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LIGHT METER FOR elECTRONIC 
flASH PHOTOGRAPHY 

IN T HI S I SS U E 
p,,, 

A VARIA C 1'11 ... 111-:-
SUU'"Y' CUI(,CIT . •• .5 

7 

• ALL PHOTOGRAPH I C nash lamps, 
whether electronic or chemicul, present Ii 

measurement problem that cannot. be 
solved wi lh lhe ordinary exposure meler, 
because of the trnnsicnt nature of the 
l ight. Whal. must be measured for flash 
photography is an intcgrutcd value of 
light \'8. time, t hM, is, exposure. 

The Tn.,; 1501-A Light :\ Ielcr has 1X"C1l d<'8ignoo to make this 
measurement, !mel it will be found particularly woeful for color photog­
raphy with clcctronil; fl ash tubes (ca lled speed lights or strobe lights), 
where accurate exposure determination is cs:;cntilll. Th is meter CIU\ 
be used to determine camera aperture with a givell arrungcmcnt of 

figu •• 1. Pa.,.J vi. "" of the LighT Me'e,. ohowlrlg ",e 'e, scale and contraiL 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



~ OINE ..... L 1."010 EXPERIMIENffll 

lights or conversely to adjust Iight.ing 
(or correct. exposure wilh a given apc.r­
lome. With an au.xiliary probe that at­
lac.hea to the camera ground glass, it 
can measure the light actually reaching 
lhe film. Other important. uses include 
the measurement of the light output of 
a flash tube, checking flash tubes peri­
odically for deterioration, the mC3SU~ 
ment. of rc.Oector efficiency, and produc­
tion testing by flash tube manufacturers. 

Deu:riplion 

Functionally, the light meter consists 
of a Light at.t.enuator, a vacuum photo­
tube, a capacitor, tuld 8. vacuum-tube 
volt.meter. Light. rcachi ng the phototubc 
produces 8. current, wltich charges the 
capacitor. The cnp,!citor voltage is indi­
CIlted by the vollmcter. 

A lIimplified circuit diagram is given 
in Figure 2. 

The phototube is operated at a volt,. 
age high enough to insure that current 
is proportional to light. The integrating 
capacitor uses polystyrene dielectric to 
keep losses low so that no charge leaks 
off during the period required to take a 
reading. 

The voltage across thc capacitor is 
proportional to the int.egral of current. 
(and, hence, of light) with t.ime. The 
high input impedance of the vacuum­
Lube voltmeter pcrmils the measure­
ment. of this voltage without drawing 
appreciable current, and it is tltis feature 
that makes the metcr a proctkai device. 

The switches shown in F igure 2 mllSL 
be operated in the correct. sequence to 
obtain proper performance. First the --, 

:=-~ ~ -~ 
i=, '';-- --IQ. ... mo 

-,,~-,p 
) 

[J:;/---.-

L-,=====H ...... 10"_ ... 

, 
switch 8 1 must be closed to remove any 
residual charge in the integrati ng capac­
itor. With the 8witch SI closed, the zero 
ndjustment is set to bring Lhe indiculing 
meter to zero. 

H continuous ligh t falls on the photo­
tube with Sz closed, current will How 
proportional to the light. When the 
integrat·ing circuit is made active by 
opening SI, the cupacitor voltage will 
increase steadily and the meter will 
drift upscale. This is an undesirable 
condition when a flash is being meas­
ured. 

The General Radio Light :Metcr hs.s a 
combination push-button switch which 
serves the functions of SI, S3, and S2 
quickly and in proper sequence SO that 
the integrated currcnt. due to continuous 
light w1ll not seriously affect the meter 
reading. The sequence is as follows : Ini­
tially 81 and S3 are closed, and 8, is 
open, with a spring to hold the switch 
in tills position. A push results in, first, 
the opening of 8 1 which activates the 
integrating part of the circuit, second, 
the cl06ing or Sz which Hashes the Dash 
tube and, third, the opening or S, which 
disconnects the phototube. As long as 
lhe switch is held in this final position, 
the meter will hold its reading. The 
meter returns to zero when the push 
button is released. 

OLher panel controls are provided ror 
checking the condition of the batteries. 
The Hash tripping circuit is connected 
to lhe meter by plugging into the panel 
jack. 

SpectrClI Response 

The spectral se.nsitivity of the light 
metcr corresponds to the ,$pectml sen­
sitivily curve of the phototube, a 11'39-
type, which peaks in the blue at. 4100 
angstroms and cuts 01T at 7000. 

flgur. 2. S.m.nla,"I' .m.malic of th. 
.I.elrlcol circulI, 
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flgur. 3. View of the IllIhi a" ..... olor, tho .... ln" 
f /'~ClI. and proportional Kgl., 

Calibration 
Light from 1\ standurd xcnon·fi llcd 

flash tube is used for calibration. The 
met.er scale is calibrated directly ill foot­
candle-seconds (lumen-seconds per sq. 
ft.) of incident-light. from a xenon flash 
tube. Table I shows preliminary values 
of the required incident light at the sub­
ject in foot--cnndle-seconds for various 
photogmphic materials. Check mcnsure­
menU! of these data are now being made 
by nlrious manufacturers and users of 
sensitive photographic materials, and 
their recommendations will be published 
eis{''Wh£'re when avai lable. Until then, the 
preliminary data will serve n.~ a rough 
guide for the initial use of the meter. 

A Polaroid light nttcn untor is located 
on the front of the metcr,over the phol o-­
lube. This permits the rn nge of the 
meter to bc increnscd by fndors of 2, 4, 
8, 16, 32, find 6·1. Corrcsponding vill ucs 
of fl numbers nrc also marked on the 
scale. A diffusion disk, mounted in front 
of the attenuator, adjusts the light tmns­
mission for correct calibmtioll. This ad­
justment is made at the factory. 

F1gu,. A. Ugh. 101 •••• In ..... 
In a photog,aphlc .lu<Iio. 

OCTOBER , 19$0 

Exposure Determinotion-Incident Light 

The light meter finds its greabest usc 
in color photogmphy in lhe professional 
studio, where it takes much of the guess­
work out of exposure determination . 
The normal e.xposure for professional 
Kodachrome with average subjects is 
100 lumen-seconds per square foot at 
f/ 3.5. This basic fib'1lre will, of course, be 
\'aried for different conditions and light­
ing arrangements as studio experience 
and practice indicates. 

To measure exposure with a given 
lighting arrangement, the meter aper­
ture is directed towlLrd the key light, 
which is then flashed by pressing the 
CONTROL button and the metcr indica­
tion noted . From the reading in hunen­
seconds per square foot, the normal 
camera aperture can be determined 
from a table, or, alternatively, the light 
attenuator Cllll be varied until the meter 
reads 100, and the corresponding aper­
ture read from the f/ scale of the atten­
uator. 

Com'ersely, if a particular camera 
aperture is to be used, the attenuator can 
be set at that aperture and the key light 
moved in or out until the meter reads 
100. For other types of film, the stand­
ard reading would be different, as indi­
cated in Table 1. 
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Figure 5. IiIUJlrOling \/$e of Type 1501.PI Probe 
to ... eo • ."e light ,eo ding film. Probe ottoch •• 
to ground glo .. with two rubber .ucOOn cup •. 

Fill lights 

The contribution of each fill light is 
usually mcaaured scparately so that 
th('-ir values can be compared to the 
main key light. For Hat lighting the fill 
may be half that of the key light, while 
contrast lighting may require onc tenth. 
Experience is required in order for 11 

photographer to get the rcsult he desires. 
His experiments should be accompunied 
by light meter records so that be can use 
the light met.er later to achieve the 
equivalent result. 

Refl e cted light at Ground Gle n 

The measurement of the light actually 
rrflching the film is, of course, the most 
desir:\hle way of measuring exposure. All 
factors influencing the exposure, such as 
aperture, lens llbBOrption , and bellows 

• 
cxtcnsion, arc then taken into accou nt. 
For this measurement, an auxiliary probe 
is uSt.'(l. This probe attaches by rubber 
suction ClipS to the eamera ground glfl~. 
The pI'obc contains It photo tube and is 
connected t.o the metc,· through a eord­
tmd-plug url'angcmcnL Standurd condi­
tions arc urhicvl'd by placing a whitf' 
cnrd at the subject. The image of t.hccard 
is focllsed on the grolLnd glllS~, find tlw 
probe is plncedovcr this imuge. Thusooly 
the light s t.riking the film is measured. 

Because of the difficulty of standard­
izing some of the factors influencing thc 
reading, such RS the absorption by the 
grollnd glass in different cameras, no 
calibration for the probc type of measure­
ment is supplied. After 11. few test ex­
posures with different aperture settings, 
the USCI' can easily provide the desired 
eulibrntioll for his camera and meter. 
Since, for a given camera, film type, nnd 
meter, there call be but one correct 
reading, the lights and aperture are ad­
justed until this reading is obtnined. 

Other Uses 
Two important uses of the light meter 

flrc the measurement of the output of 
flash tubes and of the performance of 
Rash tubes in various reflectors. These 
nrc fully discussed in a recent article in 
the P. S. A. Journal: 

' 1IuoId E . EdgooMon. "L.i,h~ Meter U_ ";th EI..., troni e 
FI .. b." P. S. A. J"" ...... I. rart n. rbotOCnlpbic Sclenee 
a"d T.,.,blli'l ..... JanWlry. 19SO. 

Film 

TABL E ,* 
Suggested 
Piller for 

Xenon FkJ8h 

llUJuired Meier 
Hooding (foo/-ronrUe­

wmuh) alI/S.6; 
Incident E:tp1)$we 

Qnd At'ffllgt: Subjtd. 

KodnchromeProf. Film, D:l.ylight Type I 
Ektru:hrome Prof. Film, Daylight Type 
KoJ~chrotne DnyligM. 35 mm. nnd 

B:rntnm 
l\od~t"olor (Roll on!y) 
AMoo TUfilsten# Color poSitive 
Ansoo Day igbt.# Color Positive 

-j'r-ell",lNl.ry. ~ubj .... ! to ,..,v~ioQ. 

81-6 
eC051\! 

81-11 
81-6 

Conv.12 
CC44 + CC23 

_A ....... .....,mmeodli tbe Tunpten type ror "enon a .. b. Prooeatlnc illlluon_ ell' .... t;vo _.-t. 

100 
100 

80 
32 
32 
110 
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SPECIFICATION S 
Ugh' It ...... , A light. rllnge of 64:1 can be meas­
ured at mid-f!cnlc deflectioll, oorte;tpondhll( to 
100 to 6400 lumen-&eoolld!\ llef I!qllnrc foo~ 
((oot-cnndle--sceonds). The eXlrem(' readable 
r3nge i$ IIt.ouL 50 to 12,800 lumel1 ·,;ef'Ond~ 1)('( 
~unre foot. 
AII'''lIa!o. Rallg" 10'/ 3.5 to f/ 22 ('f)rr~pondUlg 
If> '" rfingr of 1 w 64 on the Ilroportiolllll .-cule. 
T .. be., One RCA m Rnd onc RCA 124. 
8oIteri,., One Burgaw 2F, th~ Ilurge&; XX3UE. 
'olibr .. ,I" .. , Meter is 8tandnrdizl'o'l ill terms of a 
xenon fil\.'jh t ube operated from tl known (·npa .. · 
Hor at. II el~ificd voltn!e. A diffusion ,ji~k i,' 
individufilly fitted 10 en!' I mNer to frtllndllrdizc 
I hI' ~JI,(ling. 

5p.clol Choroct .. illin: The phototllbe has mAAi­
mum l!ellsitivlty in the Mue portiol! 011 the 
vi,,,ihle ~I)edrum. 

R .. pg .... s,....t: For relillhle resulto! the Ih~h 
~11f)uld be I 20,000 ;oeN)ud (50 mi~nc.l~) , 
or more, in durn lion. 

Aueno.ln SuppUed, TUOM. buheri6I!J, dHTu$ioll 
disk. a""h RY1H:hron1dng te:ld ~. 

Otl>et AC •• llori .. Avoill.bl t: A probe fM h,ht 
rneailurementa Itt the I'limerli .:round glllSll is 
flvnilllote Id exltlt l'O~t. Set' price h~t het""·. 
Dlmel\$lon., 7 x G ~2 X I j indu~, QvernJl 

N • • Weighl: 81" jJOwldll. 

Codll Irorc.l Priu 7'YI)( 

ISOI _A 
lSOI ·1'1 

Ugh' M .... ................. .. ............ . $190.00' 
22.50 ' I "0 ... ................................. . 

A VARIAC ' PHASE-SHIFT CIRCUIT 

For years wc hll.ve har! to discourage 
uur customers frf)lll attcmpting to opcr~ 
Iltc Variacs in 11. closed-delt:l., three-phase 
circuit for voHage contl·OJ. :Figul'e 1 
illustrates why this cirtuit can not be 
used for conventional voltage control 
applications. A.J; the brushes move in the 
direction of the llrrows, brush . 1 moves 
from phase wire 1 to phllRe wire 2; 
llrush 8 , from phase wire 2 to phase 
wire 3 ; brush C, from phase wire 3 to 
phase wire 1. Figure 2 shows what occurs 
10 the output during rotation . The volt.­
:lge is reduced to 50% of its end \'alue 
and then rises agai n, and the pri ncipal 
change is in the phase angle, which 
shifts 1200 during rotation. 

When, however, a convenient phase­
shifter capable of operating smoothly 
and conti nuously over & 120° anglo is 
I'equircd, this odd delta effect exn.clly 
fills the bill. J.<"'or single-phase output., the 
closed delta is not needed , hOlVever, and 
all open delta assembly roilY be sub-­
stitutoo as shown in Figure 3. ~ote that 
..,.,.".." ..... k Rec u. 8. Pat. Olli ... U. S. p,..en~ Xo_ 
2.00II.011 

lhiS differs fl'om the conventional open 
delta three-phase control in t im!, as one 
brush mo\'C!S from phu.se J to phase 2, 
tho other brush moves from phase 3 to 
phuse I , Lhis latter being opposite to the 
motion in the conventional open delta. 
The output, thereforr, follows tbe cur\'es 
of Figure 2. Ob\·ious[y. some refi nements 
of the circuit are p088ible. and the re­
mainder of these remarks will be de­
voted to their development. 

The first refinement concerns Ii menns 
of correcting the \'oltnge cha.nge accom­
panying the pha.se shift. Ob\' iollsly. an­
othC't Variac, lIS in Figure 4, will do this 
nicely. Xot.e that the \'oltagc correcting 
Variac in Figure 4 is shown reversed, in 
thllt the input is applied bctw<''C1l brush 
and one end of the l'oi l, from which 

~g"ro 1. elmo;t fo. clos.d d.lla connection 
of Yo,;o". 

2 

, 
, 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



M ._ -/ 
-"" v::: V 

• 
• "" l-

"- ~ ~,-
I·+-

• 

/' 
.~ 

• 

• • • • • • -• • 

2 

3 

Figu •• 2. Voriolion of output voItQlle ofld 
ph" •• IIflg18 ;" the closed della os " fu<Klion 

of dial rotation, 

f lgll •• l . COMecrions fo, ob'o;nlng odju"oble 
plio" angle fr"m open dert" . 

points output is normally derived. This 
connection calls fo r 8. reasonable amount 
of discretion in opcmtion, since, if the 
brush too cwsely approaches 1M low end 
of the winding, aCC88ivt and damagillg 
current8 wiU be drawn. The use of, nnd 
observation of, a vollmeter during ad· 
justment will guard against such dim.· 
cullics. 

6 

If, in figure 4, I>hase 1-3 be considered 
the reference voltage, then, as the 
brushes move as indicated by the arrows, 
the phase angle will be changed smooth ly 
to n ma..'o;; imtlm of 120" leading or lagging, 
depending on t.he phase sense of the 
supply. Since a phnse shift of more than 
90" is seldom required, Figure 5 iIIus· 
trates an alternate circuit, in which the 
reference voltage is derived from olle of 
the fixed taps on the Variac which nrc 
positioned at 14 .8% and 42.5% of rotll­
tion. If " X I> is chosen at 14.8% rotation, 
the adjustable phase output can be 
varied from gO lead or lag to 111° lag or 
lead . If the tap at 42J1% of rotation ill 
used, the phase variation will be frOID 
H MO lead or lag to 4572° Jag or lead . 

Ii a tap were made on the winding at 
32.5% rota tion, the range would be from 
30° lead or lag to 00° lag or lead. 

If a heavy load is to be drawn from 
the reference outpul, fixed autotrans­
formers mny be substituted for the 
Variac taps. 

Still another possibility is shown in 
Figure 6 in which the overvoltage fea­
ture of the Variace is used to secure II. 

phase shift in excess of 120°. " Y" is 
14.8% of the total winding (standard 
overvoltage tap). I n this case the curves 
.... 'ill vary somewhat from those given in 
Figure 2. The voltage will vary between 
108.16% of line \'oitage to 8. low of 
35.2% of line voltage, wh ile the phase 

f'l\lllre 4. CJ,nit ohowin" "'e u" of a thi,d Vorioc for holdln" ou lp ul yollo"e con.' onl by manllal gdlu," 
men' o. phg •• I. vg , ied. 

2 

PHASE SHIFT 
VARI AGS 

VOLTAGE ADJUSnNG 
VAR1AGS 

VOLTS 
ADJUSTABLE 

PHASE 
OUTPUT 
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flgvre.s. CIrcuit oIIowinlil 100 ... r.f,, __ Yoll­

"ve (on b. d.rived from fI ... d top, Of! 

Vorio," 

angle will vary from 6.89° lead or lag to 
L26.89° lag or lead. Note, however, that, 
if " Y" becomes as much as 50% of tbe 
total winding, the voltage will d rop to 
uro at 50% rotation, tbough this COll­

nection yields a total phase shift of ISO" 
(from 30" lead or lag to 150° lag or lead) . 

OCT OU R, 19 $ 0 

Figur. 6. I ~ cOIVIedinll It.. input 10 lo p$, 0$ 
$I'IoW/I, pita .. >hi", of mot_ ilion 120" con b_ 

"blolMd. 

We hope tbat Variac useR will fi nd 
this discussion helpful in such appli­
cations as the testing of low power factor 
wattmeters, where n cOllvenient pbase­
shift network is of material assistance. 

- Gn.BEItT S MI LEY 

MISCELLANY 
PAPERS PRESENTED- Attbe mooting 
of the Acoustical Society of America , 
Penllsyivnnia Stale College, J une 22 and 
23, 1950, "Calculation and Measure­
ment of tbe Loudness of Sounds," by J. 
L. Marshall, L . L. Beranek, A. L. Cud­
worth, M. 1. T ., and A. P. G. Peterson, 
General Radio Company; "A N ull­
Balance Apparatus for Measuri ng 
Acoustic Impedance," by J . R . Cox, 
M. 1. T., and W. M. lhde and A. P . G. 
Peterson, General Radio Company. No 
copies of these pal>CrS Brc at present 
available for distribution, although both 
will be submitted for publication later. 

At tbe Symposium on Improved Qual­
ity Electronic Components, Washington, 
D . C., May 9-11 , 1950, under the spon­
sorship of AlEE, IRE, and RT:\IA, 

- "The Need for Quality Performance ill 
Labomtory Equipment," by P . K. 
McElroy, General Radio ComplUlY; 

UReduction of Losses in Air-Cored 
Coils," by Robert F . Field, Gcneral 
Radio Company. These papers will be 
published in the Proceedi,t{/B of the Sym­
POSilUD, obtainable from lhe Trileclro 
Co., 1 Thomas Circle, Washington 5, 
D. C., at $3.50, poetpaid . Reprints of 
Mr. Field's paper are also available from 
the General Radjo Company. 

RECENT VISITORS rtom abroad to 
our plant and laboratories include : 

TURKEY - Dr. Cavid Eller, Assistant 
Professor of Physics, Uni versity of I Slli ll­

bu!. 

ITA lY- M.r. Eltore Dalla Volta, F. r. 
Magneti ~'fnrelli , :Milunj Mr. Giorgio 
Quazzs*, Soc. Naz. Qfficinc Savigiiano, 
Turin. 
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BELG I UM- Mr. O. F. Robbcl'ccht, BRAZIL - M.I'. Alvaro De i\laecdo, .Jr. , 
Cts. Dc Man, Ant.werp. Radio Engineer, Brazilian Ail' [<'oree, ....... 

HOLLAND- Mr. J. Abarbancl, Lab. 
voor Rlectrotechniek, Delft. 

INDIA - Mr. lC. Vellkitaraman*, Col­
lege of Engineerin", Triuandrum. 

IRAN - 1\[r. A. N. Nabavandi*, Teh­
ran Faculty of Engineering, Tehran . 

FINLAND - Mr. U, O. Luoto·, In­
valiidisiiii.tio, Helsinki. 

f R A Ne E-M r. Ale.xander Zermizoglu·, 
Laboratoire National de Radioelectric­
ite, Paris; Mr. Paul Fabricant, Hndi~ 
phon, Paris (General Hadio distributors 
for France and the F rench Colonies). 

Sao Paulo. 

JAPAN - OJ". Ma&ltsugo Kobnyshi, 
Director and Cluef Engi neer, Nippon 
Elect.ric Co., Ltd., Tokyo. 

ENGLAND - Mr. Herbert Walker, Re­
search Engineer, British Insulated Cal­
lender's Cables, Ltd., London. 
. From tbtl F~1l Stndellt Summer project. Maau, 
eb.-tta I ... titllt.e Of T...,bllolOC)'. 

THE TYPE 1501-A LIGHT METER 

described in this issue was developed by 
D r. Harold E. Edgerton of t.he Mussl\­
chuseUs lnslitule of Technology, who 
also did the pioneer development. work 
in speed-flash photography. 

TilE Gen eral /({Idio E X I'",' ltlMENTEU is m ai fed wit/lOut c/t(l rge eClch 

Iu oH'.h to fmgilwers, scient ists, t.ec /'lli ciults, fI,ul oth ers interes t.ed 

in COttUIUl u ic(l t io n-jrfU/ ll fUU.:,. IIlellSUrelUent « lid control p rob feln. s, 

''''' en seu di ,lg rCII" es ts f or su bscri,Jtion s und uddress - clICl " ge n otices, 
please s up ply th e j o flowittK illjorm u t.iOfI: UUUlC, COli/polly oddress, type 

oj busi n ess comp(my is etl gllged i" , und tille or posit.io n of i"di /jid" al . 

GENERAL RADIO COMPANY 
215 MA SSAC HU SE TT S AVENUE 

CAMB RIDGE 39 MA SSA CHUSE TTS 
TE LEP HONE : TR nwbrld&8 6,4400 

BRANCH ENGINEERING OFFICE S 
ME W URI( t. NEW YO U 

U WUT ST UU 
f( l.- W Ort~ 2·SllJ 

LOS ANGEL U 11. CALIFORNI A 
1110 NORTH SEWARD STREET 

TH.- HO II , u.d '·UI I 

CHI CAGO S. ILLINOIS 
no S OUTN MI CHI IlAN AVE NUE 

TEl .-WH II' 2·lIn 
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