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Corrisgends for Rgpoxt I ('Twilight Intemsity at 20° Elevation', by P, Volz
and R, M, Goody, 1960, APCRC-TN-60-284),

pe 2, line 14, Should read ' ... the diameter of the earth's shadow
varies ..., '.

p. 19. Pormulae in centre of page should read

TeJowmea

P 21, Table 5. For ¢ = 60° replace 25 by 80, PFor J = 25° replace
200 by 300,

Fig. 13. Replace d log I,/ds by d log IL/d log L.

Pe 32, Table 6. The osome distribution employed corresponds to that
in fig, léc.

pPe 39, line 3, Should read ' ... a weighted mean inverse scale

helght so e 'o



1. Introduction

A previous report (Volz and Goody, 1960; herecafter referred to as Rep,
1) gave a general outline of our twilight research. The aim of the measure-
ments is detection and quantitative analysis of dust scattering in the atmos~-
phere as high as possible having regard to interference by the airglow and
unwanted scattering effects (in practice these give a useful upper limit of
80 km) . The brightness of the twilight sky is recorded in 5 filter ranges
from 380 to 660 mu, at an angle of clevation of 20°, in the sun's vertical*.
The instrumentation has been described in Rep., I, and a few results together
with some twilight computations were presented.

A total of about 100 twilights have been recorded, mainly between Sep~
tember, 1959, and September, 1960, with a few up to Rcvember, 1961, In this
report, the results at 20° elevation will be presented in chronological
sequence in the form of logarithmic intemsity gradients (d log 1/d8), color
ratios (CR) and absolute green intensities, all as functions of the sun
depression, Weather maps and cloud cross-sections along the path of the
setting (or rising) sun provide some information on possible cloud interfer-
ence, Daytime turbidity data, visual purple light observations and astronomi~-
cal data are also given, Details of the measurements, evaluation procedures
and data reduction will be discussed, together with procedures and results
of instrument calibrations. Discuseion of the results and interpretation in

terms of vertical dust distributions will however be treated in subsequent

*
Apart from a few special investigations where measurements were made at 7°.
90” and 160° elevation,
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2, I ion measuge

A detailed description of the imstrumentation has heen given in Rep.
I, but the general features will be repeated herec for better understaunding
of the results,

A photometer of 41 cm effective focal length, with maximum apecrture
£/3.3 at the focal plane and £/0.6 at the photomultiplier, was used, Sky-
light mezsurements from daytime to abcut ° sun depression we~e made with a
circular field of view 0.67 ° in diameter (field stop D), and in the later
twilight with a rectangular field, 0.79° vertical by 4.45° horizontal, A
removable objective cover provided further means of changing the light flux
into the instrument in order to restrict the range of amplifier gain and
rance of illumination of the photomultiplier. Cover cpenings of 3 and 10 mn
diameter were used at and shortly after sunset, and the full objective
opening was used for sun depressions greater than 6°.

Four spectral bands were isolated by interference filters, having poak
response at 380 mu (UV), 431 mu (B = Blue), 516 mu (G = Green) and 605 mu
(0 = Orange) and half widths of 10 to 14 mu. The fifth spectral band was
formed by an RG2 absorptiom filter in conjunction with the 10 stage RCA
photomultiplier 6217 (spectral response $-10), giving an effectivz wavelength
of 659 mu (R = Red) with a half width of about 100 mu, These filters, together
with suitable neutral density filters to equalize mean deflections, are
mounted on a rotating disc and each filter is held in position for 6 seconds,

The multiplier output is fed to an amplifier with a phase-sensitive
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detector, A chopper interrupts the light beam inside the photometer 150
times per sccond and also provides the reference signal for the sharply-
tuned amplificr. A gain switch at the amplifier input permits 7 gain
changes by a factor of 2. The amplifier output is recorded on a Leeds
and Northrup Speedomax Recorder with single trace, a time constant of 1
sec, and a chart speed of 2.5 cm per minute. The performance of the whole
equipment was generally excellent,

Several methods were used to monitor the sensitivity of the imstrument.
The fundamental calibratiome involved the measurcment of sun and star inten-
sities (see §3.4) which were periodically compared with an internal sub-
standard (LI) consisting of a layer of Undark Luminescent Paint (U, S. Radium
Corp., Palc Green Paint, type 12 M) which could be placed in fromt of the
filters. This internal sub-standard could be frequently and directly com-
pared with the twilight sky and could reasonably be expected to hold its
intensity (subject to temperature correctioms) between sun comparisons.
Unfortunately, a reading from the paint could only be taken with the green
filter, and it was necessary to assume constancy of color ratios. This
point was investigated by mecans of solar observations (§3.3.2 and fig. 2) and
with the aid of laboratory sub-standard lamps (LII and LIII) {lluminating
ground-glass scrcens through filters simulating the color of twilight (BG 28
and Kodak Wratten CC 50 M),

The twilight measurements were always made with the same schedule of
electronic and optical gain settings. Electronic and optical gain changes
kept deflections greater than 1/4 full scale, except for UV which sometimes

gave a smaller deflection,
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The azimuthal direction of the photometer was adjusted each 20 min,;
deflection changes during adjustment were less than 2% in all colors,

The twilight measurements were generally made by the author, but a few
were made by V. J. Vialker and J. Gille (TW., 74, 75, 77, 79 and TV, 85 to 92).
These twilights, and also the first 10 twilights, lack detailed visual obser-
vations of the purple light.

Measurements were always made with a cloud-free sky at the time of
twilight, and good to moderate visibility., No effort was made to avoid

distant clouds near or below the horizon.

3. Calibrations

3.1 Gain calibragions

As already described in Rep. I, an optical calibration of the amplifier
gain switch was in good agreement with electrical calibrations, Tests on
the amplifier failed to detect any deviation from linearity, Linearigy of
the multiplier tube was also demonstrated indirectly. Further special tests
on gain and linearity have not been made apart from comparisons of solar and
star magnitudes as discussed below, Gain factors due to changes of aperture
and field of view were derived from recorded deflections during laboratory
tests and on twilight records, The factors depend.alightly on wavelength.

3.2 TIemperatuxe depgpdence of photometer semsitivity

The twilight measurements were made in the open air and the instrument
temperature varied over a wide range. The temperature dependence of the
sensitivity of the photometer in the different filter ranges was determined

three times on cold days using the standards LI (radium luminescent paint)
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and LII (tungsten lamp) as light sources., Deflections were recorded with the
cold instrument, then at room temperature, after heating the instrument in a
large box, and then again at room temperature, LII and its controls were
always at room temperature, while the built-in LI was at instrument tempera~
ture,

Temperature (T) can influence both the emission of the luminescent paint,
IL(T),and the sensitivity of the photomultiplier, Since twili{ght measurements
are compared directly with paint intensity in greem light only the former
affects the absolute intensity measurements in green light, If we define

a temperature coefficient (08) by

1lT) - IL('ro) (1 + o (T - 1)

its best value was found to be GB - -1,5x 10-3 oc-l

Since standardization is only made in green light the differential
responge to temperature of the photomultiplier for different wavelengths
bad to be found from the comparisons with LII, If CR(T) is a color ratio

measured with the instrument at temperature T, and if
CR(T) = CR(TO) 1+ CCR(T - To)),

we found the best values given in Table I.
All observations were corrected to standard conditions, although even

for changes as large as 30°C the corrections are small,



TABLE 1

Temperatyxe coefficients of measured color ratics

Coloxr ratio R/G o/e G/B B/U

3

%R X 10 +0.3 +1.o ‘3.0 M.s
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3.3 Absolyte calibration of the photometer
3.3.1 Gepersl copsiderstions

The problem involved in making an absolute calibration can be stated
briefly as follows. Measurements at a normal twilight embrace a brightness
range of about 105'5, a constant recorder deflection being maintaincd by
changing electronic gain settings and optical apertures, The latter are
calibrated against the former by means of accurate deflection measurements
with alternste aperture and gain changes, and are therefore as accurate as
the clectrical calibration of the gain switch (sce Rep. I for discussion),

A theoretical discussion of the twilight data rcquires that they be expressed
in terms of the solar flux Feulehh where I0 is the mean solar brightness,
about 5.5 orders of magnitude greater than the brightness of the daytime

sky, and Wy is the (variable) solid angle subtended by the sun,

To calibrate our instruments directly against the sun in its low-intensity
ranges requires measuring a brightness ratio of 1011. This problem is in the
same class as the measurement of the sun's stellar magnitude, an astrometric
problem of the greatest difficulty, To avoid direct involvement in such dif-
ficult problems the calibration can be performed in two parts:

(1) Comparison of solar intensity using lowest optical and electrical
gain settinzs with stendard LI, This will vary from time to time as LI var-
ies and must be periodically repeated.

(11) Comparison of lowest and highest optical and electrical gain set-
tings, This may be presumed not to vary with time and can be determined

once and for all,
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In Rep. I we discussed two methods of performing (i). First we con-
structed a calibrated neutral density filter with a transmission of 8 x 10"6
in green light, The difficulties in using such a filter are however legion,
and the attempt was soon abandoned., Secondly, we proposed to make direct

'507

comparisons with the moon, which has a brightness about 10 I_.,and is

Py
therefore suitable for spanning the gap between sun and early twilight,
However, the moon's albedo is variable, phase sensitive and poorly determined,
and further thought showed that it was better to use an artificial diffusing
surface of known optical characteristics. A Lambert's law diffusor has a
brightness Iegb cos i/x where i is the angle of incidence. Since wy =

6.75 x 10.5 radiang , the loss function is close to 105, and suitable for
direct comparison of sun and early twilight sky. This gives a comparison

of LI to P. - Id“b’ suitable for low gain settings. It 1s referred to as

the sun calibration and is discussed in §3.3.2.

(i1) can be accomplished by having faith in the linearity of the gain
switch, Let us consider two instrument conditions, suitable for early and
late twilight respectively:

Condition I = Gain setting 1; objective aperture 2 mm.
Condition II = Gain setting 7(w64x); full objective aperture.
If the instrument inspects a sourse of brightness I, with angular field of

*
view &y , the deflection recorded will be

*

For sun, moon and stars, recorded with aperture greater than that of the
source, i 1is the angular size of the source, PFor diffuse sources w refers
to the stop in the focal plane,
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Dsguwl ’ (1)

vhere g is a gain factor, including both optical and electrical effects,
OQur problem is to discover the ratio 81/811’ Calibrating optical against
electrical settings and assuming the latter to be linear, we find
R = EI- s 5.4 x 10-6
M § . )

Two methods have been devised to verify this figure, Measurements
have been made on the total flux of fixed stars (§3.3.3, star calibrations).
Knowing the stellar magnitude of the sun this leads to a ratio R’.

The second method invelves direct measurements on the moon and on a
diffusor plate,similar to that used for the sun measurcments, when illum~
inated by moonlight., This gives a gain ratio close to R, and comparison
yields a third independent factor Ry (§3.3.4).

3.3.2 Suyn calibration

With the instrument in electrical and optical condition I, and field
stop D (see Rep. I, table 1), a magnesium oxide diffusor is placed st 45°
to the optical axis of the photometer. The imstrument is then pointed at
right angles to the sun so that the angle of incidence 1is also 45° (cos L =
12 )., Let f be the departure from Lambert's law (including absorptiom
effects), and let D0 be the recorded deflection. From equ. (1)

@
K] £x

gy . (2

Since the amplifier gain varies we refer simultaneously to the paint

deflection (DL) using condition I and field stop A. These conditions are
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always reproduced and hence we may write

L L

D* = Kgy 1 , 3

and include in the constant K corrections for the fact that the light stan~
dard is inside the instrument and not in the sky., We do not need to know

the magnitude of K. From (2) and (3)

® _ % gr®

R (4)
p* gi¥ nv2

The diffusor comsists of magnesium oxide smoke deposited on an alumi-
num plate, A diaphragm in front of the diffusor limits the amount of sky-
light reaching it to 2bovt 1% of noontime solar radiation, The smoke is
prepared shcrtly before each measurcment as recommended by de Vaucouleurs
(1651). Five layers of smoke from magnesium ribbon strips about 10 cm long
should elimirate the optical properties of the substra:ze., The values of £
(the deviations from the cosine law) were measured by de Vaucouleurs for
the conditions used here, They are 0,545 end 0,218 at 400 mu and 6GO mu
respectively for freshly-prepared diffucors, Afcer 5 menchs, f is 0,86
and 0,895 for the same wavelergths,

Fo varies with the air mass (sec z, z = zenith angle) and . olar distance

(r) according to

&)

where T is the optical depth of the atmosphere, and Foo the solar constant,

If we write



e ® T gec z 2
D,. = D e (1;) , (6)
equ, (4) becomes
p® ep®
A )
D KI” xv/2

On some occasions T was determined with the aid of a small sun photometer
(Volz, 1959), while on others measurements were made over a ramge of zenith
angles and the intercept (sec z = o) of the curve of log Do as a function of
sec z determined,

The only variable quantity on the R.H.S. of equ. (7) is IL, and the
ratio DL/DOo is therefore a direct measure of the variability of the phos-
phor, Fig. 1.shows how the ratio has varied with time over two calendar
years.

From September, 1959, to November, 1960, the photometer wea kept out-~
side under a thin wooden shelter and was subjected to a wide range of tem=
peratures. A very slow, temperature-dependent diffusion of radon, trapped
in the binder glue of the paint could perhaps explain the seasonal varia-
tion of the brightness of the phosphor.

A few values of Doe for all filters are presented in Fig, 2, after
applying a correction for variable £ of the diffusor plates, in the form of
solar color ratios. These data, taken together with a few laboratory meas-
urements of color ratios for LII, indicate no change with time of transmis-
sion of the filters or of spectral semsitivity of the photomultiplier. 1Inm
the data presented in the body of the report, color ratios of skylight are

presented in units of these solar color ratios.
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3.3.3 §tar celibrations

With the instrument set in condition 1I, a star of zero magnitude at
516 mu is allowed to drift across the field of view and the deflection Do*
at zero air mass is deduced. This reading is obtained by making measure-
ments on a number of bright stars at different zenith angles., Johnson (1957)
gives visual and blue magnitudes (sce Allen, 1955, for details of equivalent
wavclengths) for the fifty brightest stars referred to AOv stars as a base,
With these data, all star recordings can be reduced to zero magnitude AOv
at 516 mu, and the extrapolation to zero air mass is accomplished by plot~
ting the results as a function of this parameter.

From equs. (1) and (3), we have

* g P*
_qf._n -2, (8)
D 81 xt
and from equ. (7)
p* r*
oo . L o 22
Doo R "o. a £ . 9)

From a number of different observations, we find an average value

*
D

-5 = 0,19 0,01,
D
[}

The gquantity

n(516) = - 2.5 log,, ro°/r * (10)

o ?



*
is the stellar magnitude of the sun at 516 mu, According to de Vaucouleurs

the sun is a G2v star, with visual magnitude =26.73, corresponding to a& mag-~

nitude of -26,62 at 516 mu or Foelro* » 4,47 x 1010. There is some doubt as

to the visual magnitude of the sun, and the absolute scale of stellar photom-
etry, The figures given here differ, for instance, from those of Allen
(1955). There are also uncertainties attached to interpolating to \ =
516 =mu,

The value of ay to be inserted in equ. (9) was found to differ
from values given in Rep, I, Table 1, which were obtained by geometric
reduction of measurements on the angular size of field stop A, New direct
measurements have been made on the field stop D using drift curves of the
planet Jupiter and the displacement of a distant light source. The effect-
tve angular diameter was found to be 0.67°, Inserting these figures in

equ, (9), we find

R, = 5.3x 107 |

3.3.4 Moop measurements

The procedure here was to measure the recorder deflection under condi~

tion I using a field stop larger than tho angular sizc of the mooun:
Du - 81 (DHI“Q

Almost simultancously a measurement was made in comdition II, with field

*
Private communication, This figure is supposed to be the best value to use
in conjunction with Johnson's stellar magnitudes.
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stop D, using a large diffusing platec employed in a manner analogous to that

of the gun calibrations., The surface brightness of the plate is

M M
l - I—-LL
/2 =
and the deflection is
M M
M o £

We have therefore

[Sl-ﬁ—.———nu——-_g_

811 D“(duf) 4] b

Measurements of DH/DM(diff) were complicated by the interference of
diffuse sky-light, which was climinated by making additional measurements

with the moon artificially cclipsed. There resulted

D,
D_(diff) 0.241 ,
M
and hence
-6
RH 5.55 x 10 °,

4, Turbjdity messurements

Primary scattering in the twilight occurs principally at high levels,
and is modificd on the downward path to the imstrument by the variable haze
extinction i{in the lower atmosphere. All observatioms given in this report

have been multiplied by a factor
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[]
-1 Tx/sin

T = e

\ , (1)

where Tx is the optical depth of atmospheric haze separated from that of
the molecules, and € = 20° s the angle of elevation of the photometer axis.

The turbidity cocfficient

Bl = 0,43 Tl’ (12)

was usually mcasured before sunset or after sunrise at 440 and 640 oy with
a small auxiliary = photometer (Volz, 1959). Measurements close to the twi-
light were sometimes impossible;on these occasions the uncertainty in B may
be as high as 0,01, Its value at 500 mu is given in the data sheets while

for other wavelengths it is sufficient to use the relation

B, = \7"7, (13)

It 1e cuphasized that gll dats have becn wultiplied by T,”", but the

correction can be rcmoved, if desired, with the aid of the turbidity coef-

ficients given in the data sheets.

5 ion of o

As in Rep. I, the results are presented in terms of the derivative of
log intensity with respect to sun depression and color ratios., In addition,
the green intensity is compared with that of a representative twilight (TW 7),
whose absolute intensity is given in Table 3,

A preliminary evaluation disregarded the gain factor and worked on a

time scale rather than a scale of sun depression. Color ratios (CR) were
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computed cach minute, and also the ‘'slope' or ratio of deflections for each
filter at beginning and end of each minute (the logarithm of the 'slope' is
proportional to d log 1/dt), These slopes are very sensitive to the carc
with which the analysis is undertaken, and frequent checks had to be made,
All unusual or interesting features were checked personally by the author,
although short-lived deviationms, which were clearly not associated with
large-scale atmospheric phenomena were sometimes not explored in detail,

The factor dt/dd is required to convert from the 'slope' to the data
given here. The factor for 42°13'N is given in fig. 3. The abcissa was
then altered to be linear in 6,

Color ratios were corrected for instrument temperature (Table 1) and

for tropospheric turbidity., From equs., (11), (12) and (13), we have

r'l(xl) B(),) - B(,)
log -] - sin €
T ()
o @15 - gdyles] B
500 500 sin €
« k sin € [ (14)

Table 2 shows the values of k used in the reduction. If the expoment

R/G o/c G/ B/U

+0,285 +0,20 +0,30 40.25
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in equ. (13) were increcased or decreased by 0.5, for typical turbidity con-
ditions, log CR would change by $+0.03 - a relatively small uncertainty. No
attempt has been made to allow for changing values of the exponent,

The rapid decrcase of the sky brightness during twilight makes it incon-
venient to give absolute intensities of all or even one color for a whole
twilight, More inmstructive, enabling quick comparison between different twi-
lights, is a graphical representation of deviations of the intensity of twi-
light from a standard twilight., These relative intemsitics were computed
for cach twilight in green light only; the intensities for other colors canm
be calculated from the color ratios, if required,

Deviations from the standard twilight were corrected for solar distance,
sensitivity of the amplifier and the tropospheric haze, As a standevrd we
chose one of a series of closcly similar twilights in Fall, 1959, apparently
undisturbed by cloud effects. Intensities for this twilight, based om the

reduction factor Re’ are given in Table 3,

6., U r 8 & - i

During twilight the troposphere is opaque to sunlipght with wavelcngth
less than about 500 mu, For longer wavelengths however, the troposphere is
translucent and haze, clouds or mountains located at a distance from the
observer in the direction of the sun will intercept the solar rays and
increase the height of the earth's shadow, Isolated clouds cause the 'cre-
puscular rays' which are often observed during the twilight. In order to

obtain a rough impression of the cloud-cross section along the path of the
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& (log 1M +8
-4 6,619

-3 6,531

-2 6,423

-1 6.288

0 6.117

1 5.918

2 5.654

Note: TW 7 in fact was only mcasured to 11° sun depression; the extemsion

TABLE 3

he 8 d _twvilight

A= 516 m, €= 20°

60

.
W

. [
[V W

avUuPPLLUN
.
w

~4

(log,,1/F) + 8

5.502
5.329
5.120
4,882
4.63

4,383
4,144
3.907

3.434
2.956
2,451

to 16° 1s based on TW 3 and 4.

6()

10
11
12
13
14
15
16

(logloI/!) +8

1,953
1.511
1,134
0.809
0,543
0.324
0.248
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setting sun, appropriate sections of weather maps were ptepared*.

In fig. 4 are plotted positions of the setting sun and directions of
the sunlight for three deslinations (D). For convenience the location of
stations in the weather maps presented here has been given with respect to
a straightesed sunset line (sece insert in fig, 4). Data for the maps were
taken mainly from working weather maps of the Department of Meteorology at
MIT for 0 snd 12 h GMT {19 and 07 h EST), or if these were not available
from Veather Bureau Daily Weather Maps. From these data, tentative cloud
cross=sections along the sunset line were constructed., Because the angle
between the sunset line and the dircction of sunlight is large for sun
depressions > 10°, cloud cross-secticns should have becn constructed along
the irstantancous path of sunlight, However, the spavsity and the low
information contert of weather reports did not allow for such details, or
for consideration of the movcments of cloud systecms between the time of the
map and the twilight observation,

The weather maps were prcpared and analyzed by J. Vagner of MIT.

7. GCepexral commerts on data rresepted op twilieht graphs gnc 4ata sheets
7.1 Leraritbmic gradient
The sun depression scale has been calculated for seas level, without
considering atmospheric refraction,
The scale of d log 1/d6 is given only for Red, but can be transposed

for use with other colors, This scale is slightly non-linear (it is linear

)
Direct observation of low-elevation clouds are recorded on the dats sheets,
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in the 'slope', see §5), Crosses or heavy dots denote carefully checked
values. The line is drawn freehand.

The S-scale on the graphs of every tenth twilight (TW 1, 11, 21, etc.,)
has been supplemented by values of median scattering height (Hm) in Red and
Blue as derived from calculations of twilight models in Rep. I. Features
on the gradient curves for different colors of undisturbed twilights some-
times occur at equal nm’

7.2 Color xatios

Ordinates are decadic logarithms of color ratios in units of color
ratios for the extraterrestrial sun., The curves are usually not labeled and

confusion can occur somctimes with R/G and C/G. This can always be resolved

because for 4 = 5°

» the R/G curve is invariably above the 0/3 curve. The
amount by which the obscrved values of log R/G were lowered to allow for
tropospheric haze attenuetion is indicated by a mark (]') at the bottom
scale at § = 0,

Visual observations of purple light intensity and crepuscular rays are
notad near the top of the CR curve., Unsidced cye observations of the purple
light are very difficult, and were made with brownish sun glasses, looking
into a convex spherical mirror inm order to imcrease both the saturation of
red colors and the field of view, The purple light scale (PL) is from 0 to
5. Pecak intensities are usually from 3 to 5° sun depressicn., Reported
intensities refer to clavation 20 to 30°; purple lights at lower elevation
usually have a longer durationm,

The twilight arch is often interrupted by darker, bluish beems, diverg-

ing from the location of the sun (crepuscular rays). The brigheness and color
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contrast to the (apparently) unshadowed twilight arch is usually very small.
Up to about 6° sun depression, shadows often extend to the anti-twilight,
but may be too weak to be seen near the zenith, Just before complete dis~
appearance, at about 8° sun depression, the shadows usually extend to mo more
than 10° elevation, Only shadow beams passing through the field of view of
the photometer are of direct interest for the discussion of our measurements
and, in TW 72, alternate measurements were made in the dark and bright seg-
ments. The half circles above the color ratio curves denote the twilight
arch: crepuscular shadows are marked by bizck; an open half circle by itself
at 5 = 7° indicates that no trace of shadows could be seen throughout the
twilight,

Occasionally surorae were noticed in the late twilight, and sometimes
rocket trails were observed. The occurremce of these phenomena is also
noted on the color ratio curves,

In addition to interference by the airglow and Boston city lights, many
of our measurements in the late twilight are affected by scattered moon
light. Letters under the number of the twilight on the color ratio curves
indicate thc state of the moon according to the scheme in Table 4
(appropriate to the evening twilight),

Because of a counterplay of Moom brightness aad scattering phase func-
tion of air and haze, the influence of the moon on late twilight intensity
can be of the same order for cases MQ to MF, Por MI the influence may be

neglected,



Code

TARLE &

Moonlight {ntensity code
Time sequence of evening twilight,

Position of Moon

No Moon

In twilight arch

In southern sky

PFull Moon rising on ecastern

horizon

Shortly after Full Moon; i.e.,
late twilight measurcment taken
shortly before Moon rise

Moon phase

Moon rise 1 hr, after start of
astronomical twilight

to

2 days after New Moon

to

6 days after New Moon

to

4 days before Full Moon

to

1 to 2 days after Full Moon
(Moon rise at start of agtro-
ncmical twilight)

to

Moon risc 1 hr, after start of
astronomical twilight.



7.3 Relativg sreen intensicty

Here the logarithms of Green intensity of the twilight, referred to a
standard twilight, are given. Standard values (TW 7) were presented in
Table 3,

7.4 VYeathe 0 oggegectio

The sunset (or sunrise) section of weather maps is shown. The sunset
line, which is curved on ordinary maps, has been rectified. The North direc-
tion for Boston is marked by an arrow., Under the weather map is drawm the
cloud cross=section, showing the vertical distribution and amount of cloud
along the sunset line, as estimated from the weather map,

7.5 Twilight dats shects

Daytiwe sky: Visual observations of color and brightness of circum-
solar sky light, characterizing the aerorol size distribution (Volz, 1961).
Turbidity types refer to the sky from about 50° to 3° distance from the sun;
Ayreole types to scattering near the sun., Turbidity type 1 is characterized
by a steady increase of sky brightness and a decrcase of bluishness from
about 50° to about 2° from the sun. With types2 and 3, the sun is surrounded
by a bright disc of about 20° radius of nearly constant brightness. The
disc of type 2 is uniformly whitish, while the outer border of the disc of
type 3 is brownish and the inmer part bluish.

The description of the Aureole types a, b and ¢ is virtually the same as
for Turbidity types 1, 2 and 3 if angles are reduced by a factor 10 to 20,
The Aureole intensity scale is from O (no Aureole) to 3 (inner part of Aureole
somewhat glaring with 8% transmitting sun glasses). 7This .scale sen be extra-

polated with the aid of sun glass transmitting 0.6%.
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Relations between Turbidity type and twilight are only expected if a fin-
ite fraction of atmospheric aerosol is located above the tropopause.
Turbidity coefficient: Decadic attenuation coefficient of haze alone, at
500 mu, per unit air mass.
Vigitility: Based on observations of distant mountains shortly before sunset,
Synget or Sunrige: Calculated in Eastern Standard Time, for longitude and
latitude of Blue Hill Observatory, for center of sun. No account is taken
of the altitude of the site or atmospheric refraction.
Horizon: Haze and cloud observations, Otscrvations of near-horizon haze

structure and of clouds during twilight in azimuth of measurements,
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9, R obser io
Twilights 1 to 103 with omission of TW 23, 28, 29, 55, 67, 81, 87, 92, 95,
96.
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TWILIGHT 1

September 12, 1959, Morning

Daytime sky: Turbidiéy type:
Aureole type:

Turbidity coefficient:
Visibility:

Sunrise:

Declination:

Instrument temperature:
Horizon:

Color ratio graph:

1.3
al,

0.02

100 km
05 25 EST
+4,3°
+10°
Distant, low Sc over sea,

Points of log CR at 8§ = -8°; for
B/C replace G/B, and add R/G to

the circle near log G/B = O,
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Daytime sky:

TWILIGHT 2

September 12, 1959, Evening

Turbidity type: 1,7
Aureole type: ab2,_

Turbidity coefficient: 0.02
Visibility: 120 km
Sunset: 17 57
Declination: +4,2
Instrument temperature: 20%

Horizon:

In West below 1° elevation

hazy
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TWILIGHT 3

September 13, 1959, Morning

Daytime sky: Turbidity type: 1,7
Aureole type: ab2

Turbidity coefficient: 0.04

Visibility: 65 km

Sunrise: 05 26.5

Declination: +3,85°

Instrument temperature: +11°

Horizon: Single faint haze strips up to

S° elevation before sunrise,
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TWILIGHT 4

September 14, 1959, Morning

Daytime sky: Turbidity type:

Aureole type:
Turbidity coefficient:
Visibility:
Sunrise:
Decliration:
Instrument temperature:
Horizon:

Weather:

1,7
ab2

0,02+
100 knm
05 27
+3.6
+10°
Hazy below 2° elevation.
During twilight Ac in NW

appearing, covering sun soon

after sunrise,
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IWILIGHT 5

September 28, 1959, Morning

Daytime sky: Turbidity type: 1,9 ) As foregoing
Aureole type: day and at

Turbidity coefficient: > 0,085 noon

Visibility: e 30 kn

Sunrise: 06 42

Declination: -1,7°

Instrument temperature: 10°

Horizon: Before PL dense Ci fil. appear=-

ing, record discontinued,
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TWILIGHT 6

October 12, 1959, Evening

Daytime sky: Turbidity type: 1.4
Aureole type: abg

Turbidity coefficient: 0,03

Sunset: 17 04

Declination: -7.2°

Instrument temperature: 10°

Horizon: Scattered Ac below 2°,

Haze lenses < §°
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TWILIGHT 7

October 13, 1959, Morning

Daytime sky: Turbidity type: 1,7
Aureole type: a0

Turbidity coefficient: 0.02

Visibility: 100 kn

Sunrise: 05 59

Declination: ~754

Instruncat temperature: 8°

Horizon: Se < 1°, Shortly before SR

ine haze strips below 6°.
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TWILIGHT 8

October 16, 1959,

Daytime sky: Turbidity type:
Aureole type:

Turbidity coefficient:
Visibility:

Sunrisge:

Declination:

Instrument temperature:

Horizon:

Morning

1.6
al

~0.05
30 km
06 03
-8.6°
+5°

05 40

Ac below 10°, Horizon very

haze below S°.

05 20

traces,

Azimuth shift because of Ci
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TWILIGHT 9

October 16, 1959, Evening

Daytime sky: Turbidity type:
Aureole tyep:

Turbidity coefficient:
Visibilitv:

Sunset:

Declination:

Instrument temperature:

Horizon:

1,7
al

0.05
40 km
16 58
-8.6°
12°

Shortly after sunset, fine haze

veils up to 20°,
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TWILIGHT 10

October 20, 1959, Evening

Daytime sky: Turbidity type:
Aureole type:

Turbidity coefficient:
Vieibility:

Sunset:

Declination:

Instrument temperature:

Horizon:

Renmarks:

Haze below 3°

Distant 8t clouds from NW to NE.
Details of gradient in B and UV
partly obscured by undulatory
zero drifts of recorder due to

chopper trouble.
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TWILIGHT 11

October 21, 1959, Morning

Daytime sky: Turbidity type:
Aureole type:

Turbidity coefficient:
Vieibility:

Sunrise:

Declination:

Instrument temperature:

Horizon:

1.4
al

0.03

100 kn
06 08
-10.6
+2°
At § = 6° Sc traces in field

of view, at 2° thin Ci; azimuth

changed,



SUN DEPRESSION 8

-3 -2 -* o* 1 2° 3% 4% et B T7* 8° 9° 0% II* 12* 13° (4° |5°
s T = L T T T
GRADIENT TW 12
L
L -dlos 1/48 T
-
N
:
RED| \ |
oRy| \ _
G0 — \ —
LA _
uvc 1 . . L N 1 s A ) - A A i y

SUN DEPRESSION 3
-3* -2* -+ 0 * 2° 3 4 5 6 T° & 9 0 w12 P M 15
T T T T

L L T L L L L B S L
COLOR RATIO TWi2
tog, CR PLOQSI I & MO
%
0 [“ L
04 e’ P .'.._ RTTEN
% | v,
% R A A A AL .,
o+ loo
. i 'y - A y ) S A A N — 1 -
a2 | neanve

Wy | M 12
QI 4

m; h—&N‘\\\\\\NT<,ﬁ\& ,1////

- 1 1 P N | . . .
-3 o T 10* ' Tae
-2d -~ o > 8 '
-~ LR o ™ 2 €

\ o
. otk e a0 OATE OF war: 000 C87
2000 Km 1500 1000 500 °

o 0
""'L VY R A R A ) xm
o 777 227




TWILIGHT 12

October 21, 1959, Evening

Daytime sky: Turbidity type: 1,5
Aureole type: a2

Turbidity coefficient: 0.03
Vieibility: £ 80 km
Sunset: 16 51
Declination: -10,7
Instrument temperature: +3°

Horizom: Boston haze in West below 2°.



SUN DEPRESSION 8

A 6° T° 8¢ 9° 10° II* 17°  13°  14* 15°
A T T T T T T T
TW 13

-30  -pe -

T T

1] 4

GRADIENT
~dlog 1/d8
-

REO| /{“’ .
oR,{ - |
6
o ]
Ok e |

L A 1 il i A L. - 1 1 L 1 — A

SUN DEPRESSION 3
~3* -2 -i*r 0O * 2 3¥» 4 5 6 7° @8 9° 10° qy° 2* 13° |4 (5°

T T T T 1 T L] LS L T LS T L
COLOR RATIO TW I3
tog,CR | PL: a5 2 |(n MO

0 o, E———
6 o '.' HIGH ALTITUDE
.." .. fALL
0- R RN .
04 ) A XY (13 .
% s )
o t et b e, -
02 . .'-'-q-."'-".""' eae, S e .o...n.--.\.-.,..o,-. v, s
r . -.'.'..-"--.--....--..-.- LR A P
'8y
O-J ‘00
- A A - 1 1 1 L 1 L L L ' A

02- RELATIVE BAIGH
LS my

\_/1\

. ? mrwn nmz
ST
— } ¢ sosrou
s\\

e mt DATE OF MAP "“ "’
-
2000 Km 5

K AR G 0
"‘[ 00790 ve s JK'"
] [o]




TWILICHT 13

October 28, 1959, Rwenicg

Daytime sky: Turbidity type:
Aureole type:

Turbidity coefficient:
Visibility:

Sunset:

Declination:

Instrument temperature:

Horizon:

Balloon:

1.5
a2

0,01
115 km
16 40
-12,9°
+5°
Shortly after sunset; fine hage
up to 10°; few Cu clouds below
1° in W,

Before the end of twilight: Sc
banks below 2° in West.

Large High Altitude Balloon
observed from 12 to 13° sun
depression; brightness rapidly

decreasing. Elevation about 7°

azimuth ca 2350.
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TWILIGHT 14

November 9, 1959, Evening

Daytime sky: Turbidity type: 1,8
Aureole type: a3

Turbidity coefficient: 20,03

Visibility: 70 ko

Sunset: 16 25

Declination: -16.8

Instrument temperature: +5°

Horizon: Rather hazy below 1°, fine

hase below 15°
Gradient graph: Maximum of gradient in Red is

0.83 at S.0° sun depression,
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TWILIGRHT 15

November 10, 1959, Evening

Daytime sky: Turbidity type: 1,8
Aureole type: al

Turbidity coeffictent: 0,046
Vieibility: 70 m
Sunset: 16 24
Declination: -17.1°

Instrument temperature: +lly° c
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TWILIGHT 16

November 12, 1959, Evening

Daytime sky: Turbidity type: = =
Aureole type: a0,5

Turbidity coefficient: .092

Visibility: 17 knm

Sunset: 16 22

Declination: -17.6°

Instrument temperature: +8°

Horizon: At sunset haze layer up to

8°, later blazk haze border
up to 2°
Weather: After 5° sun depression thin

Ci fields from West
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TWILIGHT 17

November 26, 1959, Morning

Daytime sky: Turbidity type:
Aureole type:

Turbidity coefficient:
Visibility:

Sunrise:

Declination:

Instrument temperature:

Horizont

Weather:

Evening:

1.7
al

0.01s
57 ka

06 54

-20,.8

+2°%

Shortly after sunrise vertical
light pillar up to 10° eleva-
tion,.

At 5° sun depression small

Cu fra. passing, Shortly
after sunrise Ac9 in waves

PL 1.5 - 2, slightly shadowed,

Shortly after sunset Ci appear~

ing,
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TWILIGHT 13

Hovember 30, 1959, Evening

Daytime sky: Turbidity type: 1.9
Aureole type: a0,5

Turbidity coefficient: 0.06

Visibility: 38 ko

Sunset: 16 08,8

Declination: -21.6°

Instrument temperature: 0%

Horizon: Eeze up to 12° elevation.

In West St, layer from 1

to 2° elevation,
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TWILIGHT 19

December 4, 1959, Morning

Daytime sky: Turbidity type: 1,9
Aureole type: a3

Turbidity coefficient: 0.047

Visibility: 16

Sunrise: 07 03

Declination: -22,4°

Instrument temperature: +4°

Horizon: Sunrise in haze bands, which

contain Ac strips; haze up to
2° elevation, Haze top appar-~
ently only av 200 m above obser-
ver,

Gradient graph: Maximum of gradient in Red is

0.93 at 4.5° sun depression,
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TWILIGHT 20

December 9, 1959, Morning

Daytime sky: Turbidity type: 1,3+
Aureole type: a0

Turbidity coefficient: 0'016

Visibility: 30 km

Sunrise: 07 08

Declination: -22,9°

Instrument temperature: -5°

Horizom: Sharp haze border at 2° elevation,

Observatory just below haze top,
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TWILIGHT 21

December 9, 1959, Evening

Daytime sky: Turbidity type:
Aureole type:

Turbidity coefficient:
Visibility:

Sunset:

Declination:

Instrument temperature:

Horizon:

:233 at noon

0.03,
65 kn
16 07,2
-22,9°
MO

Dense haze up to 2,5°
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TWILICHT 22

December 10, 1959, Morning

Daytime sky: Turbidity type: 1.8

Aureole type: a3
Turbidity coefficient: 0.03
Visibility: 70 km
Sunrise: 07 05
Declination: -22.9°
Instrument temperature: 0%
Horizon: At horizon (S to NE) St and Ac

clouds up to 5° elevation,
At 7° sua depression yellowish
haze up to g° elevation, appar~
ently in higher tropospheric
levels,
At sunrise, faint haze strips
up to 5° elevation,

Remarks: Twilight 23 only from 6 to 11°
sun depression measured; data

not presented,

TWILIGHT 23
December 10, 1959, Evening

Observations started at 4.5° sun depression after disappearance of
Ci traces out of field of view, Data and graphs not presented but

quite similar to the ones of Twilight 22,
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TWILIGRT 24

December 14, 1959, Morning

Daytime sky: Turbidity type: 1,7

Aureole type: al
Turbidity coefficient: 0.016
Visibility: 80 km
Sunrise: 07 12
Declination: -23,2°
Instrunment temperature: «4°
Horizon: At about 4° sun depression

faint heze waves from 12 to
18° elevation. Some city

haze very low over sea.
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IWILIGHT 25

December 14, 1959, Evening

Daytime sky: Turbidity type: 1,4
Aureole type: a2

Turbidity coefficient: 0.017

Visibility: 100 kn

Sunset: 16 C7.5

Declination: -23,2°

Instrument temperature: 0°

Horizon: Thin Ci in waest up to 5° eleva~
tion,

Anti-twilight: Earth shadov at sunset in 2°

elevation, northern part 2°

higher,
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TWILIGHT 26

December 20, 1959, Evening

Daytime sky: Turbidity type:
Aureole type:

Turbidity coeffictent:
Visibility:

Sunset:

Declination:

Instrument temperature:

Horizon:

Anti-twilight:

1.7
a2

0.02_

115 km

16 09,2

-23,4°

-50

Up to 10° elevation distant Ac
and St clouds,

Irregular shape of earth chadow

before sunset
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TWILIGHT

January 1, 1960,

Daytime sky: Turbidity type:

Aureole type:
Turbidity coefficient:
Visibility:
Sunset:
Declination:
Instrument temperature:

Horizon:

Anti-twilight:

27

Evening

1.3

.013
130 km
16 16,5
-23°
0°
Strong haze strips up to 3°
elevation,

Upper border of earth shadow
sharp from S to NE, but not in

N direction (compare purple

light observations).

TWILIGHT 28

January 3, 1960, Evening

Local Sc clouds interfering from 4 to 6° sun depression; measurements

not continued, At ‘o sun depression PL 2,

TWILIGHT 29

January 6, 1960, Evening

Very hazy,

At 3° sun depression, messurements discontinued because

of local Ac clouds., At 3.5° sun depression PL 1 - 2,
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TWILIGHT 30

January 9, 1960, Evening

Daytime sky: Turbidity type: 1.6
Aureole type: al

Turbidity coefficient: 0.015

Visibility: 115 ko

Sunset: 16 23

Declination: -22,3°

Instrument temperature: -10°

Anti-twilight: Barth shadow at 4° sun

depression very irregular.
Weather map: Before midnight front system
moving rapidly from SW into sun-

set line,
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TWILIGHT 31

January 11, 1960, Evening

Daytime sky: Turbidity type: 1.7
Aureole type: a2

Turbidity coefficient: ~ 0,02
Visibilicy: 130 km
Sunset: 16 25,5
Declination: -22.0
Instrument temperature: -6°

Horizon: Haze border at 2° elevation
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TWILIGHT 32

January 12, 1960, Morning
Daytime sky: Turbidity type: 1.4 _

Aureole type: a0
Turbidity coefficient: 0.015
Visibility: 130 km
Sunrise: 07 18
Declination: -21,9°
Instrument temperature: «12°

Horizon:

Low Sc clouds over sea,

Anti-twilight: At 3° sun depression in S direc-
tion partly shadowed by Ci clouds

vhich are visible in SE,
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TWILIGHT 33

January 16,1960, Evening

Daytime sky: Turbidity type:
Aureole type:

Turbidity coefficient:
Visibility:

Sunset:

Declination:

Instrument temperature:

Horizon:

Rocket trail:

1.8,
82

0.025
80 km
16 31
-21,2°
-5°
Raze strips up to 20° elevation,
clearly visible up to 7° sun
depression, At about 7° sun
depression, reddish haze strips

up to 3° elevation.

Bright, distorted rocket trail in
left edge of twilight segment first
observed at 11,5° sun depression

(17 40 EST). Trail extending from
about 5 to 10° elevation, azimuth
212° (sua at 250°). Color photograph
at & = 12,7°, Brightness of trail
quickly diminishing at & = 13°%; trail

no more visible after § = 13.50.
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TWILIGHT 34

January 17, 1960, Evening

Daytime sky: Turbidity type: 1.8_
Aurecle type: a2

Turbidity coefficient: 0.010

Visibility: 135 km

Sunset: 16 %

Declination: -21°

Instrument temperature: 0%

Horizon: In early twilight strong haze

strips up to 15° elevation .
Moderately deuse Ci below 2°

elevation,

Moon: MO
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TWILIGHT 35

January 26, 1960, Evening

Daytime sky: Tuebidity type:
Aureole type:

Turbidity coefficient:
Visibility:

Sunset:

Declination:

Instrument temperature:

Horizon:

1.7
ad

0,032

75 km

16 43.2

-19,0°

0°

Below 3° elevation a few thin Ci
clouds and haze, Very distant, ver-
tical rocket trail, extending to
about 1° elevation, in center of
twilight segment, Trail gives raise
to a sharp crepuscular ray at sum
depression 4.4 to 5.5 At begin-
ning, trail bright and orange, at
5.5° sun depression dark red, and

i1lumination ceasing,
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TWILIGHT 36

February 3, 1960, Evening

Daytime sky: Turbidity type: 1,2
Aureole type: a2

Turbidity coefficient: 0.01

Visibility: 130 km

Sunset: 16 54

Declination: -16,8°

Instrument temperature: +5°

Anti-twilight: Vexry bright and colorful

Remarks: Details of gradient in Blue and UV

from 3 to 6° sun depression
rartly obscured by undulatory
zero drifts of recorder due to

chopper trouble,
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TWILIGHT 37

February 4, 1960,

Daytime sky: Turbidity type:
Aureole type:

Turbidity coefficient:
Vieibility: ,
Sunset:

Declination:

Instrument temperature:

Horizon:

Evening

1.2
a2

0.015

115 km

16 55.2

-16,5°

+8°

Dense haze strips (of indwstrial
origin) below 5° elevation, Some
clouds visible below 0,5° eleva-

tion.
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TWILIGHT 38

February 16, 1960, Evening

Daytime sky: Turbidity type: 1.6

Aureole type: al 4t noon
Turbidity coefficient: 0.065
Vieibilicy: 65 km
Sunset: 17 11
Declination: -12,8°
Instrument temperature: +2°
Horizon: Rather hazy up to 3°, haze strips

up to 20° elevation,

Remarks: Course of gradients near 4° sun
depression questionable bacause
of uncertainty of zero position

on chart,
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TWILIGHT 39

February 23, 1960, Morning

Daytime sky: Turbidity type:
Aureole sky:

Turbidity coefficient:

Visibility:

Sﬁnrise:

Declination:

Instrument temperature:

Horizon:

1.8_
al-2

0.034 (before 07 00)
later on 0,025

50 km

06 37

-10,2

-3°

Toward E strong sea haze up to
2° elevation. Around 06 00 hasze
strips up to 6° elevation,
Shortly after sunrise, up to

07 30, cloudy, banded haze on
eastern horizon below 8° eleva-
tion observed, Haze was appar-
ently located in upper tropospheric

levels,
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TWILIGHT 40

February 23, 1960,

Daytime sky: Turbidity type:
Aureole type:

Turbidity coefficient:
Visibility:

Sunset:

Declination:

Instrument temperature:

Horiszon:

Evening

1,7
a2-3

0,047

100 km

17 19

-10,2

+0.5°

Partly dark grey hese bands up to
8° elevation,

Cu fra clouds very eclose to hori-

gon in W to N,



