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ABSTRACT

A photoelectric telephotometer, which measured the illumination produced at a fixed distance
from a light source of known candle power, was developed to record directly the total horizontal
atmospheric transmission of light at night over a two sea-mile path. The apparatus consisted
of a multiplier phototube, a DC amplifier, batteries for operation, and a one-milliampere recorder.
It can be set up easily for field use. A 1000-watt projection-type lamp was used as a light source.
By means of a standard lamp, the photoelectric telephotometer was calibrated in a laboratory
light tunnel to record illumination in sea-mile candles. In the field the photoelectric telephotometer was compared with a visual telephotometer. Transmission measurements showed good
agreement between the photoelectric and the visual methods.
INTRODUCTION

V I S U A L method for measuring the horizontal transmission of light through the
atmosphere at night has been in use at
the Naval Research Laboratory for several years,
utilizing a visual telephotometer to measure the
illumination produced at a known distance from a
calibrated light source [1]. Need arose for a
device which would record automatically the atmospheric transmission over a two sea mile path
in clear weather for correlation with measurements made at night at different wavelengths by
a spectroscopic method [2]. A recording transmissometer for night and day use had already
been developed by Douglas and Young [3] of
the National Bureau of Standards for use at airports in hazy or foggy weather. T o meet the
special needs of recording transmission at night
only and in weather for which the total transmission of the atmosphere in the visible region of
the spectrum would vary from 20 to 80 per cent
over a two sea-mile path a new instrument was
developed.

A

tungsten source [5]. The color temperatures used
for the visual and photoelectric measurements
were 2360°K and 2850°K, respectively. A s seen
in F I G U R E 1 the maximum spectral response was
sufficiently close in agreement for the two conditions so that no attempt was made to correct the
phototube with a filter in order to make the
spectral response in closer agreement with the
dark-adapted human eye.
EQUIPMENT
F I G U R E 2 shows a vertical cross-section diagram
of the optics of the photoelectric telephotometer.
The continuously variable aperture A ± admits light

THEORY

The measurement of the transmission of visible
light by a photoelectric method requires a detector
with spectral response like that of the human eye,
such as a phototube corrected by means of a
filter to give approximately the same spectral
response as the eye. Figure 1 shows the relative
spectral sensitivity of the dark-adapted human
eye to a 2360°K tungsten source [4] and of the
R C A 5819 multiplier phototube to a 2870°K
* Now at U. S. Naval Underwater Sound Laboratory,
New London, Connecticut.

FIG. 1. Relative spectral sensitivity of dark-adapted
human eye and RCA 5819 multiplier phototube.
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FIG. 2.

Optical diagram of photoelectric telephotometer.

from the distant source. The light passes through
lens
and is brought to a focus at aperture A 2 .
Baffles B l f B 2 and B 3 reduce stray light reflected
from the walls of the housing. Lens L 2 is placed
so as to produce an image of lens L x on the sensitive surface of the multiplier phototube P.
The continuously variable aperture A x has a
maximum opening of 5.75 inches and can be closed
to an opening of about 0.25 inch. Lens L r is an
achromat, 5 inches in diameter, and has a focal
length of 19.7 inches. An opaque slide with a hole
which limits the field of view to one degree is used
for aperture A 2 . A smaller field of view than
this makes alignment difficult. Lens L 2 is a
spectacle lens 1.47 inches in diameter with a focal
length of 4.37 inches.
F I G U R E 3 shows a schematic diagram of the
electrical circuits. The multiplier phototube, R C A
5819, was chosen because its spectral response is
in close agreement with that of the dark-adapted
human eye and its photosensitive surface is large
in size and conveniently placed on the face of the
tube. Magnetic shielding is provided by means of
a cylinder of thin "mu metal" placed around the
tube socket and' extended about an inch in front
of the photosensitive surface. The output from
the phototube is fed into a direct-current amplifier
which consists of a cathode follower to match the
high impedance of the phototube to the low im-

FIG. 3.
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pedance of the recorder and a zero balance section so that the recorder can be set to read zero
for zero input. T w o sections of a 6SN7 tube are
used: one for the cathode follower and one for
the zero circuit. The constants of the amplifier
are such that the output voltage gives a full scale
reading on the recorder for approximately one
microampere of phototube current.
The equipment is battery operated for stability
and convenience in field use. A six-volt motor
cycle-type storage battery furnishes power for the
filament circuit of the 6SN7 tube. The plate supply is obtained from B batteries of 67.5 volts and
90 volts, respectively. Eleven 67.5-volt batteries
supply voltages for the various dynodes of the
multiplier phototube.
The optical and electrical sections are housed in
an aluminum box about 60 X 9 X 9 inches, a vertical cross-section of which is shown in F I G U R E 4.
The inside of the box is painted dull black. The
top of the box is hinged on one side. Rubber
gaskets and trunk fasteners, which clamp the top
down, make the box lighttight. A cover on the
front end of the box protects the objective lens
when the instrument is not in use. This cover
can be held open horizontally by means of a clip
which attaches to the carrying handle.
Finethread machine screws with large knobs are used
to aim the telephotometer.
On the right, F I G U R E 5 shows a preproduction
model of the photoelectric telephotometer set up
for measurements over a 2.21 sea mile path and
on the left a visual telephotometer. F I G U R E 6
shows the variable aperture Alf the location of
baffles, phototube, and battery compartment.
T o prevent damage of the multiplier phototube

Schematic of electric circuits of photoelectric telephotometer.
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FIG. 4.

Sketch of telephotometer housing with elevation and azimuth adjustments.

by daylight and make it possible to leave the
equipment unattended, a vane, attached to a small
clock motor actuated by an automatic time switch,
was mounted on baffle B 3 (FIG. 2 ) to cover the
hole in the baffle during the day and uncover
it at night.
The distant light source is a 1000-watt projection-type lamp which has a long life when operated
at a color temperature of 2850 ° K . The lamp
is mounted in a sheet metal box l x l x l foot
with one side open; the box is painted dull black
inside and outside.
On one side of the box
is mounted an ammeter. A voltage regulator is
used to stabilize the line voltage and a Variac
is used to set the lamp current.

FIG. 5.
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Visual and photoelectric telephotometers
set up for operation.

CALIBRATION

Calibration of the photoelectric telephotometer
was made with a small lamp standardized for
candle power when operated at a color temperature of 2360 °K. The lamp was placed 107 feet
from the entrance lens L x . Rotating discs of
various cutouts were used in front of the light
source to obtain changes in the mean illumination
at the entrance lens. F I G U R E 7 shows a typical
calibration graph where the recorder reading in
milliamperes is plotted against illumination in sea
mile candles. F I G U R E 8 is a graph of recorder
readings against various settings of aperture Ax
(arbitrary scale) for constant illumination.
A radium-activated luminous button, used as a
sensitivity check, is placed in a housing which may
be conveniently inserted in the front opening of
the photoelectric telephotometer. With apertures
A x and A 2 set for maximum openings a sliding
shutter in the housing is pulled out to expose the
telephotometer to the luminous button. The R C A
5819 multiplier phototubes were found to vary
widely in sensitivity. A tube of average sensitivity is satisfactory for the particular application
described.

FIG. 6.

Interior view of photoelectric telephotometer
showing continuously variable aperture.
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In the field the visual telephotometer was set
up to measure atmospheric transmission using the
same light source as used with the photoelectric
telephotometer. This was done on a night when
the total transmission over the path was 40 to 60
per cent and aperture
was adjusted so that
the recorder read the same value of transmission
as measured visually.
Thus the photoelectric
telephotometer was set to record transmission
directly on subsequent nights.
The luminous
button was used to check the constancy of the
phototube sensitivity at any time. Changes in
sensitivity may be caused by battery drift, leakage
in the high voltage dynode circuits, magnetic and
temperature effects, etc.
FIG. 7. Calibration graph of photoelectric telephotometer.

It will be noticed that the color temperature of
the lamp used in the absolute calibration was
2360 ° K while that of the source lamp used in the
field was 2850 °K. The reason for using a color
temperature of 2360 ° K for calibration is that a
small lamp at this color temperature has sufficiently low intensity and long life to be convenient for this purpose, while a small lamp
operated at 2850 ° K has such short life that its
candle power would change appreciably during
a calibration run. In addition a visual telephotometer was calibrated by means of a lamp standardized for candle power at 2360°K and in the
field an 86B Wratten filter was used to reduce
the color temperature of the 2850 ° K source lamp
to 2360°K. Since the spectral response of each
multiplier phototube used was not determined
at 2360 °K, the absolute calibration of the telephotometer at this color temperature introduces
a certain amount of approximation; however, the
linearity of response of the telephotometer is confirmed.

MEASUREMENT AND ANALYSIS

A series of comparison runs was started on
January 9, 1951 with the visual and the photoelectric telephotometers over a 2.21 sea-mile path
between a platform in Chesapeake Bay and the test
control tower of the Chesapeake Bay Annex of
the Naval Research Laboratory. On the first few
nights an attempt was made to set the continuously
variable aperture A± so that the recorded transmission over the path would be the same as that
calculated from the visual telephotometer readings.
After several nights of trial with the preproduction model of the photoelectric telephotometer
aperture A± was fixed at a setting of 12.5 divisions on the aperture scale. Transmission measurements at this setting during subsequent nights
indicated errors caused by light from the source
reflected by the water. The light source was then
baffled to reduce such reflections as much as
possible.
TABLE I .
AVERAGE TRANSMISSION OVER A
DISTANCE OF 2 . 2 1 SEA MILES
Date
(1951)

Time of
Reading

Jan. 19

2013-2019
2208-2213
2331-2337
2121-2125
1907-1914
1858-1907
2055-2107
2015-2045
1843-1853
2035-2041
1856-1859
1915-1918

20
23
24
25
27
28
30
Feb. 6
FIG. 8.

Effect of varying entrance aperture of
photoelectric telephotometer.

Visual

Photoelectric

0.54
0.49
0.60
0.78
0.78
0.55
0.31
0.47
0.02
0.66
0.19
0.24

0.57
0.56
0.60
0.81
0.76
0.52
0.32
0.43
0.04
0.65
0.24
0.28

Aver. 0.47

Aver. 0.48
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Total transmission over a path of 2.21 sea m i l e s visual versus photoelectric.

Table I is a summary of transmission measurements made after the light source was baffled.
A t was set at 12.5 divisions for the first four
values of transmission tabulated. The rest of the
tabulation was for a setting of At = 12 divisions,
which setting was for full scale deflection on the
recorder corresponding to 100 per cent transmission as determined from the calibration of the
photoelectric telephotometer. It appears from a

FIG. 10.
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graph of the results in F I G U R E 9 that there is close
equality between the visual and photoelectric
methods of measuring transmission.
F I G U R E S 1 0 and 1 1 are photographs of transmission records selected to illustrate a variety of
weather conditions. The record for the night of
January 23 is interesting in that it shows the
passage of a weather front. The first part of the
night was clear. A disturbance began at 9 p.m.
and rain occurred during the latter part of the
night. The abrupt rise and fall in the transmission towards morning coincided with a like change
in temperature. During the nights of January 24
and 25 the weather was generally clear with
steady barometric pressure, but the relative humidity and temperature were higher and fluctuating
on the night of January 24 as compared with the
night of January 25. On the January 27 record
the rapid drop in transmission at 8:05 p.m. coincided with a rapid decrease in temperature and
rise in humidity. Illustrations of a change from
rain to clear weather are seen in the transmission
records for the nights of January 28 and 29. During the night of January 30 the atmosphere was
clear except for a pronounced disturbance at 3 :30
a.m. caused by sleet. The dips in the record during the first part of the night indicate zero checks

Transmission records for January 23, 24, 25, and 27, 1951.
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Transmission records for January 28, 29, 30, and February 1, 1951.

made on the recorder by covering the front of
the telephotometer. The February 1 record was
for a clear night.
The effect of twinkling caused by atmospheric
turbulence is conspicuous in the transmission
records even though a 1000-microfarad condenser
was placed across the recorder to increase the
damping of the moving coil. In the transmission
records described, clear weather is indicated by
a transmission greater than 15 per cent over the
two sea-mile path. In general, twinkling decreases
when the transmission decreases and increases
when the transmission increases. Goldstein [6]
found that in general the twinkle was greater on
clear nights than on hazy nights. It cannot be
stated, however, that the twinkling is always
greater at higher transmission than at lower transmission because there are cases of large twinkling
at low transmission and small twinkling at high
transmission. For example, the record for the
night of January 28 shows large twinkling from
9 to 9 :30 p.m. at low transmission. This coincides
with a very rapid rise in temperature and fall in
relative humidity which probably accounts for the
atmospheric turbulence. In contrast to this example, the record for February 1 shows a period

of no twinkle at a much higher transmission. The
large twinkling on January 27 starting at 11 p.m.
coincides with moderate changes in temperature,
relative humidity, and barometric pressure although small fluctuations do appear in the temperature and relative humidity records.
CONCLUSIONS

Total transmission of the atmosphere over a two
sea-mile path at night in the visible region of
the spectrum was recorded directly by a photoelectric telephotometer using an R C A 5819 multiplier phototube. The spectral response of the tube
compared closely enough with that of the darkadapted human eye to give good agreement between the photoelectrically recorded and the
visually measured values of transmission.
Twelve comparison runs between the two
methods, covering a wide range of transmission,
gave an average transmission over the 2.21 seamile path of 0.47 for the visual and 0.48 for the
photoelectric method.
The average deviation of the measurements
from equality between the two methods was ± 5
per cent.
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RADIATIO

Eppley Pyrheliometers are used for solar
radiation measurements at ninety-eight
weather stations in the continental United
States, Canada, Alaska, Greenland, Iceland, Caribbean Sea, and the Pacific
Ocean. Sixty-two of these stations are
under the direction of the United States
Weather Bureau.
The Eppley Pyrheliometer was adopted
as standard equipment by the Weather
Bureau after considerable experimentation. It was found to be the best instrument so far tested by the Bureau.
Used in conjunction with a suitable
recorder, the Eppley Pyrheliometer will
provide an accurate and reliable record
of total solar and sky radiation on a horizontal surface.
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