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NEW RESULTS OF STUDY OF THE PLANETARY NEBULA M1-77 
 
Abstract. The object M1-77 is known as the young low excitation planetary nebula. The variability of the 

brightness and the radial velocities of the metal lines lead some authors to the idea of the binary nature of the central 
star in the object. In this paper, the new photometric and spectral results obtained for the object M1-77 in 2009 – 
2017, are discussed. Irregular variations of brightness in B, V, and R filters with an amplitude of ~ 0m.4 were 
detected. During our observations, the absolute fluxes in the emission lines Hα, [NII] and [SII] increased 
approximately as a factor 20. Significant changes of the fluxes began in 2011. Simultaneously, an increase of the 
electron density of the gas in the nebula was recorded. It can be assumed that the reason of the observed events is the 
reset of an additional mass of gas that has entered the nebula. 

Key words: planetary nebulae, emission lines; individual: M1-77. 
 
Introduction. The young planetary nebula M1-77 with the coordinates α(2000.0) = 21h 19m, δ(2000.0) 

= + 46º 19' was discovered in 1946 [1]. Different estimations for the distance were obtained: 2.4, 2.5 and 
2.83 kpc [2, 3, 4]. It is assumed that the central star has the low effective temperature ~ 20000K. The 
diameter of the nebula is ~ 7" [2, 5]. Photometric observations [6] revealed rapid changes in the brightness 
of the object within the range 0m.1 - 0m.2. 

In the spectrum, the emission lines HI, [NII] [SII] are observed on the background of a strong 
continuum. The relative intensities of the emission lines are presented in [5]. Absolute fluxes are given in 
[7]. According to [5], the radial velocity, measured from the emission lines Hα and [NII], equals to -84 ± 
3 km/s. Rapid, within a few hours, changes in radial velocity were detected by De Marko [8]. One 
possible explanation is the binary nature of the central star in the object M1-77 [9]. 

 
Observations and processing In Fesenkov Astrophysical Institute the spectral observations of the M1-

77 object are mainly performed on the telescope AZT-8 (70cm). CCD camera SBIG STT-3200 
(2184x1472, 6.8μ) is used as radiation receiver at the output of the spectrograph. The available spectral 
range for observations is ~ 3500 Ǻ (4000 - 7500 Ǻ Ǻ). 

Additional spectral observations were made on a 1-meter telescope installed at the Tien-Shan 
Observatory. The telescope is equipped with a new diffraction spectrograph. At the output of the 
spectrograph there is a CCD camera SBIG Atik-16200 (4500x3600, 6μ). It has an increased sensitivity in 
the ultraviolet and, in principle, makes it possible to obtain spectrograms in the range from 3600 Ǻ to 
7500 Ǻ. During observations, the spectrograms of the studied object are obtained with a narrow (2 "- 3") 
and with a wide (7 "- 10") entrance slit. Observations of a standard star with a known energy distribution 
are performed with a wide slit, which ensures the passage and recording of the full entire radiation flux. 
Standard processing of the files consists of subtracting the dark background, taking into account the flat 
field and the atmospheric absorption. The spectral sensitivity of the apparatus is determined by comparing 
the observed energy distribution in the spectrum of the standard with the data of the Catalog. After taking 
into account all the corrections, the values of the radiation fluxes in absolute energy units are determined. 
Spectrograms obtained with a narrow slit and with a resolution of 0.25 - 0.5 Ǻ are used to study the 
structure of emission lines.  
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For the photometric observations of the object, the telescope AZT-8 and the 1-meter telescope (Assy-
Turgen Observatory) were used. A set of B V R filters and the following CCD cameras are used: SBIG 
ST-8 (1530x1020, 9μ) (AZT-8) and SBIG ST-7 (756x510, 9μ) (1 meter telescope Assy-Turgen).  

The procedure for initial image processing consists of standard operations using Bias, Dark and Flat 
files. Image measurements are performed using the MaximDl-6 standard software package. The 
calculation of atmospheric extinction and reduction of the obtained estimates of magnitudes to the 
standard system B V R is carried out using a system of corresponding equations. 

Results The results of photometric observations are given in Table 1. Columns 3 -5 give values of B 
V R values for M1-77. Columns 6-8 contain similar data for a check star. The amplitudes of the 
brightness variability of the object M1-77 equal to 0m.4, 0m.3 and 0m.3, in the BVR filters, respectively, 
while the changes of the brightness of the check star in the same filters are, respectively, 0m.14, 0m. 02 and 
0m.07 (Fig. 1). 

 
Table 1 – Results of photometric observations of M1-77 

 
Dates of 
observa-

tions 
 

JD-
2400000 

 

M1-77 TYC 33589 

B V R B V R 

1 2 3 4 5 6 7 8 
09.08.2007 54322.324 12.94±0.01 12.15±0.01 11.29±0.01 11.44±0.01 10.95±0.01  
21.06.2012 56100.374 12.65±0.05 11.83±0.01 11.17±0.03 11.30±0.05 10.94±0.01 10.57±0.01 
01.10.2013 56567.155 12.86±0.03 12.15±0.03 11.34±0.03 11.43±0.03 10.96±0.03 10.57±0.02 
03.10.2013 56569.153 12.84±0.03 12.11±0.02 11.34±0.01 11.44±0.02 10.96±0.01 10.55±0.03 
31.07.2014 56870.390 13.06±0.04 12.18±0.02 11.43±0.01 11.43±0.01 10.94±0.02 10.50±0.01 
01.09.2014 56902.217 12.96±0.04 12.24±0.02 11.49±0.01 11.44±0.01 10.95±0.02 10.53±0.01 
13.07.2015 57217.134 12.91±0.03 12.23±0.02 11.38±0.01 11.43±0.02 10.96±0.02 10.55±0.01 
13.07.2016 57951.160 12.93±0.04 11.38±0.01 11.42±0.01 11.44±0.01 10.95±0.01 10.55±0.01 

 

 
Fig 1 - B V R magnitudes of the object M1-77 and a check star 

 
In the spectrum of M1-77, the radiation fluxes in the lines Hβ, Hα, [NII], 6548, 6583 Ǻ and [SII], 

6717, 6731Ǻ were measured. The results are presented in Table 2. In the second row, power multipliers 
for fluxes are given. The accuracy of the values is ~ 10 - 15%. In the last column of the Table 2 , the 
electron density estimates obtained from the ratio of the intensities of the emission lines [SII], 6717, 
6731Ǻ are given. 



ISSN 1991-346X                                                                                      Серия физико-математическая. № 3. 2018 
 

 
61 

Table 2 – Absolute fluxes of the emission lines in the spectrum of M1-77 
 

Дата JD-2400000 Hβ [NII],65
48 

Hα [NII], 
6583 

[SII], 
6717 

[SII], 
6731 Ne 

см-3 
K  1013 1013 1012 1013 1013 1013 

21.07.1976 42951.338 1.20 0.31 0.334 0.98    
09.08.1991 48447.333 2.06 0.85 0.645 2.48 0.27 0.29 1000±900 
18.09.2004 53253.242 4.43       
11.10.2004 53290.175  1.29 2.26 4.82 0.36 0.43 1200±700 
09.08.2007 54322.302 5.44       
12.08.2007 54325.318 6.09       
13.08.2007 54326.300  4.23 3.82 12.1 0.44 0.50 1300±700 
10.10.2007 54384.146 5.38 4.41 4.30 12.4 0.49 0.52 1200±700 
15.10.2007 54389.087 5.97       
19.07.2010 55397.342 7.15 6.64 5.91 21.3    
07.07.2011 55750.424  7.08 5.91 22.2  1.32  
27.07.2011 55770.307  7.10 5.93 22.0    
03.08.2011 55777.345  7.09 6.00 22.1 0.83 1.34 4700±1500 
06.08.2011 55780.327 7.45       
01.09.2011 55806.225 8.11       
02.09.2011 55807.186 8.25 7.05 5.96 22.3 0.76 1.30 4800±1500 
21.06.2012 56099.402  6.80 6.02 19.6 0.79 1.13 4800±1500 
31.07.2014 56870.310 8.55       
17.08.2015 57252.301  5.87 5.98 18.7 0.82 1.23 4600±1500 
09.06.2016 57914.375 10.6 6.28 6.63 20.5 0.79 1.34 4800±1500 
16.09.2017 58013.135  4.99 4.85 15.5 0.59 0.87 4500±1500 

 

During our observations, significant changes in all emission lines were registered. The radiation flux 
in the Hβ line increased by a factor of 10, the fluxes of the Hα and [NII] lines were increased 
approximately as a factor of 20 (Fig. 2). The maximum emission in the lines of the "red" spectral region 
was observed in 2010 -2011. In this period, an increase of the electron density of the gas is also noted. A 
high level of values of these parameters is preserved to the present. 

The behavior of the Hβ line is somewhat different from the one described above, it’s flux increasing 
continued until 2016. This is due to a change, in this case - a decrease, in the absorption coefficient. 

 
Figure 2 - Changes of the emission lines Hβ and Hα fluxes in different years 

 
Conclusion In the course of our research, we obtained data on the photometric reason of variability. 

If the central source is a binary system, then the interaction between the stellar components (unstable 
stellar wind), can also affect the brightness changes. 

The spectral variability is manifested in the change of radiation fluxes in all emission lines. Most 
likely, this is due to the release of an additional mass of gas, replenished the nebula. This is evidenced by 
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the observed increase in the electron density of the gas. Such event - the reset of the secondary shell is not 
unique, but rather rare in the evolution of planetary nebulae. 

The work was supported by the funding program BR05236322 of the Ministry of Education and 
Science of the Republic of Kazakhstan.  
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М1-77 ПЛАНЕТАРЛЫҚ ТҰМАНДЫҚТЫҢ ЖАҢА НƏТИЖЕЛЕРІ 
 
Аннотация. М1-77 объектісі аса белсенді емес жас планетарлық тұмандық ретінде белгілі. Бұл объектінің орталық 

жұлдызының табиғатының қасиеттеріне байланысты, яғни металдық сызықтардың сəулелік жылдамдығы жəне 
жарқырауының айнымалылығы, оның қос объекті болуы ықтимал деген идеяны кейбір авторлар келтіреді. Бұл жұмыста, 
2009-2017 жылдар аралығындағы М1-77 объектісі үшін жаңа фотометрлік жəне спектрлік мəліметтер алынған. 
Амплитудасы ~0m.4 жұлдыздық шамадағы B, V жəне R фильтрларында жарқырау тербелісінің бірқалыпсыздығы 
табылды. Біз бақылау жүргізген уақытта Hα, [NII] жəне [SII] эмиссиялық сызықтарында сəулеленуінің абсолюттік ағыны 
шамамен 20 есеге артты. Ағынның өзгерісі 2011 жылдан басталды. Сонымен қатар, бір уақытта қабықшадағы газдың 
электрлік тығыздығының артқандығы тіркелді. Бұдан шығатын тұжырым, бақыланған құбылыстарға себеп, тұмандықта 
артқан қосымша газ массасының шығарылуы деп болжауға болады.  

Түйін сөздер: планетарлық тұмандықтар, эмиссиялық сызықтар; иондық сызықтар, жеке объектілер: M1-77. 
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НОВЫЕ РЕЗУЛЬТАТЫ ИССЛЕДОВАНИЯ ПЛАНЕТАРНОЙ ТУМАННОСТИ М1-77 
 
Аннотация. Объект М1-77 известен как молодая планетарная туманность низкого возбуждения. Переменность 

блеска и лучевых скоростей металлических линий приводит некоторых авторов к идее о двойственной природе 
центральной звезды в этом объекте. В данной работе приводятся новые фотометрические и спектральные данные, 
полученные для объекта М1-77 в 2009 - 2017 гг. Обнаружены нерегулярные колебания блеска в B, V и R фильтрах с 
амплитудой ~0m.4. За время наших наблюдений абсолютные потоки излучения в эмиссионных линиях Hα, [NII] и [SII] 
увеличились примерно в 20 раз. Существенные изменения потоков начались в 2011г. Одновременно было 
зарегистрировано повышение электронной плотности газа в оболочке. Можно предположить, что причиной 
наблюдаемых событий является выброс дополнительной массы газа, пополнившей туманность. 
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