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The Transit of Mercury on May 9, 2016  

Sir Harold Walter Kroto, (7 October 1939 – 30 April 2016) 
shared the 1996 Nobel Prize in Chemistry with Robert Curl 
and Richard Smalley for their discovery of fullerenes.  
Based on astrophysical observations of red giants and 
laboratory experiments he showed that stable C  60

molecules form spontaneously from condensing carbon 
vapour.

He was actively involved in science education and 
outreach, which was described as “Jetting around the 
world to extol scientific education in a world he saw as 
blinded by religion.”

He visited the Planetarium and had an hour long 
interaction with students which is cherished by them as a 
memorable evening. He marked his visit on the guest book 
by a sketch of the fullerene.

Fullerenes, large carbon compounds 
with icosahedral symmetry                                                        

- M R N Murthy
Of the hundred odd natural elements, carbon occupies a 
very special niche. The form and function of the only living 
species we know in the Universe depends on the chemistry 
of carbon, its ability to be part of tens of thousands of small 
and very large chemical compounds. Carbon atom has six 
protons in its nucleus surrounded by six electros. However, 
it is rarely found in its atomic form. Graphite and diamond 
are the two most well known allotropic forms of carbon. 
The uniqueness of carbon results from its reactivity and its 
ability to be involved with itself and other elements in the 
formation of chemical bonds. The two inner shell electrons 
of carbon do not participate in the formation of covalent 
bonds. The state of the four outer shell electrons dictates 
the type of bonds that could be formed with carbon atom. 
Depending on the covalent bonding partner atom, carbon 
atom could make single, double or triple bonds. The four 

3
outer shell electrons in the so called sp  hybridization state 
could be involved in four single bonds, with each of the four 
electrons of the outer shell pairing with an electron from 
different partner atoms. These covalent bonds have 
tetrahedral geometry with the angle between any two 

-1bonds being close to cos (-1/3), which is approximately 
o109.5 . This is the geometry of diamond. The four electrons 

2in their sp  hybridization state could be involved in the 
formation of a double bond and two single bonds. The 
geometry of these bonds is planar with angle between the 

obonds roughly 120 . Layers of graphite consist of such 
bonded carbon atoms. The electrons in their sp 
hybridization state could be involved in the formation of a 
triple bond and a single bond.  In such cases, the bonds are 

olinear with a bond angle of 180 . This ability of carbon 
atoms to be involved in the formation of a variety of 
covalent bonds with several other atoms such as hydrogen, 
nitrogen, oxygen, sulphur and the varying spatial geometry 
of these bonds are the factors that make carbon ideally 
suited for building molecules that sustain life as well as for 
synthesizing molecules that are useful in everyday life. 
Although organic chemists have synthesized hundreds of 
thousands of carbon compounds in search of molecules 

From the guest book

“At last some good questions from the young Indian scientists about science”
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that may be useful as drugs, dies, fragrances, polymers, 
flavouring agents, pesticides, insecticides and the like, it is 
only relatively recently that a special group of carbon 
compounds containing a large number of mainly carbon 
atoms were discovered. When a graphite rod is subjected 
to vaporization using powerful laser beams and the vapour 
is allowed to condense, compounds containing a large 
number of carbon atoms are formed. These compounds 
have come to be known as fullerenes because of their 
structure and geometry.

The best known fullerene is Buckminsterfullerene or 
Bucky-ball and has a molecular formula C . This compound 60

is the most abundant species when graphite is vaporized 
with a laser beam and the vapour is allowed to condense on 
a cooler surface. Bucky-ball or Buckminster- fullerene or  
C  was discovered in 1985 by Robert Curl, Harold Kroto and 60

Richard Smalley in the carbon condensate. Compounds 
with larger number of carbon atoms, for example C , were 70

also observed although with lower abundance. These 
compounds formed by a large number of carbon atoms are 
collectively referred to as fullerenes. Their work initiated a 
number of excellent studies on the physics and chemistry 
of fullerenes. They were awarded the 1996 Nobel Prize in 
Chemistry for their discovery of buckminsterfullerene and 
other fullerenes that may contain a few other kinds of 
atoms. C  has been named buckminsterfullerene in honour 60

of Buckminster Fuller, a civil engineer who pioneered the 
design of geodesic domes based on sound geometrical 
principles. These domes are also called Fuller domes. 
Fullerenes have icosahedral symmetry characterized by the 
presence of mutually intersecting 5-, 3- and 2-fold rotation 
symmetry axes. Buckminsterfullerene structure contains 
20 hexagonal and 12 pentagonal carbon units, much like a 
soccer ball, which also has icosahedral symmetry (Figure1).

 

Buckminsterfullerene has 60 vertices and 32 faces with a 
carbon sitting at each vertex. Two types of chemical bonds 
(single and double) occur along the edges of  polygons.

Figure 1: Soccer balls viewed down their 5-fold (left), 
3-fold(centre) and 2-fold (right) axes.

Figure 2: Tetrahedron. It 
is made of 4 equilateral 
triangles with 4 vertices, 

4 faces and 6 edges.

Figure 3: Octahedron. It 
is made of 8 equilateral 
triangles with 6 vertices, 

8 faces and 12 edges.

 

Figure 4: Icosahedron. It is 
made of 20 equilateral 

triangles with 12 vertices, 
20 faces and 30 edges

These three objects are called Platonic solids. If we draw 
lines joining the centre of neighbouring triangles in these 
solids, we obtain their "complementary" shapes. The 
complement of tetrahedron is tetrahedron itself, as could 
be readily visualized from Figure 2. The complement of 
octahedron is a cube (Figure 5). The complement of an 
icosahedron is a pentagonal dodecahedron (Figure 6). 

Figure 5: A cube has 8 vertices, 
6 faces and 12 edges

Figure 6: A 
pentagonal 

dodecahedron has 
20 vertices, 12 
faces, 30 edges

5

2

3

Figure 7: An icosahedron has mutually 
intersecting 5, 3 and 2 fold symmetry axes, as in a 
soccer ball. Lines joining the centre of the 
icosahedron to the twelve vertices constitute six 
independent 5-fold axes. Similarly there is a 3-fold 
axis perpendicular to each triangular facet and a 
2-fold axis along lines joining opposite edges.

The story of icosahedral symmetry starts two and a half 
thousand years ago when the great Greek philosopher Plato 
tried to construct closed boxes with identical equilateral 

triangles. He realized, although without proof, that it is 
possible to construct boxes with 4 or 8 or 20 triangles and 
not with any other number of triangles. The box obtained 
with 4, 8 and 20 triangles are the tetrahedron (Figure 2), 
octahedron (Figure 3) and icosahedron (Figure 4). 
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All the platonic solids are said to be isometric. Any material 
that has such symmetry will have identical properties in all 
directions. For example, light travels at the same speed in all 
directions if a crystalline solid has tetrahedral or octahedral 
symmetry. These solids have more than one axis of 
symmetry. The tetrahedron has four 3-fold axes of 
symmetry and six 2-fold axes of symmetry. The octahedron 
has three 4-fold symmetry axes, four 3-fold symmetry axes  
and six 2-fold symmetry axes. The symmetry of an 
icosahedron is a bit more complicated. It has twelve 5-fold 
axes of symmetry, twenty 3-fold axes of symmetry and thirty 
2-fold axes of symmetry. Representative 5, 3 and 2-fold 
symmetry axes of an icosahedron are shown in Figure  7.

Although Plato discovered these three solids that have 
more than one intersecting symmetry axes, the question of 
what combination of mutually intersecting symmetry axes 
are possible for any object remained unanswered for more 
than two thousand years. The great mathematician Euler 
worked out a formula that allows us to enumerate all 
possible combination of symmetry axes. Any n-fold 
symmetry axis, however large n is, is possible. A 2-fold axis 
can always be combined with any n-fold axis if the two axes 
are mutually perpendicular. The moment the symmetry 
axes are not mutually perpendicular, the possibilities 
become severely restricted. Euler formula allows us to work 
out all possible combinations of symmetry axes. The 
highest symmetry that an object could possess, expect for 
the trivial case of isotropic empty space which is symmetric 
about all directions, is the icosahedron. It is amazing that 
carbon can itself form compounds with icosahedral 
symmetry.

C  crystallizes in the face centered cubic system (all edges 60

of the unit cell of a cubic system are equal in length and all 
ointer-axial angles are equal to 90 ). In the face centered 

cubic cell each C  molecule sits at the 8 vertices of the unit 60

cell as well as at the centers of the six faces. The crystal 
structure is stabilized by weak van der Waals forces 
between C  molecules. Since an icosahedron has 20 60

equivalent faces, in C , the Bucky-ball, each of the face is 60

occupied by three carbon atoms satisfying the 3-fold 
symmetry of the facet. Bucky-balls with 12 pentagonal and 
20 hexagonal faces (total 32 faces) and 60 vertices with a 
carbon atom at each vertex. They resemble foot ball or 
soccer ball in the organization of these pentagonal and 
hexagonal faces. There is a CC bond along each of the 
polygon edges.  The bonds forming hexagonal faces are 
shorter than the bonds forming pentagonal faces with the 

-10average bond length being 0.14 nm (or 1.4 Å, 1 Å = 10 m). 
Thus, the molecule resembles a distorted icosahedron. 

-9Bucky-balls are approximately 10 Å (10  m) in diameter and 
are purple in colour. The unusual architecture and 
versatility of carbon to form cages containing different 
number of carbon atoms has prompted extensive 
investigations of the optical, electrical and magnetic 
properties of fullerenes. Buckminsterfullerene is very 
stable and withstands high temperatures and pressures. 
The large space available inside the fullerene cage may be 
used for filling other atoms or small molecules. Fullerenes 
are sparingly soluble in hydrophobic solvents and olive oil 
and appear to be non-toxic. They could be oxidized or 
reduced although reduction is more facile leading to 
compounds with formula C H , C H , C H . By doping 60 18 60 32 60 36

other elements or by including other elements as part of 
the ring structure, fullerenes could be made to possess 
insulating, conducting or superconducting (at 
temperatures below 20 K) properties. This and other 
unusual properties of Bucky-balls may make then suitable 
for industrial and medical applications. 

In fact, we have come a long way from the various 
icosahedral architectures that Fuller created for his domes. 
These wonderful domes are constructed using 20T 
equilateral triangles, where T is an integer given by 

2 2
h +hk+k , h and k being arbitrary integers. Thus T can take 
values 1 (h=1, k=0), 3 (h=1, k=1), 4 (h=2, k=0), 7 (h=2, k=1) 
etc. T=1 corresponds to the simplest fuller dome made of 
20 equilateral triangles. Diagrammatic representation of a 
T=3 particle is shown in Figure 8. Many virus coat proteins 
possess organizations resembling higher order 
architectures of Fuller domes. A large number of viruses, 
which have probably existed for billions of years, are built 
on icosahedral symmetry.

It is amusing to note that icosahedral symmetry is known to 
man only for the past two and a half thousand years!

Figure 8: space filling model of sesbania mosaic virus, a T=3 (h=1, k=1) 
icosahedral plant virus. Each coloured object is a protein subunit. 
A total of 180 protein subunits decorate the 60 triangles of the T=3 
icosahedral viral surface.
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Interference phenomenon is very well studied in optics. A 
single laser beam can be split into two and made to 
recombine after traversing a certain path length (Fig 2). 
One such configuration is called a Mach-Zehnder 
Interferometer (MZI). Depending on the phase of each light 
beam at the instance of arrival at the second beam splitter, 
we either see constructive or destructive interference in 
the two detectors. Any minute change in the optical path 
length along one of the arms shows up as a variation in the 
light intensity at the two detectors. If optical fibers are 
used, variations in optical path length could occur due to 
variations in temperature, stress, refractive index etc. This 
feature is exploited to use the MZI as an optical sensor for 
stress, temperature, refractive index and so on. MZI is also a 
very important tool to study various quantum optical 
phenomena. Such an interferometer setup can also be 
implemented with matter waves.  A BEC splitting into two 
parts and the smaller matter waves are allowed to evolve 
independently. After a sufficiently long time they are 
recombined to reveal interference patterns of the ultra-
cold atom cloud. The presence or absence of atoms in the 
region of the trapped cloud show up as fringes.

Fig 2. Mach-Zehnder 
Interferometer

M R N Murthy, Professor at Molecular 
Biophysics Unit, IISc has been closely 
associated with all the educational 
activities of the Planetarium.

 His 
contribution to protein synthesis and related fields is very 
well known; as is his passion to teach and convey the joy of 
doing research. He has written many popular articles in 
English as well as Kannada. 

 His 
crystallographic work in the initiated 
structural studies on virus particles now 
getting extended to various fields.

REAPers Speak

- Srihari Srinivasan

Atomic physics has changed by leaps and bounds since the 

times of Sir C.V.Raman. Today experiments can precisely 

trap and manipulate single atoms, ions or molecules as 

required. These experiments gained momentum in the 

1980s, when it was discovered that lasers can be used to 

slow down atoms inside a vacuum chamber. Along with a 

specific configuration of magnetic fields (anti-Helmholtz 

configuration) the slowed-down atoms could be contained 

within a small region of space in a vacuum chamber. By 

further using time varying electromagnetic fields or intense 

laser light, only the hot atoms could be selectively knocked 

out of the trapped region resulting in a cloud of ultra-cold 

atoms. It was hypothesized in the 1920s, initially by 

S.N.Bose and later generalized by Einstein, that atoms (or 

more generally particles) with integral quantum spin could 

condense or occupy the lowest quantum state when cooled 

below a sufficiently low temperature called the critical 

temperature (T ) to form a Bose-Einstein Condensate (BEC). c

This is akin to the quantum wavefunction of each atom 

overlapping and emergence of a macroscopic 

wavefunction or a matter wave that encompasses the 

whole cloud, usually around a few micrometers, but 

sufficient enough to be considered macroscopic (see Fig 1). 

The BEC obtained in experiments usually has temperatures 

of around a few 100 nK (nano Kelvin). Such a sample of 

Bose-Einstein condensed atoms exhibit the properties of a 

wave like reflection from surfaces, refraction in the 

presence of potentials, interference, diffraction when 

passing through apertures and so on.

Interference with atoms?

Fig 1. Simplified intuitive view of the Bose–Einstein phase transition in terms of a 
matter wave interpretation. The model system in the lower schematic images 
assumes constant particle number. The temperature decreases from the bottom 
left to the upper right, which leads to an increasing de Broglie wavelength of the 
particles. The phase transition occurs when this wavelength becomes comparable 
to the mean particle distance. From Physics of coherent matter waves by K.Bongs, 
K.Sengstock.

The MZI implementation with a BEC is done with laser light 
pulses. The BEC cloud is released from the trap and allowed 
to expand freely as it falls under gravity inside the vacuum 
chamber. A pair of laser pulses with slightly unequal 
frequency is applied at a specific incidence angle with 
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Variable stars identified from archival 
photographic plates - Globular Cluster 
NGC 1851           - Viswa Keerthy S

NGC 1851 is a 11” wide Globular Cluster located in the 
constellation Columba with an apparent magnitude of 7.2. 
It is a very attractive object for telescopes of all sizes and 
therefore a well studied cluster. It is estimated to be at a 
distance of 12 kpc and of age 9.2 billion years.

respect to each other, such that a slowly moving standing 
wave is created. The pulses are applied for a duration just 
long enough that each pulse excites approximately 50% of 
the atoms to the excited state. The resulting stimulated 
emission from the excited state due to each beam then 
imparts a tiny momentum along the two beam directions, 
splitting the BEC into two parts with the two momenta at 
the same angle as that between the two laser pulses.   This 
difference in the angle of the momentum applied makes 
the two parts of the cloud travel at an angle to each other as 
shown in Fig 3. This process creates  atomic matter wave 
equivalent of an optical beamsplitter. After a certain time T, 
another pair laser pulses are applied for a slightly longer 
duration such that all atoms in each half of the cloud are 
excited and the resulting stimulated emission makes the 
two halves exchange their momenta, thereby simulating an 
atomic matter wave mirror made of light pulse! The 
beamsplitter pulses are again applied after waiting for a 
duration T+δT. The small difference in time duration δT for 
combining the two halves will result in a cloud with two 
halves only partially overlapping. This again simulates the 
emergence of matter waves from two adjacent slits as in 
the familiar Young's double slit experiment producing an 
interference pattern. After the second beamsplitter there 
are two output channels which are out of phase by 180º. 
Images of the BEC are just shadows cast by the atoms in the 
presence of resonant laser light. This  matter wave can be 
very sensitive to minute changes in the path length 
travelled by the two interferometer arms which result in 
the change or shifting of the interference pattern. This 
feature is used to detect minute variations in the earth's 
gravitational field, in implementing gyroscope and 
accelerometers, all of which have been demonstrated in 
experiments. 

Fig 3. An MZI with a freely falling BEC. Laser pulses form the 
beamsplitters and mirrors for such an atomic equivalent of an optical 
interferometer. From Interferometry with BECs in Microgravity by 
Mütinga et al.

Real BEC traps for atom interferometers have 
imperfections and result in anharmonic traps. The 
quantum dynamics of BECs and atoms in harmonic traps is 
well studied; I am currently studying the effects of free 
expansion of a BEC after release from anharmonic traps 
using computer simulations. I am also investigating new 
methods to probe the momentum distribution of the 
atoms from the images taken in the experiments. Precise 
knowledge of momentum distribution of the BEC will help 
to implement the beamsplitters and mirrors with greater 
accuracy.  

Srihari is currently a post-doctoral 
researcher at the Institute of Applied 
Physics, TU Darmstadt, Germany. After a 
Diploma in Electrical Engineering from 
MEI Polytechnic, Rajajinagar, he 
completed his BSc in physics (distance 
learning) from IGNOU, during which time 
he utilized the weekends to attend REAP 
classes. He spent approximately one and a half years 
working at Raman Research Institute, in the BEC lab, 
headed by Prof. Hema Ramachandran. Then he went on to 
do a Masters in Optics and Photonics from the Institut 
d'Optique and Ecole Polytechnique, Palaiseau, France. He 
obtained his PhD from Institute of Physics Rennes, 
University of Rennes 1, France in 2015.

Srihari acknowledges that the sessions at REAP have been 
the single most influential factor in shaping his science 
career. The classes and approach of teaching by the likes of 
Prof. Bala Iyer, Prof. S.Lokanathan, Prof. Arun Mangalam, 
Dr. Shylaja were extremely invigorating and taught 
students how to think and refuse to settle for anything but 
rigorous understanding. The experimental sessions guided 
by the enthusiastic and passionate Mr. Madhusudhan were 
also very important in instilling in him a profound 
appreciation towards experiments and basic physics. He is 
extremely grateful to Mr. Madhusudan for being a very 
huge inspirational figure.
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The photographic plates (6.1 cm x 9 cm) obtained from the 
1m  telescope, VBO, Kavalur, Tamil Nadu, during the year 
1974 to 1976 are used to identify variable stars. Two of 
them are taken on 103aD emulsion with a C3384 filter and 
the other two with 103aO and no filter. The observers are K 
K Scaria and M K V Bappu. The plate scale of the 
photographic plates is 16”/mm. 

Variable stars are identified by brightness changes over a 
period of time.  Most of the stars that we see in the night 
sky are variable stars. Extrinsic variables are those whose 
brightness varies because, the star is being eclipsed by the 
other star or planet.  Intrinsic variables are those whose 
brightness varies because of the dynamical changes in the 
interiors.  These are sub divided into other categories.  As 
these stars vary their brightness (apparent magnitude) over 
a period of time, the light curve which is a graph of apparent 
magnitude v/s the phase of star can be obtained to 
ascertain the nature of variability.  

Based on the period of variation of brightness, the variables 
are classified in to the category of RR Lyrae, which have 
their periods ranging from 0.5 to 2 days.  The variations 
from brightest to faintest magnitude within two nights are 
observable from their light/phase curve.     

All the photographic images (scanned images) were 
cropped to scale to match the finding chart of Alcaino 
(1971).  Each photographic image was overlapped on 
finding chart by using computer, through image editing 
software.  A total of 15 stars were identified in relatively 
less dense region for calibration of the diameter (in pixels) 
with magnitudes (visual magnitude).  The next step is to 
carefully overlap the finding chart on all images with proper 
scaling through computer image editing software.  
Accurately measuring their diameters (in pixels), their 
magnitudes were obtained.  Noting down the period of 
variability, Julian dates of variable stars from the published 
results and with the Julian dates of these plates, phases of 
all five variable stars recorded in these image were 
estimated.

Fig 1: Finding Chart of NGC 1851 
with calibration stars marked

Fig 2: Finding Chart of NGC 
1851 for Variable Stars marked 
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Gravity – from earthworms to universe.

- H R Madhusudan 

Gravity is a mesmerizing word. So many activities around 
us, including our walking and sitting postures are controlled 
by this “weak” force called gravitation.

The subject is taught under the section of physics 
constraining the visualizations to acceleration in an 
elevator, till recently. However with the advent of space 
technology and the launches by ISRO becoming a 
household topic of interest, gravity is finding new 
dimensions in the class room.

The summer course in Science conducted this year for 
students of high school, attempted to provide a holistic 
approach to the understanding and effects of gravitational 
force in nature.  Lectures and activities were planned 
around it so as to draw ideas from all spheres of science.  
Quite naturally, it fits in to the interdisciplinary nature of 
the course. 

Fundamental concepts concerning Newtonian Gravitation 
were discussed with application to understanding a wide 
range of phenomena in the universe such as bodies under 
Free Fall. Quite interestingly it sets limits to speeds of 
walking and running of not only humans but the animals 
too. Extensions of the discussion led to understanding of 
the Laws of Planetary motion that is briefly taught in the 
school. It is the same gravitational force that is responsible 
for the awe inspiring tides at the beach that decides on the 
size and colour of the stars, their evolution and even death. 

The limits of Newtonian Gravitation were discussed and 
children were introduced to Einstein's notion of Gravity at a 
very elementary level. All these discussions finally paved 
way to appreciate the production of gravitational waves 
and also realize the challenges involved in their detection. 
The basic motivation was to convey the excitement of 
detecting the gravitational waves, which hit the headlines 
recently. Prof Jayant Murthy, IIA gave two special lectures 
on the final day of the course taking the students on a 
historical journey that ended with the first unambiguous 
detection of gravitational waves.  

Gravitational force drives many other phenomena in 
nature, as the lectures pertaining to gravity from biological 
viewpoint demonstrated. The effects of microgravity on 
animal metabolism, growth pattern in microorganisms 
under reduced gravity, how insects have developed gravity 
sensors which are very important in stabilizing their flight 
trajectories (this talk was given by  REAP student Umesh 
Mohan who is pursuing PhD at NCBS with Prof Sanjay 

 

 

Sane). Mr Sudhir P, another REAP student gave a talk on the 
energetics of walking. He had prepared a 3D-printed model 
to simulate bipedal walking gait; watching the gait itself 
was a great amusement for the children. Another highlight 
of the programme was the talk by Prof V Vasuki Belavadi of 
University of Agricultural Sciences (UAS) on how gravity 
sets size limits in the insect world. Prof Uma Shaanker of 
UAS led a lively discussion on a very interesting observation 
that Darwin had made about earthworms; they display an 
unusual behavior of plugging their burrows with leaf stalk. 
It was also a wonderful demonstration of how scientific 
research is to be carried out. Children were suddenly 
transformed into scientists, suggesting hypotheses, 
methods to test them out and so on.

Figure: earthworm's burrows plugged with leaf stalks

Overall, students were able to take home a good number of 
ideas on hands on experiments and gedanken ones too!

The Transit of Mercury May 9, 2016

- Shylaja B S

The event provided a great opportunity to educate children 
about Mercury and its orbit. Five workshops were held 
during April on the activities that can be done by students 
at different levels.

One of the class room activities was to derive the orbit of 
the planet – children enjoyed doing this which clearly 
demonstrated the elliptical shape. 

On the day of transit there were more than 500 visitors 
although the event was visible only for about 45 minutes 
owing to the obstruction by a tall building under 
construction.

Following activities as follow up were done by a handful of 
enthusiastic students using the images taken with a f/15 
coude refractor.
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Figure 2: The transit; Mercury is the small dot in the top corner

Measurement of the angular diameter with a high 
resolution photograph. The calibration is done by 
establishing the scale with the size of sun. Image # 7490 was 
taken at 16:53:04 and # 7495 was taken at 16:56:34 (IST)

The angular diameter of Sun  = 31.68'

Image #   Sun  (x,y) pixels  Mercury (x,y) pixels  angular size

7495 353,3161 4824 1195,1342 36 14

5177,3161 1231,1342

7490 361,3169 4808 1189, 1248 33 14”

5169,3169 1221,1250

This agrees with the actual value of the angular size of 
Mercury (12”) within observational errors.

Measurement of the speed of Mercury across the Sun: From 
the edge of the sun on the two images Mercury was 
positioned at 33 and 88 pixels respectively. Thus the 
difference of 46 pixels is the displacement of Mercury 

-5
(equal to 18.1” = 8.8 x10  radians).

We have to add to this the displacement of the sun itself 
-5during this interval of 3.5 minutes (= 4.2 x 10  radians)

The angular speed of Mercury, therefore, is 13/ 210 = .062 
radian /s

The distance of Mercury from Earth, 0.559 AU = 
13288203km can be used to get the speed in linear 
measure is 8.2 km/s. Since Mercury's motion is retrograde, 
the velocity of earth will have to be added to it to get a value 
of 38.2 km/s.

Within the observational error, this is comparable to the 
actual value of 48km/s. 

Figure 1: Orbit of Mercury derived from maximum elongations

Unexpected visitors in the campus!  


