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1) Let A and B represent two places. Place A is at 24Á18ô N and

place B is at 36Á47ô N. They have Longitudes 133Á39ô E and

125Á24ô W, respectively.

(a) Find the great circle arc AB?

(b) Find the angle PAB? where P is the north pole 

2.) What is the shortest distance between New Delhi and New York ?

(use latitudes and longitudes and distance in kms)

Assignment

3.) How is the RA and Dec coordinate system  more useful compared 

to other coordinate systems like: altitude-Azimuth and HA and Dec.? 

4.) Find out  best observing seasons for the star óVegaô and the cluster

Hyades? Also, find out dates on which  these are overhead for an

observer at  the Vainu Bappu Observatory, Kavalur?



Assignment

5.) A star whose luminosity is 200L(sun) has an apparent bolometric magnitude

mbol = 9.8. Given that the Sunôs absolute bolometric magnitude Mbol = 4.8, 

determine the distance to the star ?

6.) What is the radius of star of the same Teff as the Sun but with luminosity 104

times larger?

7.)   Determine the value of airmass for a star with RA: 10h:30m:15s and Dec: 30deg:

15ô:15ôô. Observations are from IAO, Hanle on 21 Feb 2007 at 8:00PM (IST).

8.) For a star in certain direction the colour excess E(B-V) is found out to be 1.0.

Given the measured magnitudes of Vmag = 8.0 and Bmag = 10.5, 

find out starôs unreddened color B-V and its appropriate spectral class? 

9.) Find out the star Polaris altitude from IAO, Hanle ?

10. ) Two stars in a binary system are separated by 0.01ò (arc-sec). Discuss the

observational strategy to study them?



Assignment

11) The Hgline in the spectrum of certain quasar found to to be shifted to 9000A.

Given the best estimated Ho (Hubble constant) determine  distance to the

quasar?

12) Images of two stars are 100 pixles apart on CCD chip of pixel size=15micron.

Given the VBT prime focus, find out the angular separation of the two stars

in the sky?

13) Two images of a cluster taken 10 years apart showed that the cluster moved

10.5ô(arc-minute) right angles to the line of sight. Given the wavelength

shift of 0.5A of Haline, find the distance to the cluster?

14) A star of certain brightness is observed with HCT for 30min. exposure time.

The resultant image has S/N= 60. How large aperture is need to attain S/N=200

with the same set-up? 

15.) When does the Sun reaches closest to the Polaris and what is the angle between

them? 



Assignment

16) Stromgren photometry for two stars is given: star1 ( v=10.0, b=9.5 and y=8.0)

and star2 (v=12.0,b=10.5 and y=9.0). Discuss their relative metallicities?

17.)  What is the field of view for the VBT telescope with the Cassegrain focus?

It is fitted with an eye piece of FOV 40Áand focal length of 500cm.          

18.) For a telescope of 50 cm the limiting magnitude (one can see thru the telescope)

is 15. To see stars as faint as 26th magnitude, what sort of telescope aperture

one should have?

19.) The pole star or Polaris has 2000 epoch coordinates RA:  02:31:49.08;

DEC: +89:15:50.8. Find out its coordinates for 10000 AD epoch?

20.) Find out plate scales and angular resolutions for HCT and VBT telescopes?



No        V           V-R    R-I   

01    10.540     0.710   0.680 

03    14.300     1.160   1.290 

03    14.250    1.120   1.340 

04   12.730    0.930   0.990

04  12.710    0.910   1.030 

05  15.170     1.290   1.510 

06  13.980    1.000   1.350

07  10.760   0.670   0.690

09  14.750   1.360   1.510 

10  12.510   0.860    0.910 

11  11.110    0.660    0.700 

12  13.110   1.070    1.270 

13  7.270    0.060     0.090 

14  17.070   1.520    1.730

15  13.970   0.990    1.210

17 16.820   1.610     1 .930 

18 17.660   1.720      2.040 

21. Evalutae the distance to the cluster using the data available below ?



The spherical triangle
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Any plane passing through the center of a sphere 

cuts the surface in a circle called a great circle. 

Any other plane cutting the sphere but not passing 

through the center is known as a small circle. Here, 

EAB is a great circle and CD is a small circle.

QOP is the diameter of the sphere which is ƍ to 

the plane EAB. Plane CD is || to plane EAB. OP 

is ƍ to planes EAB and CD. P and Q are the 

poles of great circle.

Let PCAQ and PDB any other two great circles. 

PS and PT are the tangents to PA and PB (easy to 

refer parts of great circles). The angle SPT or

The angle AOB (or the arc AB) is said to be a 

spherical angle. A spherical angle is defined only 

with reference to two intersecting great circles.

T
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The spherical triangle
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Let A,X, Y are three points lying in the same 

hemisphere and joined by arcs (AX,AY and XY of 

great circles. The angle AXY is called spherical 

triangle and the angles at A, X, and Y are the angles 

of spherical triangle. Angle PCD is not a spherical

Triangle as CD is not a part of great circle.

Length of great cricle arc

AY = r x angle AOY, 

Where r is the radius of the great circle, and is 

constant for all the great circles on the sphere 

and can be set to unity. Thus, arc AY is said to 

be the angle AOY. This angle is measured in 

radians.



The spherical triangle
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Length of a small circle arc:

CD = RC x angle CRD

AB  = OA x angle AOB

Since CD || EAB, CRD = AOB and OA = RC

Hence, CD =  (RC/OA) x AB

= (RC/OC) x AB

(OC=OA radii of the sphere)

As RC ƍ RO,  cos(RCO) = RC/OC

and as RC || OA, angle RCO = angle AOC

Therefore,

CD  = cos RCO x AB = AB x cos(AOC)

Thus, CD = AB x cos(AC)

or, since PA = 90°

CD = AB x sin(PC)



The spherical triangle: The Cosine-formula
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radius OA ƍ AD and AE

The spherical angle BAC is the angle between 

the tangents at A to the great circles and which 

is equal angle DAE.  
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Let ABC be a spherical triangle. Thus,

BC (arc) = angle BOC =  a

AC (arc) = angle AOC = b

AB (arc) = angle AOB = c 

AD and AE be the tangents to the great

circles AC and AB respectively.

Let angle BAC = DAE = A



The spherical triangle: The Cosine-formula
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In the plane OAD, angle OAD = 90Á

and angle AOD = angle AOB = c

In the triangle OAD:

AD = OA tan c;  OD = OA sec c éé.1

In the triangle OAE:

AE = OA tan b;  OE = OA sec bééé2 

Using the triangle DAE:

DE2 = AD2+AE2ï2AD. AE cos DAE

DE2 = OA2 tan2c+OA2tan2b-2(OA tanc .OA tanb cosA...3



The spherical triangle: The Cosine-formula
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DE2 = OA2 tan2c+OA2tan2b-2(OA tanc .OA tanb cosA...3

DE2 = OA2 (tan2c+tan2b-2 tanb . tanc cosA)éééé.....4

Similarly from triangle DOE

DE2 = OD2 +OE2ï2OD .OE cosDOE

= OA2sec2c + OA2sec2b-2OAsecc.OAsecb. Cosa

or

DE2= OA2(sec2c+sec2b-2secb.secc.cosa)éé5      

From (4) and (5)

After simplification

Cos a = cos b . cos c +sin b . sin c. cos A

This is called cosine formula

Similarly sine formula

sin A/sin a = sin B/sin b = sin C/sin c



The earth: longitude and latitude
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The great circle (NKLY) perpendicular  to the 

earthôs spin axis (POQ) is called  the equator.

PGK is the meridian which passes through the 

Greenwich Observatory is called principal 

meridian or GM.

PHLQ is any other meridian intersecting the 

equator at L.

Longitude:

Angle KOL or the arc KL on the equator is 

defined to be the longitude of the meridian 

PHLQ. Measured from 0-180deg east of GM 

and 0-180deg west of GM.  All the positions 

on meridian PHLQ have same longitude

equator

Principal meridian



The earth: longitude and latitude
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Latitude:

equator

Principal meridian

Let  óJô be a place on the meridian PHJQ. The 

angle LOJ or the great circle arc LJ is the 

latitude of the place J. If the place is above 

the equator it is said to be latitude north, if it 

is below it is latitude south.

Thus position of any place on the Earth is 

specified by the two fundamental great circles: 

the equator and the principal meridian.

If Ø be the latitude of J. POL=90Á. Therefore,

PJ = 90ÁïØ is called co-latitude of J. All 

places which have the same latitude as 

Greenwich lie on the small circle MGHX, 

which is parallel to the equator, called parallel 

of latitude.



The earth: longitude and latitude

P

Q

YN O

J

LK

M X

G H

(North pole)

(South pole)

Nautical mile: 

equator

Principal meridian

Length of the small circle HX is given 

interms of the length of the equator as

HX = LY cosɗ

where ɗis the latitude of the Greenwich.

Defined as the distance between two points 

subtending an angle of one arc minuteat the 

center of the earth. Thus

1Á= 60 nautical miles (one NM = 6080feet)



The celestial sphere: Altitude and Azimuth
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Point Z on the CS vertically over head at point 

O (observer) is called zenith.

The plane through O at right angles to OZ is the 

plane of horizon, cutting the celestial sphere at 

NAS, called celestial horizon or the horizon

Any great circle passing through Z is called 

vertical circle. Here, ZXA is the vertical 

circle. Let X be the position of star at any 

given moment. In the plane ZXA, angle 

AOX or the great circle arc XA is called the 

altitude of X.

Since OZ is perpendicular to OA the zenith 

distance,  

ZX(Z) = 90º (ZA) ïaltitude (XA)



The celestial sphere: Altitude and Azimuth
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LXM is a parallel of altitude . All the stars  which 

lie on this small circle have same altitude and also 

same zenith distance.Thus, if one knows ózô or the 

the altitude of a star, its parallel of altitude is 

specified. 

OP is parallel to the spin axis of the earth. The 

point óPô is called celestial north poleor the 

north pole. Stars around north pole move very 

little/none  relative to O unlike stars over head.

A star which least changes its altitude or the 

direction relative to O is called north pole 

star or Polaris. Thus, position of Polaris is

Invariable through out the night.



The celestial sphere: Altitude and Azimuth
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Azimuth:

Verticle circle through óPô I.e., ZPN is defined as 

principal vertical circle . The point N is north point 

of horizon, similarly S, W, and E. Also, called 

cardinal points.

X is the position of star on any vertical circle 

(ZXA). Angle PZX or the great circle arc NA is 

defined as Azimuth of X east  or west depending 

on Xôs position. When the azimuth is 90º E or

90º W it is said to be on the prime vertical i.e.,

it is vertical circle passining either east point E or

the west point W.

POZ is the angle between the radius of the earth (OZ)

and the earthôs axis OP is called colatitude of the observer,  

or PZ = 90º -f, where fis latitude of the observer. Thus,

PN = 90º - PZ = f; Thus altitude of the pole

star is equal to the observerôs latitude.



The celestial sphere: Declination and Hour angle
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The great circle RWT perpendicular  to OP is called 

celestial equatorwhich is parallel to the earthôs Equator.

E

Z is the pole of the horizon and P is the pole of the 

celestial equator. W and E are cardinal points 90Á

from all points on the great circle through Z and P. 

Thus, NW = SW = EN = ES = 90Á.

Since stars are at great distances the angle 

between the straight line joining observer 

and any star, and the line OP (|| to earthôs 

axis) remains unaltered.

As the earth rotates about OP any star X makes a 

small circle LXM || to the CE. PXDQ be the semi-

great circle through X and the poles of the CS (P and 

Q). Then the angle DOX or the arc DX is defined as 

the declination (ŭ) of the star. Hence, north polar 

distance of the star is   PX = 90Á- ŭ.



The celestial sphere: Declination and Hour angle

Z

Q

SN O
Horizon

.

P L
R

C

X

WF

G

D

T

M

E

The small circle LXM is called P parallel of 

declination. All points on this have same ŭ.

PZRSQ is a semi-great circle called observerôs 

meridian. Star (L) on the observerôs meridian is 

said to be at transit. Star at L is at its greatest 

altitude and at least zenith distance (ZL). Itôs 

altitude keep changing and reaches horizon at F 

and minimum at M. Again at G star rises and 

reaches high at L. Thus, star from L describes 

360Áalong a small circle LXM.

At any moment starôs position on LXM is 

specified by the angle at P between the observerôs 

meridian and the meridian through the star 

(PXQ). Thus, the angle RPX or the arc RD on the 

equator is called hour angle (H).H is measured 

from O ï24 hours (0-360Á) westwards.



The celestial sphere: Right ascension and Declination
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Let ɔbe an equatorial star and X any other star on 

the meridian through X cutting CE at D. As

X passes across the sky, we know its ŭor DX is 

constant and also Xôs relative position with ɔ

remains same. Thus, ɔD is constanti.e the angle 

between the meridians of ɔand D remains constant.

Therefore, with respect to ɔas a reference point 

on the CE the position of X is completely 

specified. The angle ɔPX or the arc ɔD on the 

CE is defined as right ascension(Ŭ). The point 

of reference ɔis called the vernal equinox or 

the first point of Aries.



The celestial sphere: Right ascension and Declination
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The Ŭis measured eastwards from Oh ï24h. And, 

Rɔ= RD + Dɔ;  

where RD (RPX) is the hour angle of X and Rɔis 

the hour angle of ɔ. The hour angle of ɔis called 

the sidereal time (S.T).

S.T = H.A of X + R.A of X

S.T = H + Ŭ

Thus, when ɔis on the Observerôs Meridian

(PZRSQ), the HA of ɔIs 0h and S.T is 0h. When 

ɔis next on the OM, 24h elapsed. This is the 

time required to complete one rotation of the 

earth about itôs axis. This time is called a 

sidereal day. 



Galactic Latitude and Longitude

Here, fundamental great circle is the galactic equator 

with the intersection of the galactic plane with the 

celestial sphere. G and Gô are rge north and south 

galactic poles (after IAU).

The galactic latitude(b) of a star X on this great circle 

GXGô is the angular distance from the galactic

Equator to X. This is measured from -90Áat south 

galactic pole to +90Áat north galactic pole.

Zero point for longitude is the center of the 

galaxy. The longitude(l) of star x is the angular 

distance from the center to the great circle GXGô. 

This is measured from 0-360Á.

Further study: conversion of Galactic coordinates (l,b)

to equatorial coordinates (Ŭ,ŭ). See Binney and 

Merrified (Galactic Astronomy)



The earthôs orbit:  The ecliptic motion
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Imagine the earth is at the center of celestial 

sphere. The Sun appears to make an elliptical

Orbit around the earth. The sun makes one 

complete circuit of the heavens in one year. The 

plane of the orbit is called the plane of ecliptic. 

The great circle in which this plane intersects

the celestial sphere is called the ecliptic.

U

T ɔR is celestial equator and YɔM is the 

ecliptic. The ecliptic is inclined at an angle of 

about 23.5Áto the CE. Angle MɔR is called the 

obliquity of the ecliptic.



The earthôs orbit:  The ecliptic motion
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Ecliptic touches the celestial equator twice a year 

at ɔand U. Between ɔand M and M and U the sun 

is on the north pole side of the equator and between 

U and Y and Y and ɔthe sun is on the south pole 

side of the equator.

The position ɔ, at which the sunôs declination 

changes from south to north, is the vernal 

equinox. RA of the star  (X) is measured with 

reference to ɔalong the CE eastwards. ɔD is 

Xôs RA and DX is its ŭ.

At ɔsunôs RA  and ŭ are zero (March 21) called 

vernal equinox. At M RA is 6h and ŭ is 23.5ÁN 

(June 21: summer solstice). At U RA the sunôs RA

Is 12h and ŭ is zero (Sept. 21: autumnal equinox).

At Y RA is 18h and ŭ is 23.5 S (December 21:

winter solstice).



The earthôs orbit:  The ecliptic motion

At ɔsunôs RA  and ŭ are zero (March 21) called vernal equinox (march 21).

Three months later sun  is 6h from ɔand ŭ is 23.5ÁN (June 21: summer solstice).   

Six months later sun is 12h  (its RA) from ɔand its ŭ is zero (Sept. 21: autumnal 

equinox). Sunôs RA is 18 h and its ŭ is 23.5 S  on December 21 called winter solstice.



Seasons

The most northerly point of the ecliptic is called, in the northern

hemisphere, the summer solstice (RA=6h). At this point the Earth is topped 

towards the Sun giving longer hours of daylight and warmer weather.

The most southerly point is the winter solstice (RA: 18h) giving longer night 

hours and colder weather for northern parts of the globe.



Sidereal Time
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C is the center for both the Earth and the CS. g is the 

position of Greenwich and l is any other Place on earth.

Longitude on erath is the angle between plq and pgq.

Q

q

Extend Cg and Cl to produce CG and CL so

that meet CS. Now G and L zenith positions

of an observer at g and l on the earthôs surface,

respectively.

For a star X the angle GPX is the hour angle

for an observer at g and angle LPX is the hour

angle of star X for an observer at l.



Sidereal Time
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Angle GPX = angle LPX + angle GPL (=angle gpl)

H.A of X at g = H.A of X at l + longitude (w) of l

This also holds good for the equinox and the

sidereal time is H.A of ɔ

ST at g = ST at l +- long. of l

or

ST. at l (LST)   = ST at g (GST) +- long of l

+ve for east longitudes and ïve for west longitudes



Sidereal Day

The time it takes for the Earth to spin 360 degrees with respect to the star. 

This has been found out to be 23 hours, 56 minutes.

Solar Day: It is also found the Earth takes 24 hours to spin 360 degrees

With respect to the Sun. 



Precession
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Precession was noted by Hipparchus in the 2nd

century B.C.

ɔ1
G1

C

Precession makes  the north pole P (defined by the 

Earthsôs Spin axis) describing a small circle around K.

K is the pole of the ecliptic.

P1

The circle around K found out to be having a

period of about 26,000 yrs. Two thousand years

ago the Pole P was 12 degrees from Polaris, now

it is just 1 degree. One may predict in another

12,000 years, Vega in Lyra will be the pole star.

Say P is the north pole at the beginning of 2000

and P1 be north pole position at the beginning

of 2001. PP1 is the arc of a small circle around K.



Precession
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F ɔG is the CE with north pole at P. One year later

F1 ɔG1 is the CE corresponding to the north pole 

position at P1. Similarly, ɔand ɔ1 are vernal equinox 

Positions for year 2000 and 2001, respectively.

Due to the precession the north celestial pole moves

uniformly along the small circle arc PP1 and the

equinox moves uniformly backwards along the

ecliptic from ɔto ɔ1. The movement of ɔalong the

ecliptic is called the precession of equinox. This

is found to be at the rate of 50ò.3 per year.

This has an effect on starôs RA and Dec. Let C ɔ1

be a great circle arc right angles to CE F ɔG.

ɔC = ɔ ɔ1 cos Ů,       where Ůis the 

obliquity of   the ecliptic. Thus,

ɔC = 50ò.3 cos Ů

One may find rate of change in RA  0.008s per sidereal day



Precession

For a star of (Ŭ,ŭ) at one epoch and (Ŭ1,ŭ1) at another epoch the change

in RA and Dec are related as

ȹ ŭ= ɣsin Ůcos Ŭ

ȹŬ= ɣ(cos Ů+ sin Ůsin Ŭtan ŭ)

Where, ɣis yearly rate of change in RA, and Ůobliquity (23Á27ô)



Distances: Parallax

Star
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At a point E1 on the Earth, the direction to a 

star S is along the line E1S and at point E2 (six 

months later) Its direction is along E2s. 

During the course of the year, the apparent 

position of a star traces out an elliptical path 

called the parallactic ellipse.  Lines E2s and 

E1s contain an angle ́.

Let r be radius of the earth orbit

and d is the distance to the star

Then,

tan(́ ) = r/d or d = r/tan(ˊ) radians

Or d = r/ ˊ radians(as the angle is 

very small).

Converting radians into arc 

seconds (2 ˊ radians = 360Á)

ˊò = 206265 ˊ radians

d = 206265 r/ ˊò  (define one AU so that r=1 AU), 

thus

d = 206265/ ˊò AU

Parsec (pc) is the distance at which a star would 

have a parallax of 1ò. 

1pc = 206265 AU = 3.086 X 1013 km = 3.26light 

years.             

d = 1/ ˊò pc



The distance to the Hyades cluster

Radial velocity Vr = C ŭɚ/ɚ

For stars that are too far away to measure a 

reliable parallax we can apply a different 

geometrical method if those stars belong to a 

close cluster. We measure the distance from an

Actual radial velocity and a proper motion



The distance to the Hyades cluster

If a group of stars is moving together, we can sketch the motion of each 

star in space as shown. The point of convergence is determined on a chart 

of the sky by simply extending the lines of proper motion of each star and

Finding their point of intersection.



The distance to the Hyades cluster

ɗis the angle between  the space velocity (v) and the radial

velocity  vr. Thus, the tranverse velocity is given as

Relationship between distance traveled (x), velocity (vt) and 

time (ȹt) is

Since D is very large tanȹɗ= ȹɗ,  and the relation between

D and x is  written as

Where, ȹɗ/ȹt =ɛ, expressed in arcsec/yr.

Pc = 3.09x1013 km, radian = 206265 arcsec, 1year = 3.16X107



Distances: Parallax

Starôs parallax is the reciprocal of its distance. 

Farther the star smaller is the parallax.

F.W. Bessel in 1838 was the first to measure parallax 

for star 61 Cygni which is 0.29ò.

Hipparcos  (High precision parallax collecting satellite)

satellite in 1989 (launcched by ESA) measured

accurate parallaxes for about 120,000 stars upto distances

of 1kpc with errors  of 10% for stars below 100pc. 

The catalogue was released in 1997.

Gaia is European space mission to measure astrometry 

for one billion stars in our Galaxy. Gaia will measure 

stars down to mv = 20. It measures 24microns at 

mv=15 implying measuring the diameter of a human

Hair from 1000km. Gaia will be launched in Dec 2011

and data is expected from 2016.



Distance to the Sun: What is 1 AU in Km?

The sun is too bright to see background stars.

Base line of the Earthôs diamter is small 

compared to the distance to the sun.

Method a: timing the passage of either Venus or 

mercury across the sunôs disk from two well 

separated places on the Earth. Timing should be

Synchronized. Difference in timings between the 

two observations of start or end of the transit is 

the angle at the Sun between the directions of 

two observers. Separation between the two 

observing locations on the earth in km is known.

But transits are very rare. Recent one was 2004 

(earlier one was in 1882).

r

dɗ

tan (ɗ) = r/d km.

Venus transit:

Ū = 8.794ò



Distance to the Sun: What is 1 AU in Km?

ɗ

d

sun

Earth

Venus

cos(ɗ) = r/d or  r= cos(ɗ) X 1au

or  r =  cos(46.3Á) X 1AU = 0.6905 AU

r

Method b: Venus orbits inside the Earthôs orbit. We 

observe Venus to make angular separation from the sun 

(called elongation). This varies from 0Áto some 

maximum. At maximum the directions of Venus ïsun 

and earth ïVenus form right angles.

Maximum elongation:

Next is to measure Venusôs distance using parallax 

method with the aid of background stars. Or use a 

radar beam and measure the time for the round

trip.  

Thus, r = speed of light ( c ) X  t/2 (km)

where t is the time elapsed.

Therefore,  c X t/2 = 0.6905 AU

1 AU = 1.4959 X 108 km



Size of the Earth

p

ɗ

In 200 B.C  Eratosthenes attempted to measure 

Earthôs size and he could get circumference, 

c=40,000 Km. Todayôs values are 40,075 km along 

the equator and 40,008 km through the poles.

Ū/360Á= r/c

r

It was just overhead in Syene in Egypt. At the same 

time in Alexandria he measured the angle 7.5Ámade

by the shadow. The cities are 5000 stadia  (800 km) 

apart.

ɗ



Stellar Distances: main sequence method

(m-M)V = 5log(d/10)

d =10
((mv-MV+5)/5)

All stars in a cluster lie at the same distance 

allowing us to determine the distance by making 

an H-R diagram  by plotting apparent magnitude 

and the colour (B-V or V-K) of stars.We can 

calculate the distance to the cluster by comparing 

with the standard H-R diagram of true luminosities 

and the colour. The method of obtaining the 

cluster distance is called main sequence fitting.

Or



SNIa: distance indicators

They are luminous

Same peak amplitude with little dispersion

Physics of SN1a understood well

Local tests for calibration.

Problem: prediction of SN exposion

1-2 per galaxy in a millenium



Cepheid variables: distance indicators

Henrietta Leavitt was first to notice that the cepheids in Large Magellanic clouds 

have relationship between their apparent brightness (mv) and the period. Brighter 

Cepheids have longer pulsation periods . Since all the stars in the LMC are at the 

same distance from us , the period must be related to the luminosity.


