting.

b

Robert Cloar,, Fin. D.

Theoreticol choofoe ond vioual poyehephyuieioe uith crportise im. t:he
fundemcntal aopceto of illlm:inutﬂ.on, vﬂnibilﬂty, opd petfomam:c.

[

Ailem Arthur, B.S.

Blectzilcal cmgimcer vﬂth cuaperedloge im clectronmic cystemu
" ond tho Coaoukenént 444 mmalyuio of cleetr _ngnctic intorference.

Y-

Hilchael Emfno, M-S, o - S

[N

X

Elaa N

S

2

Canumcr oedeneioe wieh exp'urtﬂ.oe in the dovolopr::nt of

cenputor pfogrmu oand oyoteao.

i Jazey Stokd;r
chhﬁiciém, eleetronie opecialiot.

3
. Davild Gm

‘Teehniecn, cﬂchmieal spncmlioe.

\/

.
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B. Univeroity of Cpliformfa Schkool of Optenctry Staff

. ) T Danﬂol Grecnhouoe, Ph.D.
- : . Vioﬂ in- ccicutiot vith engimccrﬂug buckground opecﬂalizing
: T chophyaical experﬁnentation. .

= in PO

Tcﬁry Bonzacbnvel Ph.D.
Vioiom ocﬂemtist\cpacﬂali ing<1n color vicion and paychophyoico.

™ . &
Ion Bailcy, Ph.D:. \ . - | ’
Ptofeocor onm the faculty of the School of Optomqtry.
. f \ . )
Arthur Brodley, “B. s/ T o \ﬂ‘ ;
o e Gradunte atudemt &f phyaiologﬂcul optico apecializing i

ia yoychophyaiﬁs énd eputinl and tcmporal aopects of
A\
-_thc hunon vigedl oypten. : .

f viley otrd | 3 ,
I ‘Elcctronico technician. . ‘
:':"‘ \
r'/ A i
Z NS [
£ -
e
- .
" *
LT % 4


file:///opecialising-

w-ile
Univerolty of “California Medieal “Schooll STAEE

1'

. . ; .
Dot L. Jowat€, M.D., DeEuil. ! o . >
Oﬁéﬁapqgie auégcan ced _\:",f‘uba;nhysiolféygioe uvleh empozgdoe
in "cnﬂfrém:cntpl h'ypemdna 'Izlf.vﬂcy. ‘ .
Rusoell M. Joffc, M.D.; Bh.D. , "
maoxmtoz'y codiedno azd bﬂo‘ h_:ﬂacr:y, Uﬂ.k‘.h‘ czpﬂn:t:lcv in
- covirommental focgorn gelaghd to Loalthe
| Martin R. Greesborg, Ph.D. k 4
Co Regearch pgycholog:}aﬁ wvith duperedce im cmvigonmontnl
detcmimm&o of bohavioz. ﬂ - » e
Richard. Nalhnuu BeS. | b .
. Beoenzeh tochniclan vich enp*rtim in biolbchavﬂ.ozol
. - reoearch and cc:pu(toE progfaﬂ:iuu. » -
. _Burt Rutkin, B.S: L .
\ ) Eﬂgﬂ.meeﬁ' uich ex:clmoive expart:‘lue in donign ard imple\:ﬁntation -
\ .+ of eaaputer oyotCass . 'g
}uhn Hnn-rio, .S, .
‘-,\ Cooputer progrocrcor and oyotc:r amnlyom.
\\ ‘\ ) ' i
1
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