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ABSTRACT: The September 1st 2016 partial solar eclipse (PSE) was widely observed all
over Nigeria. In this paper, we describe the events prior to the eclipse, during the eclipse
and after the eclipse (our outreach activity of the 1st September 2016 Partial solar eclipse) in
Nigeria. The events include software calculation and prediction of the eclipse, media reports,
announcing the eclipse and observing the partial solar eclipse at the Olu Obasanjo Space Centre
Abuja using a pair of solar scope available at Centre for Basic Space Science Nsukka. Our
collaborating Universities, Rivers State University of Science and Technology Port Harcourt and
the University of Nigeria Nsukka made observation on the PSE from their respective campuses
on September 1st 2016; with the RSUST Department of Physics 15cm Vixen brand equatorial
mount refractor telescope and the UNN, Department of Physics and Astronomy small optical
telescope respectively. High-quality images of the partial solar eclipse was made freely avail-
able to the public and (We also) evaluate the impact of events which allowed public viewing
of high-definition (HD) video streaming of the eclipse through Nigerian Television Authority (NTA).

Keyword:Eclipse, Outreach, Public Viewings, High-definition Video Streaming, Nigerian
Television Authority.

I. INTRODUCTION

An eclipse occurs when an astronomical object is tem-
porarily obscured, either by passing into the shadow of
another body or by having another body pass between
it and the observer as seen from the Earth. There are
two types of eclipses: lunar and solar. Lunar eclipses
occur when the moon at opposition passes through the
Earth’s shadow, whereas a solar eclipse usually occurs
when the Moon passes between the Sun and Earth, and
the Moon fully or partially obscure (“occults”) the Sun.
This event can only happen at new moon, when the Sun
and the Moon are in conjunction (alignment) as seen
by the observer. In a total eclipse, the disk of the Sun
is fully obscured by the Moon. In partial and annular
eclipses, only part of the Sun is obscured (Littmann et
al, 2008). With respect to the fixed background of stars,

the moon moves around the Earth in an approximately
circular orbit with an average period of about 27.3216
days, known as the sidereal month. However, from the
Earth the sun also appears to circle us returning to
the same location relative to the fixed stars in a period
of about 365.2564 days, known as the sidereal year.
Therefore, over the course of a sidereal month the sun
has moved slightly ahead of the fixed stars, and so it
takes a little more than another 2 days for the moon
and sun to reach conjunction. The average time interval
between two conjunctions or oppositions of the moon
and sun is equal to about 29.5306 days and is known as
the synodic month (Aaboe, 1972). A total solar eclipse
can be frightening to people who are unaware of its
astronomical explanation, as the Sun seems to disappear
during the day and the sky darkens in a matter of min-
utes. On the other hand, annular eclipse occurs when
the Sun and Moon are exactly in line, but the apparent
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size of the Moon is smaller than that of the Sun. Hence
the Sun appears as a very bright ring, or annulus,
surrounding the dark disk of the Moon (Koukkos and
Chritiana, 2009). A partial solar eclipse occurs when
the Sun and Moon are not exactly in line and the Moon
only partially obscures the Sun. This phenomenon can
usually be seen from a large part of Earth outside of
the track of an annular or total eclipse. However, some
eclipses can only be seen as a partial eclipse, because the
umbra passes above the Earth’s Polar Regions and never
intersects Earth’s surface (Pasachoff and Jay, 2010).
The Sun’s distance from Earth is about 400 times the
Moon’s distance, and the Sun’s diameter is about 400
times the Moon’s diameter. Because these ratios are
approximately the same, the Sun and the Moon as seen
from Earth appear to be approximately the same size
(Espenak, 2009b). Since looking directly at the Sun can
lead to permanent eye damage or blindness, special eye
protection or indirect viewing techniques are used when
viewing a solar eclipse. It is technically safe to view only
the total phase of a total solar eclipse with the unaided
eye and without protection, however this is a dangerous
practice as most people are not trained to recognize the
phases of an eclipse which can span over two hours while
the total phase can only last up to 7.5 minutes for any
one location (Espenak, 2009a).

Computing solar eclipse predictions consists of two main
steps: (a) Accurate computing of the positions of Sun,
Earth and Moon and (b) computing the geometry of
the Moon’s shadow on Earth. The accurate positions
of the solar system bodies can be computed with (two)
different mathematical methods. Numerical integration
and analytical approach (calculation of the perturba-
tions caused by other planets to the orbits of Earth
and Moon) . To compute the planetary positions for
a desired time, point with numerical interpolation, the
positions and velocities of the interacting bodies must be
known for a certain time point and from this time point
Newton’s gravitational law (and relativistic effects) is
applied in small time steps until the desired time-point
is reached. The advantage of numerical interpolation
is the “intrinsic” accuracy which is limited only by
the computer’s numerical representation of numbers
(rounding errors). The chosen step size is a compromise
between cumulative rounding errors and precision. To
compute the planetary positions for any desired time,
point with the analytical approach (ten) thousands of
terms (perturbations) are summed. For practical reasons
very small terms are ignored. For the calculation of
solar eclipses over long time periods both methods may
be used. The “mathematical errors” of both methods
are much smaller than our knowledge about the physical
parameters (mass, velocity, figure) of the bodies. The
Moon’s position is influenced not only by the well known
gravitational law but also by a “secular acceleration”
caused by tidal effects.

A partial solar eclipse is one of the most gorgeous as-
tronomical phenomena known to attract numerous view-
ers, including those who are not familiar with astronomy.
On September 1, 2016, one of the longest partial solar
eclipses of the century occurred in Nigeria and was visible
in many parts of West Africa and all location in Nigeria.
The calculated time of the Partial solar eclipse showed
that it occurred at sunrise in all Nigerian cities thus mak-
ing each city an excellent location for viewing the eclipse.
This drove our decision to also plan a broadcast of high-
definition (HD) images of the Partial solar eclipse from
Abuja (Federal Capital Territory), via electronic media
like the internet, Nigerian Television Authority (NTA),
African Independent Television (AIT), Channels Televi-
sions, among others, to a much larger audience. Without
this strategic alliance, a greater percentage of Nigerians
would have missed this rare and beautiful phenomenon
used by nature to stimulate interest in science, Technol-
ogy, and Astronomy. HD images was transmitted to all
NASRDA Centre, Nigerian universities and other local
televi-sion stations. In addition, the HD images were
converted to Windows Media Video (WMV) format and
transmitted to other 35 locations and state capitals in
Nigeria which include; community centre, public halls,
and NASRDA astronomy observatories. Public-viewing
of this event in the past attracted over 54, 300 people at
NASRDA Head quarters in Abuja during the September
3rd 2013 Partial solar eclipse event. During the 2013 par-
tial solar eclipse event, viewers of our videos and those
of the Nigeria Television Authority (NTA), African Inde-
pendent Television (AIT) and Channels TV who viewed
our images on YouTube and other sites peaked at about
1, 700, 000. The images appeared about 82 times on 36
local television programmes on 3rd-5th November 2013.
The news was also published on many local news pa-
pers and other print media in Nigeria. The solar Eclipse
recorded in Nigeria’s history took place in: 1898, 1947,
1959, 2001, 2006, 2013 and 2015.

II. METHODOLOGY

Before the occurrence of the September 1st 2016 Par-
tial solar eclipse, calculations and predictions of the time
of occurrence and percentage obscuration for the vari-
ous cities in Nigeria were determined for public aware-
ness. We compare our results with the Five Millen-
nium Catalog of Solar Eclipses, by Fred Espenak and
Jean Meeus (NASA’s GSFC) and the Six Millennium
Catalog of Solar Eclipses, by Fred Espenak (NASA’s
GSFC) containing eclipse prediction data from two data
sources. We downloaded eclipse version 1.0 from the
university de Barcelona official website. This software
is an android version and supported by (Generalitat de
Catalunya Department d’Economia I Conneixement Sec-
retaria d’Universitats i Recerca). The software has capc-
ity to calculate/predict the exact date/time of an eclipse
occurrence in the past or future using its inbuilt mathe-



3

matical interpolation technique. Maps used in the soft-
ware are jointly produced by NASA/GSFC. We clicked
continue on the interface of the software and a dialogue
solar eclipse is selected. Calculations and observations of
eclipse is a major project handled by the optical astron-
omy division of the Centre for Basic Space Science. The
Calculation is carried out with the Eclipse version 1.0
after which the date, time of appearance of the eclipse,
time of sunrise, time of sunset, and coordinate of the lo-
cation of calculation recorded accordingly. We carried
out the analysis by selecting the find by location button
and Nigeria was entered followed by the particular State
capital of interest and its Longitude and latitude. And
the computation button selected for exact calculation of
the event for that location. A new dialogue is opened
which takes you to the list of all solar eclipse event from
present to future, the expected eclipse with date is se-
lected and all parameters shown. N/B. Future eclipses
are calculated by inserting a date in the future and the
calculation button is selected. This was done for all 36
states and capitals of Nigeria, and the result is compared
to all other process stated above to check for accuracy.

DISCUSSION

Table 1 summarizes the occurrence of September 1st par-
tial solar eclipse in Nigeria. The table is divided into 8
different columns, each representing different parameter
on the partial solar eclipse. The first column represents
the state capital in Nigeria which the calculation is made
signifying locations of high population of observers in the
country. The second column shows the time when the
partial solar eclipse began while column three and four
are the respective coordinates of the location under con-
sideration. We present the time of maximum eclipse in
column five and the rise time of the sun on column six.
The percentage obscuration of the eclipse and the time
when the observable eclipse ended are presented on col-
umn seven and eight respectively.

III. INFORMATION DISSEMINATION

Internet communication, NTA, AIT, Channels TV,
and many other Nigerian Broadcast media houses were
involved in transmiting real-time images, life broadcast
information in different Nigerian local languages and
videos of the Partial solar eclipse. Figure 1 shows the
source of the video footage taken at the Olu Obasanjo
Space Centre with HD cameras by the NASRDA-CBSS
team, NTA and AIT during the partial solar eclipse
event. To avoid burning the iris of the camera, we
projected the image of the Sun on a small amateur
solarscope, from where the streaming video was taken
and transmitted nationwide. Channels TV and all other
Nigerian broadcast media houses also transmitted the
same video gotten from our solarscope internationally

via communication satellites. Since NTA and AIT
supports multipoint casting, the data were transmitted
to several receiving stations (main and backup stations).
At the main receiving station, the information were
collected and sent to CBSS server via Live streaming.
Between the receiving stations and the points of display
a wired network communication system were also be
used.

Figure 2 and 3 shows a team of students and lec-
turers of the Rivers State University of Science and
Technology Astronomy group lead by Professor F.B.
Sigalo obseving the partial solar eclipse. The RSUST
Astronomy group fully participated in the observation of
the Annular Solar Eclipse in the Department of physics,
Rivers State University of Science and Technology Port
Harcourt. The Eclipse was observed using Vixen 102mm
Refracting telescope, and Eclipse shades. Between
7:00am to 10:03pm, Five Radio stations amongst which
are Rythm 93.7, Treasure 98.5, wazobia 94.1, and
Nigeria info 92.3 and Radio UST 103.7 where live at the
scene to cover the events, which was broadcasted live on
air from the venue to the entire Populations of Rivers
State and beyond. The live broadcast was repeated by
12:00pm, 4:00pm, 6:00pm and 10:00 pm the same day in
the various Radio stations.

 

FIG. 1: Streaming HD Image of the Eclipse

 

FIG. 2: RSUST Astronomy group team during the
Partial Solar Eclipse in RSUST Port Harcourt, with

Prof. F.B. Sigalo standing ninth from left.
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FIG. 3: RSUST Astronomy group team observising the
Partial Solar Eclipse in Port Harcourt.

IV. CONCLUSION

We have successfully calculated eclipse parameter for
some important locations in Nigeria from where the
September 1st partial solar eclipse was observed using
numerical interpolation technique to predict the eclipse
occurence date, eclipse start time, eclipse maximum time,
eclipse end time, and percentage of obscuration of the
eclipse, etc. Values of the parameters obtained from our
calculations are compatible with values of the param-
eters obtained on the Five Millennium Catalog of So-
lar Eclipses, by Fred Espenak and Jean Meeus (NASA’s

GSFC) and the Six Millennium Catalog of Solar Eclipses,
by Fred Espenak (NASA’s GSFC). Eclipse is purely a sci-
entific event, hence we suggest that it should not cause
any form of religious panic amongst Christians or Mus-
lims.
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TABLE I: Table 1: Details of the partial solar eclipse as calculated/predicted to be seen from various State Capitals
in Nigeria, on September 1st 2016, using the eclipse version 1.0.

State Capital Eclipse begin Long. Lat. Maximum eclipse Sunrise % Obscuration Eclipse end

Umahia 7:15:48am 07°29'E 05°32'N 8:31:52 am 06:23am 71.6 9:03:15 am

Yola 7:20:06 am 12°46'E 09°23'N 8:37:14 am 06:00am 56.6 9:08:58 am

Uyo 7:16:00 am 07°56'E 05°03'N 8:32:45 am 06:22am 73.3 9:05:05 am

Awka 7:15:41 am 07°04'E 06°12'N 8:30:58 am 06:25am 69.2 9:01:13 am

Bauchi 7:18:40 am 09°50'E 10°19'N 8:32:36 am 06:11am 54.0 9:01:13 am

Yenegoa 7:15:13 am 16°15'E 04°55'N 8:30:39 am 06:29am 74.0 9:01:17 am

Makurdi 7:16:45 am 07°44'E 08°32'N 8:32:04 am 06:18am 63.5 9:02:04 am

Maiduguri 7:22:00 am 13°09'E 11°50'N 8:36:37 am 05:57am 47.8 9:04:31 am

Calabar 7:16:12 am 08°19'E 04°57'N 8:33:20 am 06:18am 73.6 9:06:10 am

Asaba 7:00:14am 06°45'E 06°11'N 8:39:58 am 06:19am 76.4 9:05:53am

Abakaliki 7:04:45am 08°56'E 06°20'N 8:43;19am 06:15am 75.7 8:07:43am

Benin 7:15:05 am 05°36'E 06°19'N 8:29:07 am 06:31am 68.9 9:57:43 am

Ado-Ekiti 7:15:15 am 05°13'E 07°37'N 8:28:05 am 06:31am 64.2 9:54:51 am

Enugu 7:16:09 am 07°27'E 06°27'N 8:30:47 am 06:23am 64.4 9:59:58 am

Abuja 7:16:45 am 07°32'E 09°03'N 8:30:07 am 06:21am 58.8 9:57:21 am

Gombe 7:19:29 am 11°10'E 17°17'N 8:34:26 am 06:06am 53.8 9:03:20 am

Owerri 7:15:35 am 07°02'E 05°29'N 8:31:19 am 06:25am 71.8 9:02:16 am

Dutse 7:19:21 am 09°17'E 11°44'N 8:31:20 am 06:13am 49.1 9:56:10 am

Kaduna 7:17:32 am 07°26'E 10°31'N 8:29:29 am 06:21am 53.6 9:54:36 am

Kano 7:19:10 am 08°31'E 12°00'N 8:30:17 am 06:15am 48.3 9:54:00am

Katsina 7:19:35 am 07°36'E 12°59'N 8:28:55 am 06:19am 45.0 9:50:07 am

Kebbi 7:17:47 am 04°12'E 12°27'N 8:28:26 am 06:32am 47.0 9:44:34 am

Lokoja 7:15:56 am 06°45'E 07°49'N 8:29:46 am 06:25am 63.4 9:57:52 am

Illorin 7:15:21 am 04°32'E 08°30'N 8:26:59 am 06:33am 61.0 9:52:03 am

Ikeja 7:14:23 am 03°24'E 06°27'N 8:26:30 am 06:39am 67.9 9:52:28 am

Lafia 7:17:01 am 08°31'E 08°29'N 8:31:41 am 06:18am 60.7 9:00:42 am

Minna 7:16:38 am 06°34'E 09°37'N 8:28:48 am 06:25am 56.9 9:54:23 am

Abeokuta 7:14:31 am 03°21'E 07°09'N 8:26:16 am 06:39 am 65.9 9:51:40 am

Akure 7:15:08 am 05°11'E 07°15'N 8:28:12 am 06:32am 65.5 9:55:22 am

Oshogbo 7:15:05 am 04°34'E 07°46'N 8:27:18 am 06:34am 63.6 9:53:15 am

Ibadan 7:14:44 am 03°54'E 07°23'N 8:26:44 am 06:36am 65.1 9:52:26 am

Jos 7:17:54 am 08°53'E 09°56'N 8:31:31 am 06:15am 55.5 9:58:51 am

Port Harcourt 7:15:33 am 07°01'E 04°47'N 8:31:42 am 06:26am 74.5 9:03:18 am

Sokoto 7:16:40 am 14°05'E 13°04'N 8:30:00 am 06:22am 59.1 9:57:14 am

Jalingo 7:18:53 am 11°22'E 08°54'N 8:35:24 am 06:06am 58.7 9:06:35 am

Damaturu 7:21:02 am 11°57'E 11°44'N 8:34:55 am 06:02am 57.0 9:05:42am
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