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SUMMARY

This report describes the development and the results of a serles
of calibrations of a portable projector for the purpose of providing
fdcilities for calibrating a permanent control beacon. This beacon was
installed on a 300-meter outdoor photometric range at the National
Bureau of Standards. Its calibration involved determinations of atmos-
pheric transmission, and required a portable standard light source with
sufficient ilntensity to be measured photometrically at the dlstance em-
Ployed.

INTRODUC TION

The photometry of beacons and similar projectors requires the use -
of a photometric range of sufficient length that the unit may be con-
sidered as equivalent to a point source and the inverse square law may
be considerid valid. Such a range should be not leas than required by
the formmla

_Rd
D=+

where D = photometric distance, or length of the range,

d = maximum length of optlecal path from the 1lght source to
the eperture of the reflector or lemns,

R = maximm radius of aperture of unlt,

r = minimum redius of the envelope of the projected light
pource, ag seen from the peoint to which d is measured,

Where & multicoil filament is used as a source, each coll should
be considered as a separate asource, unless the optical system is de-
signed to spread the beam transversely to the coll,

Using the values of R = 1.0 feet, d = 1.13 feet, and r = 0.0017
feet, which are approximately the values for 24-inch beacons now in use,
D will be found to be 665 feet. For a 36-inch beacon the theoretical
distance will be 1,500 feet, but experience has indicated that a range
900 feet long reduces the errors to an acceptable 1imlt.

lTis formula was developed by Mr. Frank Benford, of the General
Electric Company, in his "Studies in the Projection of Light™ published
in the OGeneral Electric¢ Review, wvol. 26, page 231, April 1923, Equation
(42). It is also the formula for a photometric range required in the
Civl) Aeronautice Administration's Standard Specifications for Alrport
Iighting.
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The maximum convenient distance avallable at the Naticnal Bureau
of Standards is 948 feet (289 meters), and the range was installed with
this length. A permanent reference or control beacon was set up cn the
9,B-foot range to serve as a means of determining the atmospheric trans-—
mission when beacons are being tested.

In the past, the transmisslon of the atmosphere during any test
was taken as the ratio of the candlepower of the control beecon, as
meagured during the test, to the candlepower measured on the clearsst
days when the transmlisslon is assumed to be 1,00, Dleturbing dia-
crepancies were found in the data and little could be done to guard
against changes in the equipment or to determine the actuasl tranemleelon
cn the clear days used for reference. Accordingly, this project wae
undertaken to provide a meansa of callbrating the permanent control pro-
jector at regular intervals. This could be accomplished by means of a
portable projector which could be measured on the outdoor range and
also on a 98-foot (3C-meter) indoor range which is available at the
National Bureau of Standards. The transmisslon of the atmosphere comn
the latter range is very close to 1.00. These two ranges will be re-
ferred to as the 300-meter and the 30-meter ranges, respectively.

The use of a portable projector and the 30-meter range appeared
advisable for the following reasona:

1. The permanent control projector 1s not portable.

2. GCandlepower measurements on a projector of this type over as
small a distance as 98 feet would not be sufficiently accurate.

3. No convernient intermediaste polnt was available betwsen the
permanent control projector and the photometer from which the projector
could be calibrated.

4e It was consldered advisable to provide an awdliary projector
and use it to calibrate the permanent projector only as frequently as
the instability of the latter made 1t necessary. In this way the fre-
quency of recalibration of the portable projsctor could be kept to a
minimum.

FROCEDURE

An swdliary portable prolector was constructed. This projector
was mesasursd on the 30-meter range where the transmission of the at-
mosphere was considered to be sufficlently high mso that the wvalues of
1.00 could be used without apprecisble error. The candlepower measure-
ment thus obtained, with sultable corrections to be described, was
used to determine the basic value ¢f the candlepower of the projector
for the msssurements on the outdoor range. The ratic of the apparsnt
candlepower actually obtained at the time of any messurement to the
basic value obtained from the indoor measurement was taken as the trana-
mtssion of the atmosphere at that time.
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The requirements for the portable projector were that it be stable
in its candlepower characteristics, capable of being transported with-
out loss of alignment between its component parts, and of such design
that it would provide sufficlent illumination to be convenlently
measurable on the 300-meter range and, at the same time, be sufficiently
small to be acourately measurable on the 30-meter range.

In accordance with these requirements, the lamp chosen for the
portabls projector was an experimental type L lamp with a parabolic
glass reflsotor and & front gover-glase constituting the bulb of the
lamp, These lamps are similar to "sealed-beam" automoblile headlight
lamps, except that the cover-glass 1s plain instead of prismatic and
they have 6-volt, 100-watt, C-6 filements. Heavy filaments such as
these tend to be more stable in operation than lighter cnes. The lo-
cation of the reflector on the inside of the bulb, where it i3 exposed
only to the inert gas with which the bulb is filled, lessens deteriora-
tion and consequently further tends to promote stability. At first
the lamps were operatsd at 15 amperes but later, to make more certain
of the stabllity of the filaments, they were operated at 1/ amperes.
This corrgsponds to a powsr consumption of 63 watts, well below their
rating of 100 watts.

In order to obtain sufficlent candlepower, three of these lamps,
mounted on a rigld panel, were used together. To make possible an
accurate correlation between the messurements made on the 30-meter and
the 300-meter ranges, a telescope with cross-hairs was mounted integral-
1y with the three lamps on the panel. Figure 1 is a view of the complete
assambly..

By the aid of traverses taken with the auxiliary projector mounted
on a goniometer, the telescope was fastened to the assembly in such a
way that the intersection of its cross-halrs was directed approximately
jn the direction of the peak of the combined beams. For all measure-
"ments mede on the 300-meter range, the asmembly wae directed ao that
the cross-haire intersected at the center of the image of the photocell
which received the light from the projector. Because the esxes of two
of the lamps were offset 5 inches and the axis of the third was offset
5-1/2 inches from the axis of the telesecope, a parallactic error was
present when the candlepower of the projector was messured on the
30-meter range and the telescope was directed in the same manner as on
the 300-meter range. Accordingly, sultable targets were constructed
and located in such a way that when two of the lamps were covered and
the telescope directed at the proper target for the third lamp, the un-
covered lamp was aimed in the same direction with relatlon to the
photocell as when the projector was measured on the 300-meter range.
By repeating this process for each of the other two lamps and adding
the candlepower valuss for the three lamps, the basic value of the
oandlepower for the outdoor range was obtained. Measurements were also
made with the teleascope directed at the photocell, both with the lamps
operated one at a time and with all three lamps operated together.

D=-227 12
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CALIERATION RESULTS

Table I gives the results of the calibration measurements on the
30-meter range.

Table I
Results of Calibration Measurements on 30-meter Range

Lamp Intensity of Beam in Kilocandles

I
Current Al

Date Anmperes z1 _]':E Percent Ip 1/2 E X1 -|-I1_:.)_
6/21/41 15 382.2  381.8 0.1 378.0  0.990
7/12/41 15 386.2  386.2 0.0 382.3  0.990
g/26/41 15 390

7/lhfi2 15 383.4

B/26/41 14 256.7  257.3 0.2 253.9  0.998
10/28/41 14 254,

T/Ufh2 L, 252.8

Z1 is the cendlepower cbtained for the portable projector with
the telescope aligned with the photocell, the three lamp-beams measured
separately, and thelr candlepowers added to give the reported valus.

I; is the candlepower.of the unit with the same aligrment as for
LI, but with the combined beams of the three lamps measured at once.

e
AI is the percentage difference between the yalues reported in
II and It,

Ip is the candlepower of the pro]ector corrected for parallax
through the use of the parallax-correcting targets descrlibed herein
under PROCEDURE. This is the basic value used for 300-meter range
measurements. The last column glves the ratio of the parallax-
corrected candlepower_to the average of the two uncorrected candle-
power values LI and lt.

From Table I, 1t may be seen that on each of three separate cali-
brations, the baslc candlepower measured 1n the mamner described under
PROCEDURE for avoiding errors due to parallax, was close to 1 percent
lese than the value which was obtained by directing the telescope at
the photocell and taldng a single candlepower reading without correction
for parallax. Tt was declded, accordingly, that the procedure could be
slmplified by applying the 1 percent correction to the single reading,
checldng occasionally to affirm the validity of the methed.

The following table gives the apparent transmissione obtained with
the portable projector between June 1941 and June 1942, together with
the candlepower of the permanent control beacon computed from these
transmissions.

Lo

oy
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Table IT

Apparent Transmission on 300-meter Range

Apparent Permanent Contrel
Date Time Transmission Beacon
Kilocandles
June 28, 1941 10:30 AN, 0.94
June 30, 10:15 n 0.89
10:30 n 0.86
11:45 ® 0.90
July 8, 9:45 AM, 0.95
1015 n 0.95
July 9, 9:15 A.M. 0.93
9:30 7 0.94
10:25 W 0.95 510
10:40 " 0,95 510
Sept. 5, 1-30 P.M. 0.95 559
3:30 n 0.95 544
Sept. 6, 11:15 A.M, 0.97 546
Sept. 8, 9:30 0.92 539
10.45 *® 0.91
11.00 n 0.92 540
3:15 P.M. 0.92 532
Sept.18, 3:15 0.96 523
Oct. 1, 12:45 n 0.95 526
Oct., 2, 11.:15 ALM, 0.96 523
Oct. 17, 2:45 P.M. 0.97 516
3:00 M 0.98 511
Oct. 18, 9:00 A.M. 0.95 502
10:00 " 0.93 510
Oct. 20, 9:15 n 0.97
Oct. 21, 9:30 ™ 0.96 501
Oct, 22, 10:00 A.M. 1.02 502
330 P.M, 1.02 L97
Nov. 8, 11:00 A.M. 1.00 509
1.02 497
1.00 502
1.02 491
12:00 Noon 1.03 486
Nov. 13, 2:50 P.M. 0.88 491
3:00 ® 0.91 475
Nov. 21, 1:30 = 1.00 462
Dec. 26, 11:00 A.M, 0.80 508
12.45 P.M. 0.83 494
400 W 0.86 502
Jan. 7, 1942 10:00 A.M, 0.91 496
Jan. 12, 10:00 H 0.87 488
Jan. 13, 10:00 n 0.89 481
Jan, 14, 2:00 P.M, 0.88 492
Jan. 16, 2:00 1 0.94 468
Feb, 13, 9:00 A.M, 0.92 477
Feb, 23, 1:00 P.M. 0.92 479



Apparent Permanent Control

Pate Time Transmigsion Beacon
Kllocandles
Feb. 25, 9:00 A.M, 0.89 4777
Feb, 27, 11:00 *® 0.93 465
Mar. 5, 11:30 n Q.60 497
2:40 P.M. 0.83 476
Mar. 6, 1.15 n 0.91 475
1:45 = 0.90 465
Mar. 10, 9:45 AN, 0.95 462
Mar. 26, 2:00 P.M, 0.93 458
Mar. 27, 10:30 A.M. 0.90 452
Apr. 14, 3 30 P.M. 0.91 472
May 11, 2:15 0 0.90 457
June 2, 2:30 " 0.89 460
g:15 n 0.89 459

DISCUSSION

The transmission data obtained with the portable projector are in
some respects unsatlsfactory. Measurements made at different times on
the outdoor range do not correspond very well with the preveiling con-
dition of the atmosphere as obassrved by the eye. Anomalous values of
the transmiesion of over 1.00 were cobtained on several occasionz. The
candlepower of the permanent control beacon, computed from the trans-
mission measurements made with the auxlliary prolector, appears to be
erratic.

The dlscrepancles between visual cbservation and measursd trans-
mlssion arise in part from the fact that the visual observations are
usually made through a portion of the atmosphere differing materially
in directlon, length, and adjacent terrain from the atmosphere on the
300-meter range. Furthermors, it is known that there are appreciable
variations in the refraction of the atmosphere along the range. The
affect of these variatlons may be different for beams with different
candlepower distribution and may account in part for the erratic candle-
power values of the permanent control beacon. In additlon to these
atmospheric difficulties, large varlations in the temperature of the
apparatus encountered at different seasons of the year and at different
times of the day make accurate electrlcal and phofometric measurements
difficult. Finally, the measurements on the portable and on the
permanent projectors are not made similtaneously. To some extent the
erratic candlepower values of the permanent projector may arlse from
actual variations in the atmospheric condltions.

On the other hand, measurements made on the 30-meter range appear
consigtent and precise. The readings of Iy reported in table I show
a small drift upward followed by a small drift dowrward. The values
of AI are very small, indicating satisfactory linearity in the photo-
electric photometer used. The conslstency of the values of the ratlo
reported in the last column 1s excellent. An examination of the data

used to obtaln the reported values in the table shows an unusually high
preclision.

[P
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The apparent reliability and consistency of the measurements on the
30-meter range imdicate that the portable pro)ector is satisfactory.
The data thus far obtained are of value in making improvements in the
equipment and in its operation, for the purpose of reducing errors in
the measurements.

It is to be observed that the tandlepower of the permanent control
beacon appears to be drifting downward. This presumably is caused by
some gradual change in the equipment, and if no allowance were made for
it, a systematic error in the measurements made on the 300-meter range
would result. It is to protect agasinst such errors that the present
project was undertaken. The auxiliary projector will afford such pro-
tection, 1n future tests.
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FIGURE 1.

"General View of Portable Projector®




