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Abstract 
This study is concerned with determining the altitude of the sun under the 
horizon to the beginning and the end of the true and pseudo dawn and dusk. 
In 2007 and 2008, the Sky Quality Meter (SQM) was used in four regions in 
Malaysia to measure the brightness at night, pseudo dawn, true dawn, true 
dusk and pseudo dusk. The measurements were taken when the device was 
directed to the position of sunrise and sunset at the horizontal angle of the 
sunrise or sunset and at five degrees above the horizon during the entire 
monitoring period. The altitude of the sun for the true dusk was found to be 
−14.38˚ ± 0.91˚ and for the beginning of the pseudo dusk was found to be 
−14.86˚ ± 0.91˚ and the end of the pseudo dusk is −17.8˚ ± 0.7˚, while for the 
beginning of the true dawn it was found to be −14.19˚ ± 0.52˚ (for high con-
fidence −14.71˚) and for the pseudo dawn was found to be −18.62˚ ± 0.82˚. 
The light magnitude of the full night after the pseudo dusk was found to be 
20.77 ± 0.93 mag./arcsec2, while it was found to be 22.17 ± 0.1 mag./arcsec2 
before the pseudo dawn. 
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1. Introduction 

The study of the twilight of various types is extremely important for large seg-
ments of the society, especially astronomers, to study the planets during the twi-
light for the length of the twilight in the summer months in the upper latitudes 
[1]. When the sun reaches a depression of 10˚ - 15˚ below the horizon, the in-
trinsic glow of the upper atmospheric layers begins to appear together with star-
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light, and the illumination conditions gradually approach those of night. The 
transition to night is usually complete when the sun is depressed 17˚ - 19˚ below 
the horizon [2].  

Humans can distinguish about 7 to 10 million different colors just name them 
and build an instrument that identifies them [3]. Miethe and Lehmann reported 
observations of the dawn and dusk in Aswan of Egypt (24˚6'N, 30˚45'E and 160 m 
Elev.) in the winter of 1908 and by a camera made especially for this purpose. The 
conclusion of their results was that the first light appeared from the east at a = 
−17.35˚ and the first appearance of color difference (true dawn) was at a = 
−14.25˚, while the beginning of the true dusk was at a drop of the sun under the 
horizon by at a = −14.9˚ [4]. Nawar [5] studied the spectral photometry of the 
zodiacal light near the tropic of cancer at Daraw and Abu-Simble in Egypt by a 
photometer in the BVR regions. Photoelectric observational model of the zo-
diacal light brightness and polarizations in the blue, yellow and red colors has 
been suggested during quiet solar activity. The ratios of the zodiacal light bright-
ness at minimum solar activity to that at maximum solar activity are 1.3 and 1.7 
for the observations carried out at low and high altitudes above sea level respec-
tively. The maximum brightness of zodiacal light occurs during the new moon, 
which is 1.29 times the brightness at lunar age 10 days. The brightness of the 
zodiacal light, for the observations carried out at high altitudes above sea level, 
is larger than that deduced at low altitudes by mean factors are 1.5 and 2 for 
small and large elongations respectively [5]. David [6] and Reach [7] studied 
the origin of the zodiacal cloud and carbonaceous micrometeorites (the zodiac-
al cloud is a thick circumsolar disk of small debris particles produced by aste-
roid collisions and comets). The particles produced by Jupiter family comets 
(JFCs) are scattered by Jupiter before they are able to decouple from the planet 
and drift down to 1 AU. Therefore, the inclination distribution of JFC particles 
is broader than that of their source comets and leads to good fits to the broad 
latitudinal distribution of fluxes observed by Infrared Astronomical Satellite 
(IRAS). About 85% to 95% of the observed mid-infrared emission is produced 
by particles from JFCs and <10% by dust from long-period comets. Patat et al. 
[8] studied the UBVRI twilight brightness at dome C [9] and found that the 
night sky brightness level is reached around zenith angle of the sun between 
105˚ and 106˚. The results of this work show the rate of the total spectrum got 
converted from the positive to negative signs at solar altitude of a = −14.8˚. The 
Rayleigh-scattered sun flux clearly contributes in the region bluewards of 5000 
Å down to a = −15˚, after which the pseudo-continuum of the night sky emis-
sion takes over.  

Several published works for the true dawn according to the photoelectric mea-
surements in the desert background at different sites in Egypt showed that it ap-
pears in the sun altitude range between −14˚ and −15˚. The naked eye observa-
tions for the desert background in several regions in Egypt, Libya and Saudi 
Arabia showed that the true dawn happens at a = −14.7˚ in the desert areas, 
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while it happens for the agriculture and coastal areas (in Egypt and Libya) at a = 
−13.5˚. The total number of observations taken in these researches by both pho-
tometer and naked eye exceeds 1300 observations. The published work of the 
evening twilight (end of twilight or end of the pseudo dusk) showed that it ranges 
between −18˚ and −19˚ according to the photoelectric measurements in the 
desert area at different sites in Egypt. Table 1 summarizes the published work of 
observing twilight in different locations and methods using the naked eye (N.E.), 
camera and photoelectric (P.E.) for the true dawn and the end of pseudo dusk 
(end of twilight).  

Table 2 represents the twilight brightness conditions at the major level of the 
civil, nautical and astronomical twilights [14]. There is a great expansion in re-
cent times in the use of the SQM in the twilight and light pollution observations 
around the world because it is sufficient and easy to carry, especially in desert 
and remote areas [23] [24] [25]. 

The objective of this study is to determine the limits of the light magnitude 
against the sun vertical depression below the horizon for: pseudo dawn, true 
dawn, true dusk and pseudo dusk at different locations in Malaysia.  

 
Table 1. Summarization of the published work of observing twilight using naked eye (N.E.), camera and photoelectric (P.E.) for 
the true dawn and end of the pseudo dusk, where the sun vertical depression Do ≡ −a.  

Location Lat. N Long. E Elev. (m) Location Method 
Do, True 

Dawn 
Do, End of 

Pseudo Dusk 
Authors 

Riyadh (Saudi Arabia) 25˚ 46' 74˚ 12.16' 540 Desert N.E & Camera 14.6˚ ± 0.3˚  [10] 

Bahria (Egypt) 28˚ 42.9' 29˚ 59.82' 150 Desert P.E. 15.5˚ 19.5˚ [11] 

Bahria oasis, (Egypt) 28˚ 42.9' 29˚ 59.82' 150 Desert P.E. 14˚ ± 0.5˚ 19.5˚ ± 0.5˚ [12] 

Kottamia (Egypt) 29˚ 55.9' 31˚ 49.5' 470 Desert P.E. 14.5˚ 19˚ [13] 

Tanjung Aru (Malaysia) 5˚ 57́ 116˚ 02' 4 Desert SQM  18˚ ± 0.16˚ [14] 

Matrouh (Egypt) 31˚ 0.2' 27˚ 51' 75 Sea-Desert P.E. 15˚ ± 1˚ 19˚ ± 1˚ [15] 

Bahria (Egypt) 28˚ 42.9' 29˚ 59.82' 150 Desert P.E. ≤15˚ ≤18˚ [16] 

Bahria (Egypt) 28˚ 42.9' 29˚ 59.82' 150 Desert N.E. 14.7˚  [17] 

Matrouh (Egypt) 31˚ 0.2' 27˚ 51' 75 Sea-Desert N.E. 14.5˚  [17] 

Kottamia (Egypt) 29˚ 55.9' 31˚ 49.5' 470 Desert N.E. 14.66˚ ± 0.2˚  [17] 

Aswan (Egypt) 23˚ 48.22' 32˚ 29.5' 210 Desert N.E. 13.96˚  [17] 

Tubruq (Libya) 32˚ 4.7' 23˚ 59' 40 Desert N.E. 14.7˚  [18] 

Sinai (Egypt) 31˚ 04' 32˚ 52' 10 Desert N.E. 14.61˚  [19] 

Assiut (Egypt) 27˚ 10' 31˚ 10' 52 Agricultural N.E. 13.48˚  [19] 

Hail (Saudi Arabia) 25˚ 46' 47˚ 12' 540 Desert N. E. 14.66˚  [20] 

Wadi El Natron (Egypt) 30˚ 30' 30˚ 09' 30 Desert N.E. 14.57˚  [21] 

Depok (Indonesia) 6˚ 27'S 106˚ 48'E 50 - 140 Sea-Desert SQM 14˚ ± 0.6˚  [22] 
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Table 2. Twilight brightness conditions [14]. 

Dusk Stages of 
twilight 

Altitude 
degree 

Illuminance lux 
Luminance 

cd/m2 
Lower Limit of Sky 

Brightness (mag./arcsec2) 

Civil −6˚ 3.4 1.08 12.42m 

Nautical −12˚ 8.31 × 10−3 2.64 × 10−3 19.03m 

Astronomical −18˚ 6.52 × 10−4 2.08 × 10−4 21.79m 

2. Methodology and Data Acquisition 

The basic concepts on which this research is based are: 
1) Each time interval in the twilight has its own optical characteristics. 
2) The idea of this research depends on the determination of the beginning 

and the end of the pseudo dusk and the pseudo dawn. 
3) The full night after the pseudo dusk and before the pseudo dawn gives a 

state of optical stability (minimum change in the light magnitude). 
The measured data were recorded by Sky Quality Meter (SQM-LE) by Nafha-

tun [26] and also by personal contacts. The Sky Quality Meter was adapted for 
its complete performance in this research. It is not a spot meter because it ac-
cepts light from a wide cone-roughly 80 degrees diameter. The measurement of 
twilight sky brightness is performed in various sites covering east and west coast 
of Malaysia from May 2007 to April 2008 intermittently. For averting unwanted 
light, a special hood was used in front of the detectors. All measurements of the 
light intensity in dusk and dawn are at about 5 degrees above the horizon, at 
azimuth sunrise and sunset directions. The data were recorded in two minutes 
interval. Table 3 represents the coordinate of site observations at latitude (φ), 
longitude (λ), elevation (Elev.) and the date of observation for evening twilight 
(dusk) and morning twilight (dawn)of the places in Malaysia, which have been 
used in this research. Table 4 represents the selected dates and cities of observa-
tion sites or the evening twilight (dusk) and morning twilight (dawn) under the 
study.  

3. Results and Discussion 

The symbol of (mn) stands for the magnitude through the time intervals of the 
light. The sequence of light intervals magnitudes for the evening twilight is: true 
dusk (m1), pseudo dusk (m2), full night after pseudo dusk (m3) respectively. Si-
milarly, for the morning twilight they are: full night before pseudo dawn (m4), 
pseudo dawn (m5) and true dawn (m6) respectively.  

3.1. For the Evening Twilight 

Figures 1-4 show the relation between the light magnitude (mag./arcsec2) and 
the altitude of the sun (a) for different time intervals of true dusk (m1), pseudo 
dusk (m2) and full night (m3) at different days and different places in Malaysia. 
These figures generally show that there are three phases of light from the sunset 
to the full night according to the sun vertical depression below the horizon. The  
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Table 3. Coordinates and altitudes of observation sites. 

Site Latitude (φ) Longitude(λ) Elev. 

Kuala Lumpur, Federal Territory 3˚9'N 101˚41'E 60 m 

Teluk Kemang, Negeri Sembilan 2˚28'N 101˚52'E 27 m 

Kuala Lipis, Pahang 4˚11'N 102˚3'E 75 m 

Port Klang, Selangor 3˚N 101˚24'E 46 m 

Merang, Terengganu 5˚31'N 102˚57'E 42 m 

 
Table 4. Dates and cities of observation sites for dusk and dawn. 

Dusk Dawn 

Date, City Date, City 

15-06-2007, TelukKemang 8-5-2007, Merang 

13-8-2007, TelukKemang 10-11-2007, Kuala Lipis 

4-9-2007, Kuala Lumpur 29-12-2007, Kuala Lipis 

27-10-2007, Kuala Lumpur 11-1-2008, Kuala Lipis 

5-11-2007, Kuala Lipis 9-2-2008, Kuala Lipis 

29-12-2007, Kuala Lipis 22-3-2008, Kuala Lipis 

12-1-2008, Kuala Lipis 23-3-2008, Kuala Lipis 

9-2-2008, Kuala Lipis 7-4-2008, Port Klang 

22-3-2008, Kuala Lipis  

23-3-2008, Kuala Lipis  

5-4-2008, Port Klang  

6-4-2008, Port Klang  

 

 
Figure 1. The relation between the light magnitude (mag./arcsec2) and the altitude (a) of 
the sun for different time interval of the evening twilight for the true dusk, the pseudo 
dusk (zodiacal light) and the full night on 13th August 2007 in Teluk Kemang. 
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Figure 2. The relation between the light magnitude (mag./arcsec2) and the altitude (a) of 
the sun for different time interval of the evening twilight for the true dusk, the pseudo 
dusk (zodiacal light) and the full night on 4th September 2007 in Kuala Lumpur. 
 

 
Figure 3. The relation between the light magnitude (mag./arcsec2) and the altitude (a) of 
the sun for different time interval of the evening twilight for the true dusk, the pseudo 
dusk (zodiacal light) and the full night on 12th January 2008 in Kuala Lipis. 
 
main feature characterizing the first time interval is the rapid change in the light 
until a sun vertical depression of 14.5˚. Then, a very slight change in light cha-
racterizes the second time interval until a sun vertical depression of approx-
imately 18.5˚ which represents a pseudo dusk (zodiacal light). Finally, the full 
night characterizes the third time interval which is the interval of approximately 
no change in the light. The duration and the light magnitude vary from day to 
day of the pseudo dusk depending on the weather characteristics of the night. 
Under the light of Figure 5, which represents selected 12 clear observing nights, 
it is clear that the sun vertical depression from 14.5˚ to 18.5˚ is the state of the  
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Figure 4. The relation between the light magnitude (mag./arcsec2) and the altitude (a) of 
the sun for different time interval of the evening twilight for the true dusk, the pseudo 
dusk (zodiacal light) and the full night on 9th February 2008 in Kuala Lipis. 
 

 
Figure 5. The relation between the light magnitude (mag./arcsec2) and altitude (a) of the 
sun for the evening twilight for the true dusk, the pseudo dusk (zodiacal light) and the full 
night for all days of observation. 
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tween some nights due to the difference in the atmosphere luminance between 
winter and summer, which is in turn due to the difference in temperature and 
humidity between each of them. These observations are distinguished by the to-
tal clarity between three light intervals.  

Table 5, Table 6 and Figure 5 represent the light magnitudes and the sun al-
titude for the true dusk (m1 and a1), the beginning of the pseudo dusk (m12 and 
a12), the end of the pseudo dusk and the beginning of full night (m23 and a23). The 
disappearance of the true dusk is at a magnitude of 19.63m ± 0.92 and a sun ver-
tical depression of −14.38˚ ± 0.91˚, while the beginning of the pseudo dusk is at 
a light magnitude of 19.78m ± 0.87 and a sun vertical depression of −14.86˚ ± 
0.91˚. Also the end of the pseudo dusk is at a light magnitude of 20.06m ± 0.927 
and a sun vertical depression of −17.8˚ ± 0.7˚. The difference of the depression 
of the pseudo dusk is ∆a2 = 2.96˚ ± 1.16˚ (the range of the pseudo dusk is mean 
+ 1SD = 4.3˚). This means that the astronomical twilight altitude 18˚ is easily 
around the end of the pseudo dusk which is the beginning of the full night. This 
result agrees with Rozenberg (1966) stating verbally “the transition to night is 
usually complete when the sun is depressed between 17˚ and 19˚ below the ho-
rizon”. Accordingly, the full night begins after a sun vertical depression of 18˚ 
which is characterized by no change in the light magnitude. The interval of alti-
tude depression for the full night values under the study is ∆a3 ≈ 8.4˚ (mean 
+2SD) showing the total time interval of the observed full night. The light mag-
nitude values of the pseudo dusk is limited between the values of m1 (19.63m ± 
0.92) and m2 (19.77m ± 0.93). 

 
Table 5. The beginning and end of the true and the pseudo dusk in terms of the light 
magnitude mij (mag./arcsec2) and the altitude of the sun below the horizon (aij). 

Dusk Begin of True dusk Begin of pseudo dusk End of Pseudo dusk 

Date m1 a1 m12 a12 m23 a23 

15-06-2007 20.95 −14.213 20.9 −14.665 21 −17.38 

13-8-2007 21.42 −14.69 21.4 −15.172 21.49 −18.53 

4-9-2007 20.91 −12.85 20.96 −13.31 21.99 −18.72 

27-10-2007 19.09 −15.34 19.7 −15.821 19.73 −17.26 

11-1-2008 19.2 −14.42 19.51 −14.866 19.58 −18.11 

29-12-2007 18.7 −13.6 18.62 −14.10 19.60 −18.2 

12-1-2008 19.2 −14.33 19.5 −14.797 19.45 −17.116 

9-2-2008 19.23 −13.003 19.5 −13.487 19.68 −16.87 

22-3-2008 19.13 −14.938 19.2 −15.422 20.45 −18.32 

23-3-2008 19.13 −14.938 19.2 −15.422 19.48 −17.93 

5-4-2008 18.95 −13.97 19.1 −14.454 19.36 −17.84 

6-4-2008 19.13 −14.938 19.2 −15.422 19.13 −16.87 

Mean 19.63 −14.38 19.78 −14.86 20.06 −17.80 

SD 0.92 0.91 0.87 0.91 0.927 0.697 

https://doi.org/10.4236/ijaa.2022.121002


Y. A.-F. Abdel-Hadi, A. H. Hassan 
 

 

DOI: 10.4236/ijaa.2022.121002 15 International Journal of Astronomy and Astrophysics 
 

Table 6. The measured values of the pseudo dusk and the full night light magnitudes mi 
(mag./arcsec2) of the sun altitude intervals (∆ai). 

Dusk Pseudo dusk limit Full night after the pseudo dusk 

Date ∆a2 m2 ∆a3 m3 

15-06-2007 2.71 20.99 ± 0.036 3.14 21.997 ± 0.0138 

13-8-2007 3.36 21.47 ± 0.03 5.75 22.42 ± 0.06 

4-9-2007 5.36 20.95 ± 0.023 4.49 22.03 ± 0.109 

27-10-2007 1.44 19.7 ± 0.0216 6.25 21.467 ± 0.067 

29-12-2007 4.58 18.62 ± 0.0627 2. 8 19.66 ± 0.03 

11-1-2008 3.71 19.46 ± 0.0886 5.55 20.237 ± 0.026 

12-1-2008 2.32 19.42 ± 0.072 6.48 20.215 ± 0.022 

9-2-2008 3.39 19.46 ± 0.113 4.84 20.22 ± 0.011 

22-3-2008 2.50 19.31 ± 0.173 3.87 20.23 ± 0.022 

23-3-2008 2.50 19.33 ± 0.17 3.87 20.24 ± 0.031 

5-4-2008 3.39 19.26 ± 0.16 7.46 20.25 ± 0.045 

6-4-2008 1.45 19.26 ± 0.177 4.35 20.27 ± 0.054 

Mean 3.06 19.77 5.15 20.77 

SD 1.16 0.87 1.37 0.93 

Variance  0.758  0.865 

 
In the same way, the light magnitude values for the end of the pseudo duskm23 

(20.06m ± 0.93) is a boundary point between the end of the pseudo dusk and the 
beginning of the full night m3 (20.77m ± 0.93) representing a depression at which 
the darkness increases as much as 0.71m.  

Also from Table 6, it is noticed that, the values of variance are relatively close 
to each other and ranging from 0.76m to 0.86m in both the pseudo dusk (m2) and 
the full night (m3), which indicates the state of stability. On the other hand, in 
the case of the pseudo dusk, the light detected is just the zodiacal light, which 
glows the atmosphere creating a hierarchical shape that disappears afterwards 
when the earth moves around the sun. The difference in magnitude between the 
zodiacal light (pseudo dusk) and the full darkness is about one magnitude 
(20.77m ± 0.87 to 19.77m ± 0.93). The standard deviation (SD) of the observation 
days of the pseudo dusk (m2) ranges from 0.023m to 0.177m, which expresses the 
greatest stability for each single night for that light region, while the values of the 
full night (m3) range from 0.011m to 0.109m. 

3.2. For the Morning Twilight 

Figures 6-9 show the relation between the light magnitude (mag./arcsec2) and 
the altitude of the sun (a) below the horizon for different stages of the morning 
twilight from the full night to the sunrise on different days and at different plac-
es in Malaysia. Generally, these figures show the existence of three light regions  
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Figure 6. The relation between the light magnitude (mag./arcsec2) and altitude (a) of the sun for 
different time interval of the morning twilight for the full night, the pseudo-dawn (zodiacal light) 
and the true dawn on 10th November 2007 in Kuala Lipis. 

 

 
Figure 7. The relation between the light magnitude (mag./arcsec2) and altitude (a) of the sun for 
different time interval of the morning twilight for the full night, the pseudo-dawn (zodiacal light) 
and the true dawn on 29th December 2007 in Kuala Lipis. 

 
which are characterized in terms of light intensity from the full night around 18˚ 
of sun vertical depression until the sunrise. 

Figure 9 shows clearly that the zodiacal light (pseudo-dawn) has a hierarchic-
al shape which appears after the full night on April 7 and that the optical inten-
sity changes during the zodiacal light and darkness and does not return back to 
the same value. This pattern does not appear clearly every day. The brightness  
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Figure 8. The relation between the light magnitude (mag./arcsec2) and altitude (a) of the sun 
for different time interval of the morning twilight for the full night, the pseudo-dawn (zodiacal 
light) and the true dawn on 11th January 2008 in Kuala Lipis. 

 

 
Figure 9. The relation between the light magnitude (mag./arcsec2) and altitude (a) of the sun 
for different time interval of the morning twilight for the full night, the pseudo dawn (zodiacal 
light) and the true dawn on 7th April 2008 in Port Klang. 

 
and the area of the pseudo dawn vary daily and are not constant. There is a 
range of about 0.6m in the amount of light magnitudes in some nights due to the 
difference in the atmosphere luminance between winter and summer, which is 
in turn due to the difference in temperature and humidity between each of them. 

Figure 10 shows the relation between the light magnitude (mag./arcsec2) and 
altitude (a) of the sun for different stages of the morning twilight from full night  
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Figure 10. The relation between the light magnitude (mag./arcsec2) and altitude (a) of the 
sun for different time interval of the morning twilight for the full night, the pseudo-dawn 
(zodiacal light) and the true dawn for all days of observation. 
 
to the sunrise for all observation days. It is very clear that the change in the total 
night light before the pseudo dawn is very slight around 22m and the full hierar-
chical shape of the pseudo dawn does not occur every day, while the rest cases of 
the pseudo dawn look as a transverse line that remains generally for four degrees 
between sun altitudes −14.5˚ and −18.5˚.  

Table 7 represents the values of the light magnitude (mag./arcsec2) and the 
depression of the sun (a) for all of the beginning and end of the true dawn (m6) 
and pseudo dawn (m5) for all of the observation days. From this table, the light 
magnitude of the beginning of the pseudo dawn is 21.48m ± 0.282, of the end of 
pseudo dawn is 21.21m ± 0.33 and of the beginning of the true dawn is 21.22m ± 
0.25. The corresponding values of the altitudes of the sun (a) of these levels are: 
−19.19˚ ± 0.78˚, −14.76˚ ± 0.41˚ and −14.19˚ ± 0.52˚ respectively. The high con-
fidence for the true dawn which can be calculated from (mean +SD) is −14.71˚.  

Table 8 represents the full night altitude and magnitude limits (∆a4 andm4) 
and pseudo dawn altitude and magnitude limits (∆a5 and m5) as well, where ∆ai 
represents the range of the altitude depression values and mi represents the light 
magnitude for the corresponding light regions. The difference in magnitude be-
tween the zodiacal light (pseudo dusk) and the full darkness is about one mag-
nitude (from 20.77m ± 0.87 to 19.77m ± 0.93). The standard deviation (SD) of the 
observation days of the pseudo dawn (m5) ranges from 0.055m to 0.329m which  
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Table 7. The beginning and end of the true and the pseudo dawn in terms of light mag-
nitude mij (mag./arcsec2) and sun vertical depression (aij) below the horizon on the days 
of observation. 

Dawn Beginning of pseudo dawn End of pseudo dawn Beginning of true dawn 

Date m45 a45 m56 a56 m6 a6 

8-5-2007 21.46 −18.81 21.37 −15.06 21.26 −14.595 

10-11-2007 21.68 −19.34 21.11 −14.56 20.86 −14.079 

29-12-2007 21.47 −17.17 21.37 −15.06 20.9 −14.595 

11-1-2008 21.44 −17.57 21.33 −14.33 21.17 −13.864 

9-2-2008 21.87 −19.5 21.26 −14.60 21.17 −13.419 

22-3-2008 21.51 −18.81 21.41 −14.48 21.38 −13.97 

23-3-2008 21.51 −18.81 21.41 −14.48 21.38 −13.97 

7-4-2008 20.88 −18.93 20.44 −15.53 21.62 −15.065 

Mean 21.48 −18.62 21.21 −14.76 21.218 −14.195 

SD 0.282 0.82 0.33 0.412 0.2535 0.52145 

 
Table 8. The full night interval and pseudo dawn limit of light magnitude mi (mag./arcsec2) 
and the sun vertical depression (a) below the horizon on the days of observation. 

Dawn Full night Pseudo dawn limits 

Date ∆a4 m4 ∆a5 m5 

8-5-2007 10.17 22.133 ± 0.033 3.748 21.405 ± 0.055 

10-11-2007 6.85 22.133 ± 0.033 4.78 21.384 ± 0.16 

29-12-2007 10.66 22.133 ± 0.033 2.111 21.41 ± 0.037 

11-1-2008 11.89 22.13 ± 0.031 3.24 21.368 ± 0.057 

9-2-2008 9.71 22.133 ± 0.033 4.908 21.539 ± 0.221 

22-3-2008 10.17 22.14 ± 0.035 4.333 21.484 ± 0.092 

23-3-2008 9.63 22.14 ± 0.035 4.333 21.477 ± 0.09 

7-4-2008 9.11 22.43 ± 0.053 3.4 20.647 ± 0.329 

Mean 9.77 22.17 3.856 21.34 

SD 1.44 0.036 0.930 0.285 

Variance  0.001296  0.0816 

 
expresses the greatest stability for each single night for that light interval, while 
the values of the full night were (m4) are from 0.031m to 0.053m. This means that 
the stability in the full night is relatively higher in the case of pseudo dawn be-
cause of the increase of the radiation reflected from the light of the zodiacal 
light, especially from the asteroids belt between Mars and Jupiter (Reach 1997). 
The lowest stability in the pseudo dawn area appeared on 8th May 2007 and April 
7, 2008 because these two days had the hierarchical shape of the pseudo dawn as 
shown in Figure 9. The light magnitude values on 7th April 2008 for the full 
night is 22.43m ± 0.053 as shown in Figure 9 and Table 8, which indicates the 
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highest value of darkness during the observation period. Therefore, the condi-
tion of appearance of the hierarchical shape during the pseudo dawn appears in 
the very dark nights. The mean value of light magnitude at full night is larger 
than that of light magnitude of the pseudo dawn (22.17m ± 0.036 > 21.34m ± 
0.285). The difference in the sun vertical depression between the beginning and 
the end of the pseudo dawn Δa is about 4˚, while the deference between the be-
ginning of the pseudo and the true dawns is about ≈4.5˚. The difference in light 
magnitude of the zodiacal light interval (pseudo dawn) is about 0.83m (from 
22.17m ± 0.036 to 21.34m ± 0.285), which represents the difference between the 
mean values of the magnitudes of the full night and the pseudo dawn. Also, from 
Table 8, it is noticed that the values of the variance for both the pseudo dawn 
(m5 = 0.0816m) and the full night (m4 = 0.0013m) are different from each other, 
which represents a remarkable change. This indicates that the stability in the 
darkness in the case of the full night is much higher than in the case of the 
pseudo dawn.  

3.3. Comparison between the Results of the Evening and the  
Morning Twilight 

Figure 11 and Table 5 show the different stages of the light magnitude from 
sunset to sunrise for the evening twilight of 22nd March 2008 followed by the 
morning twilight of 23rd March 2008. It is noticed that the pseudo dusk on 22nd 
March 2008 is clearly discriminated from the rest of the days during the sun ver-
tical depression range of −14.5˚ < a < −18.8˚. Similarly, Figure 12 shows the dif-
ferent stages of light magnitude from sunset to sunrise at the evening twilight of 
6th April 2008 followed by the morning twilight of 7th April 2008. Finally, Figure 
13 shows the different stages of light magnitude from sunset to sunrise at the  
 

 
Figure 11. The relation between the light magnitude (mag./arcsec2) and altitude (a) of the sun 
for different time intervals from sunset to sunrise at the evening of 22nd March 2018 followed by 
the morning of 23rd March 2018. 
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Figure 12. The relation between the light magnitude (mag./arcsec2) and altitude (a) of the sun for 
different time intervals from sunset to sunrise at the evening of 6th April 2018 followed by the 
morning of 7th April 2018. 

 

 
Figure 13. The relation between the light magnitude (mag./arcsec2) and altitude (a) of the sun for 
different time interval from sunset to sunrise at the evening followed by the morning of total days 
under the study. 

 
evening twilight followed by the morning twilight of total days under the study. 
Generally, there is approximation of the different stages of light between the true 
dusk and the true dawn at the sun altitude rounding about −14˚, and between 
the end of the pseudo dusk and the beginning of the pseudo dawn a sun altitude 
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rounding about −18˚. The full night before the pseudo-dawn is more stable than 
the full night after the pseudo-dusk. 

3.3.1. Comparison between the True Dusk and the True Dawn  
Figure 14 shows that the decrease rate of the light magnitude by altitude change 
(dm/da)1 for the true dusk is 0.827 (mag·arcsec−2·degree−1), while that for the 
true dawn (dm/da)6 is 0.942 (mag·arcsec−2·degree−1). This means that the rate of 
increase of light magnitude at true dawn is greater than the light magnitude rate 
of decrease at true dusk by 12.2%. This can be interpreted in terms of the high 
temperature in the dusk compared to the dawn and the consequent increase in 
the radiation energy of the atmosphere in the dusk compared to dawn at the 
same interval of altitude of the sun (between 0˚ and 14˚). The relation between 
the light magnitude (m1) of the true dusk and the altitude of the sun (a1), and 
light magnitude (m6) of the true dawn and altitude of the sun (a6) can be ex-
pressed in the following empirical relations: 

For the dusk: 

1 19.3519 0.8271m a= −                        (1) 

with a correlation coefficient CC = 0.957 
For the dawn: 

6 69.3276 0.942m a= −                        (2) 

with a correlation coefficient CC = 0.941 
 

 
Figure 14. The rate of the decrease of the light magnitude by altitude change (dm/da)1 for 
the true dusk and the increase the light magnitude by altitude change (dm/da)6 for the 
true dawn respectively for the days of observation. 
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Generally, the constants 9.35m and 9.32m represents the light magnitude at 
sunset and sunrise respectively, which indicates that there is a slight difference in 
the light magnitude between sunrise and sunset, which means that the selected 
areas for observation are typical.  

3.3.2. Comparison between the Pseudo Dusk and the Pseudo Dawn  
Table 5 and Table 7 showed the comparison between the end of the pseudo 
dusk and the beginning of the pseudo dawn in terms of the light magnitude val-
ues and the depression of the sun under the horizon. The beginning of the pseudo 
dusk occurs at light magnitude value 19.78m ± 0.87 and sun altitude −14.86˚ ± 
0.91˚, while the end of the pseudo dawn occurs at light magnitude value 21.48m 
± 0.28 and sun altitude −14.76˚ ± 0.41˚. On the other hand, the end of the pseu-
do dusk occurs at light magnitude value is 20.06m ± 0.927 and sun altitude 
−17.8˚ ± 0.697˚, while the beginning of the pseudo dawn occurs at light magni-
tude value 21.21m ± 0.25 and sun altitude −18.48˚ ± 0.28˚. This means that the 
phenomenon of the twilight is reversible for both of its sides around the sun al-
titude value of −18˚ (astronomical twilight). The hierarchical shape is clearer in 
the case of the pseudo dawn than in the case of the pseudo dusk (see Figure 11 
and Figure 12). This is due to the stability of the weather condition, which is 
higher in the case of the pseudo dawn than in the case of the pseudo dusk. 

3.3.3. Comparison between the Full Night after the Pseudo Dusk and Full  
Night before the Pseudo Dawn  

It is clear that from Table 6 and Table 8 of the total days that the full night be-
fore the morning twilight (m4 = 22.17m ± 0.036) is more stable than that after the 
evening twilight (m3 = 20.77m ± 0.93). This appears in the values of the standard 
deviation (SD), whose value of the dawn is less than that of the dusk (0.036 < 
0.93). The difference of the light magnitude for the full night after the pseudo 
dusk (∆m3 = 2SD = 1.86m) is greater than that before the pseudo dawn (∆m4 = 
2SD = 0.072m). The difference in the light magnitude values between the full 
night and the pseudo dusk is 1m (19.77m - 20.77m), while that between the full 
night and the pseudo dawn is 0.83m (22.17m - 21.34m).  

Table 9 and Figure 15 represent the final outcome of the morning and even-
ing twilight against the altitude of the sun. By comparing our results with the 
results of previous researches shown in Table 1, we can see a high compatibility. 
The difference is one degree between the end of the pseudo dusk (−17.66˚ ± 
0.83˚) and the beginning of the pseudo dawn (−18.62˚ ± 0.82˚). It is clearly no-
ticed that the first light appearing in the dawn of Miethe and Lehmann (1909) in 
Aswan was at 17.35˚, which is the beginning of the pseudo dawn. This agrees 
with our results (−17.66˚ ± 0.83˚).  

3.3.4. Comparison between the Major Levels of the Twilight Magnitude  
at −6˚, −12˚ and −18˚ of the Evening and the Morning Twilight 

Table 10 and Table 11 represent the major levels of the twilight magnitude 
(mag./arcsec2) of the dusk and the dawn for the sun altitudes −6˚, −12˚ and −18˚  
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Table 9. The final outcome of the morning and evening twilight against the altitude of 
the sun. 

True dusk (−14.38˚ ± 0.91˚) 
Beginning of the pseudo 
dusk (−14.86˚ ± 0.91˚) 

End of the pseudo dusk 
(−17.8˚ ± 0.7˚) 

True dawn (−14.19˚ ± 0.52˚) 
End of the pseudo dawn 

(−14.76˚ ± 0.41˚) 
Beginning of the pseudo 
dawn (−18.62˚ ± 0.82˚) 

 
Table 10. The major level of the evening twilight magnitude m (mag./arcsec2) from sun-
set (at a = −0.76˚ ± 0.21˚) until the end of the twilight. 

Dusk Sunset −6˚ −12˚ −18˚ 

Date m m m m 

15-06-2007 9.65 14.6 20.09 21.5 

13-8-2007 10.47 15.33 20.72 21.5 

12-1-2008 9.29 15 18.9 20.2 

9-2-2008 9.29 16.45 19.13 20.22 

22-3-2008 9.46 12.7 18.55 19.7 

23-3-2008 10.47 12.7 18.55 19.6 

5-4-2008 9.98 13.65 18.33 20.32 

6-4-2008 9.98 12.7 18.55 20.33 

7-4-2008 10.47 14.6 20.09 20.94 

Mean 9.89 14.192 19.212 20.48 

SD 0.498 1.34 0.867 0.695 

 
Table 11. The major levels of the morning twilight magnitude m (mag./arcsec2) until su-
nrise (at a = −0.83˚ ± 0.06˚). 

Dawn Sunrise −6˚ −12˚ −18˚ 

Date m m m m 

8-5-2007 9.90 13.90 20.20 21.40 

10-11-2007 9.33 12.40 19.50 21.43 

29-12-2007 9.90 13.90 20.30 22.10 

11-1-2008 9.33 13.97 20.44 22.10 

9-2-2008 9.90 13.90 20.30 21.75 

22-3-2008 9.90 16.70 21.11 21.63 

23-3-2008 10.94 16.06 21.11 21.63 

7-4-2008 10.94 17.60 21.36 20.50 

Mean 10.02 14.80 20.54 21.567 

SD 0.621 1.7694 0.614 0.506 
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Figure 15. The mean values of the final outcome of the morning and the evening twilight 
sequences against the altitude of the sun. 
 
representing the borders of the twilight types on the days of observation. We 
observed an increase in the light magnitude by the decrease of the sun altitude. 
Comparing the results of the major levels of twilight magnitude of the dusk be-
tween Table 10 (14.19m ± 1.34, 19.12m ± 0.86 and 20.48m ± 0.69) and Table 2 
(12.42m, 19.03m and 21.79m), we can see that the difference between our study 
and the reference [14] is slight and increases slightly by decreasing the sun ver-
tical depression under the horizon. The end of the evening twilight at Tanjung 
Aru in Malaysia was at a magnitude value of 20.79m ± 0.36 when the sun is below 
the horizon by a depression of a = −18˚ ± 0.16 [14].  

Also, it is noticed from our work that the SD decreases with the altitude of the 
sun during the twilight intervals for the dusk and the dawn. The difference be-
tween both of them is slight and rounds about 0.25m between the light magni-
tude m (mag./arcsec2) for the sunset (which is 9.89m ± 0.498 and with high con-
fidence is 10.388m) and the sunrise (which is 10.02m ± 0.62 and with high confi-
dence is 10.64m). The light magnitude values of the sunrise and the sunset from 
Equation (1) and Equation (2) are around 9.32m at zero altitude according to the 
center of the sun disc. On the other hand, the light magnitude values in Table 10 
and Table 11, which are between 9.89m and 10.02m, are for the true sunset and 
the true sunrise and around altitude of −0.76˚ and −0.83˚ (after the absence of 
the entire sun disc). The SD of the light magnitude for the evening twilight are 
decreases with the increase of the sun depression by the values 1.34m, 0.867m and 
0.695m respectively, which means that the stability in the night increases with the 
increase of the depression of the sun, where the diffuse radiation gets les shown 
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in Table 10. The SD values of magnitude for the morning twilight at the same 
depression are 1.77m, 0.614m and 0.506m as shown in Table 11.  

4. Future Work and Remarks 

We have not yet been able through photometric observations to determine the 
time period, the corresponding magnitude (mag./arcsec2) and the vertical de-
pression under the horizon between the end of the pseudo dawn and the begin-
ning of the true dawn (which is within one degree). We just detected a darkness 
time interval as a function of difference in altitude of the sun of about one de-
gree (between 15.5˚ and 14.5˚) between the end of the pseudo dawn and the be-
ginning of the true dawn. This period was observed in the observations of Riyadh 
in Saudi Arabia [10] as well as the observations of Wadi Al Natroun in Egypt 
[21]. Therefore, we would like to encourage the researchers, observers and the 
interested people in this field to achieve this task. Also, there must be a time lack 
between the beginning of the true dusk and the beginning of the pseudo dusk as 
is the case of the dawn. The time interval between the pseudo and true dusk and 
dawn should not be less than half minute. We need more eye and photometric 
observation for the pseudo dusk in different clean desert areas. It is clear from all 
of the researches that the eye observations are more accurate than the available 
devices so far. We also need more photometric research to find out the appro-
priate weather conditions in which the hierarchical shape of pseudo dawn and 
pseudo dusk appear. So far, the eye observations show some phenomena by dif-
ferent devices. Thus, the ability of the eye to differentiate between the colors ex-
ceeds any other device, which agrees the results of [3] and [27].  

5. Conclusions and Remarks  

Based on the aspect that each light region in the twilight has its own characte-
ristics that distinguish it from other light regions, we have got the following re-
sults:  

1) The full night sky magnitude after the pseudo dusk is 20.77m ± 0.93 with a 
variance 0.865m, while the full night sky magnitude for pre-pseudo dawn is 
22.17m ± 0.104 with a value of variance 0.0108m. The full night sky before the 
pseudo dawn is more stable than the full night after the pseudo dusk.  

2) The pseudo dusk boundary values of the altitude of the sun are from a = 
−17.8˚ ± 0.7˚ to a = −14.86˚ ± 0.91˚ with a variance of light magnitude of 
0.758m. The pseudo dawn boundary values of the altitude of the sun are from 
a = −18.62˚ ± 0.82˚ to a = −14.76˚ ± 0.41˚ with a variance of the light mag-
nitude of 0.0816m.  

3) Generally, the astronomical twilight (18˚) is considered as the end of the 
pseudo dusk and the beginning of the pseudo dawn.  

4) The beginning of the true dusk is at 19.63m ± 0.92 and a = −14.38˚ ± 0.91˚ 
(the high confidence value is 15.29˚), while the beginning of the true dawn is at 
21.22m ± 0.25 and a = −14.19˚ ± 0.52˚ (the high confidence value is −14.71˚).  
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5) The major levels of the light magnitude for the civil, the nautical and the 
astronomical evening twilight are at 14.19m ± 1.34, 19.12m ± 0.86, and 20.48m ± 
0.69 respectively, while the major levels of the light magnitude for the civil, the 
nautical and the astronomical twilight for the morning twilight are at 14.80m ± 
1.77, 20.54m ± 0.61, and 21.56m ± 0.50 respectively.  

6) The light magnitude values are higher for the dawn than for the dusk at the 
major twilight types (civil, nautical and astronomical) by 0.5m, 0.75m and 1m re-
spectively. The increase rate of the light magnitude for the true dawn is higher 
than the light magnitude decrease rate for the true dusk by 12.2% for the same 
altitude interval.  

7) There is a similarity between the morning and the evening light regions of 
the pseudo dawn, the pseudo dusk, the true dawn and the true dusk. The sym-
metry is complete in case of air temperature equality between the dusk and the 
dawn. 

8) The full hierarchical shape of the pseudo dusk or the pseudo dawn does not 
occur regularly. The difference in the light magnitude of the zodiacal light for 
the pseudo dusk is about 1m and for the pseudo dawn is 0.83m. 

The results of this work agree with that resulted by Miethe and Lehmann [4], 
Patat et al. [8] and our previously published work (Table 1), which assure the 
precision of the aspects, the observations and the analyses carried out in those 
articles.  
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