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Introduction:

The science of field astronomy offers to surveyors a means of
determining the absolute location of any point or absolute location and
direction of any line on the surface of the earth, by making astronomical
observations to celestial bodies.

To understanding the real and apparent motions of these celestial bodies
surveyors must be familiar with the geometry of spheres and spherical
triangles.Field astronomy has wide scope in geodetic surveying for determining
of true meridian, latitude, longitude and time.

Application:

). Determining the azimuth of the starting base of the triangulation series.

Y. The azimuth of starting and closing sides of precise traverses.

Y. Determining the latitude and longitude of at least one of the
triangulation stations so as to locate its position on the earth.

¢, To check the accuracy of triangulation series as suitable intervals
independently.

©, Determining the international boundaries.

Target populations:

Undergraduate students (third year ) — surveying engineering department

Course reading and references:

—

. Advanced Surveying by R. Agur Y« A

. Higher Surveying B. C. Punmia Y::°

. Text Book of spherical Astronomy by W. M. Smart (sixth edition Y4VYV)
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After completing the subject the student will be able to:

). the purpose and application of field astronomy in surveying.

Y. the importance properties of sphere.

Y. Introduction to elements and properties of spherical triangle.

¢. Using sine, cosine formula and Napier's rule to solve spherical triangle.

©, determining the area of spherical triangle, the shortest distance between

two points.

1. Using different coordinate system to locate the position of heavenly bodies

on the celestial sphere.

V. Applying correction to the observed altitude of the celestial bodies for

deducing their true altitude, at the time of observation.

A. Introduction to the time, motion of the sun and earth, defining the systems

used in measuring time.

1. Determining the local sidereal time at upper transit from knowing the right
ascension of the star, calculating the hour angle of star at the instant of
elongation by knowing the value of latitude of the place and the declination
of the circumpolar star
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Studying the most generally used methods for determining the latitude
of a place.

using the difference in local times of two places to determine the
difference in their longitudes, by various method.

use the star charts.



Syllabus

We | Subject Central ideas Objective
ek
) Introduction to the Purpose of field | To introduce the student on
field astronomy astronomy the purpose and application of
field astronomy in surveying
Y, Y | Geometry of sphere The  important | Introduction to the importance
properties of | properties of sphere
sphere, zenith
and nadir,
celestial horizon,
terrestrial poles
and equator,
vertical circle, the
meridian, the
latitude and
longitude,
azimuth
¢ Spherical triangle Elements of a|Introduction to elements and
spherical triangle, | properties of spherical
spherical angles, | triangle, Using sine and cosine
solution of a | formulato solve spherical
spherical triangle | triangle
(sine and cosine
formula)
e Solution of spherical Napier's rule Solving right angled spherical
triangle triangle by Napier's rule
1 The area of spherical Area pf spherical | Determining the area of
triangle triangle, spherical | spherical triangle
excess
Y, A | Astronomical The right Using different coordinate




coordinate system

ascensions and
declination
system

Altitude and
azimuth system

Declination and
hour angles
system

Celestial latitude
and longitude
system

Relationship
between various
coordinates

system to locate the position
of heavenly bodies on the
celestial sphere

)¢

observed altitudes of

the celestial bodies

corrections (
refracted , dip,
parallax,  semi-

diameter

4, | The shortest distance | The parallel | Determining the  shortest
Y+ | between two point on | latitude and the | distance between two point on
the earth value of one | the earth
degree latitude
and longitude
Nautical mile
V), | Different position of Star at | For calculation of the azimuth
VY | star with respect to the | elongation, star | of the star at the time of the
observers meridians at culmination observation,
Star at horizon,
circumpolar star
\Y, | Corrections to the Observational Applying correction to the

altitude of the
celestial bodies for deducing

observed

their true altitude, at the time
of observation




correction)

Instrumental
correction ( index
error, bubble
error, azimuth
correction )

1

time

The earth and the
apparent
motion of the

sun,

heavenly bodies,
classification  of
time ( sidereal
time, apparent
solar time, mean
solar time,

standard time )

Introduction to the time,
motion of the sun and earth,
defining the systems used in

measuring time.

\RY%

Conversion between
systems of time

Equation of time,
conversion of
time, conversion
of standard time
to local time

The difference between the
mean and the apparent solar
time.

YA

Conversion of
local mean time
to local apparent
vice

time and

versa

Conversion between different
systems of time

Y4

Conversion of
sidereal time
interval to mean

time interval

Conversion of local

mean time at any




instant to local

sidereal time if
Greenwich sidereal
time ( GS.T.) at

Greenwich mean mid
night (G.M.M.) s
known

AR = Conversion of local
sidereal time at any
instant to local mean
time if Greenwich
sidereal time at
Greenwich  midnight
(G.M.M or at G.M.N.)

Yy | = Determination of | Determining the local sidereal
the L.M.T. of the | time at upper transit from
upper transit of a | knowing the right ascension of
known star if | the star
G.S.T. of G.M.M.
is known

Yy | = Determination of | Calculating the hour angle of
time of [star at the instant of
elongation of a|elongation by knowing the
circumpolar star | value of latitude of the place

and the declination of the
circumpolar star.

Y¢ | Determination of By determination | Studying the most generally

latitude latitude by | used methods for determining
meridian altitude | the latitude of a place
of a star
Yo |=

By determination
latitude by equal
meridian

altitudes of two

stars on either

Making observations upon two
stars which culminate on the
opposite  sides  of the
observer's zenith, to reduce

the error of observations




side of zenith

Y1

By meridian
altitudes of a
circumpolar star
at its upper and
lower
culminations

The altitude of a circumpolar
star is measured both at its
upper as well s the lower
culmination, the knowledge of
the declination of the star is
not necessary.

YV

By ex meridian
observations of
star or sun

observe the altitude of the star
at any position and the exact
chronometer time is noted at
the instant of observation.

YA

By altitude of a
star on prime

vertical

Measuring the time interval
between east and west transits
of the star, the altitude is not
measured simply measure the
interval of sidereal hours that
elapses between the two

transits.

AR

Determination of
longitudes

By transportation
of chronometers,
by listening to
radio signals, by
observing the
which

culminate at the

stars

same time

using the difference in local
times of two places to
determine the difference in
their longitudes, by various

methods

constellations

Zodiacal
constellations
star almanacs
and star charts

Using the star charts by

surveyors







Geometry of sphere

A sphere is a solid bounded by a surface :
whose every point is equidistant from a fixed » /
point called Centre of the sphere et -~ S

Y- A section of a sphere is called a great circle if the section plane passes through
the Centre of the sphere

Y- A section of a sphere is called a small circle when the plane cutting the sphere
does not pass through the Centre of the sphere

Y- A diameter of a sphere perpendicular to a great circle is called the axis of the great
circle

Astronomical Terms

V- The celestial sphere :The imaginary sphere on which heavenly bodies, i.e.
stars, sun, moon, etc. appear to lie

Y- The Zenith: The point on the celestial sphere exactly above the observers
station

Y- The Nadir: The point on the celestial sphere exactly below the observers
station

¢- The celestial Horizontal : The great Circle of the celestial sphere obtained by
a plane passing through the Centre of the earth and perpendicular to Zenith-
Nadir line

°- The celestial equator: The great circle of the celestial sphere, the plane of
which is perpendicular to the axis of rotation of the earth and it is continuation

1- The celestial poles: The points at which the earth’s axis of rotation on
prolongation on either side, meets the surface of the celestial sphere

Y- Vertical circles: The great circles of the celestial sphere which pass through
the Zenith and Nadir of the station

A- The observer’s meridian: The Vertical circle which passes through the Zenith
and Nadir of the station of observation as well as through the poles

- The prime vertical: The wvertical circle which is perpendicular to the
observer’s meridian and passes through the east and west points of the horizon.

AR




V+- North and south points: The projected points of the elevated North Pole and
depressed south poles on the horizon.

VY- Ecliptic: The great circle of the celestial sphere which the sun appears to
describe with earth as centre during a period of one year.

VY- First points of Aries and Libra: The first point of Aries(Y?) is the point
where the sun crosses the equator from south to north on or about Y\ st March,
when day and night are of equal duration. The first point of Libra (=) is the point
where the sun crosses the equator from north to south.

Astronomical Coordinate

Y-Right ascension and declination system

Y-Altitude and Azimuth system

Declination (6): The angular distance of the celestial body from the celestial equator
along the great circle passing through the celestial poles and the celestial body.

Right Ascension: The equatorial angular distance measured eastward from the
declination circle of the first point of Aries to the declination circle of the celestial
body.

The Azimuth (A): the angle between the observer’s meridian and the vertical circle
passing through the celestial body and the zenith.

The Altitude (a): The angular distance of a heavenly body above the horizon,
measured on the vertical circle passing through it.

'Y




Declination and hour angle:-

Hour angle (HA): The angular distance along the arc of the horizon measured from
the observer’s meridian westward to the declination circle of the body.

Relationships between Varian’s coordinates

<Ez+Zp=4-°
<Np+pz=9.°

<Ez+Zp=<Np+pz

<Ez=<Np Horizon = .
A Equater - B

0+Zp= a+pz
0=a

The altitude of the pole is always equal to the latitude of the observer position

The parallel of Latitude

A small circle through a point perpendicular to the axis of rotation of the earth, is
known as the parallel of the point. (As the latitudes of various parallels increase, the
radii of the parallels decrease.

The value of one degree of Latitude

The value of one degree of latitude is equal to

2m+6370
360

=Y, Y YKkm

The value of a degree of latitude is a constant value everywhere.

The value of a degree of longitude is maximum, i.e. Y)),)Ykm. This value decreases
as the latitude increases and finally its value becomes zero at the north and south
poles.

VY




The Nautical Mile

The angular distance along the great circle corresponding to an angle of one minute
arc subtended at the Centre of the earth.

2mx6370
36060

Nautical Mile= =V,Ae¥km

Spherical Triangle

The triangle which formed upon the surface of a sphere by the intersection of three
great circle is called spherical triangle

Properties of a spherical triangle

Y-Angle opposite to equal sides is equal and vice versa
Y-Any angle is less than two right angles

Right angle =%+°

Two Right angles= YA+°

Y-The sum of the three angles is always greater than two right angles but less than six
right angles

¢-The sum of any two sides is greater than the third
°-The difference between two sides is less than the third

1- The greater angle is opposite the greater side and vice versa

V¢




Solution of Spherical triangle

Knowing any three elements a,b,c,A,B,C of a spherical triangle ABC, the remaining

three elements may be computed

Sine formula

sina_sinb_sinc

sinA sinB sinC

Cosine formula
Cos a= cos b*cos c+ sin b *sin ¢ *cos A
Cos b= cos a*cos ¢+ sin a *sin ¢ *cos B

Cos c= cos a*cos b+ sin a *sin b*cos C

cos a— cos bxcos ¢

Cos A=

sin b *sin ¢

Sin é:\/sin(s—b)*sin(s—c)

sin bxsin ¢

A sin s*xsin(s—a
Cos 4= |dnswsin(s—a)
Y sin b*sin ¢

Tan é:\/sin(s—b)*sin(s—c)

sin s*sin(s—a)

a+b+c
A\

Where s=

A ——
\ ~_b
\ ~
N
‘ g
/" -
B P a

Yo




Tan - - (a+h) —w * tan =

cos (A+B) ¥

\
in- (A—B
Tan % (a-b) =8B kg €

; Y
sing (A+B)

(a-b
Tan - (A+B) 05 @D) e ot €

cos; (a+b) ¥

b
Tan - - (A-B) —L * cot <

sm— (a+b) A

The four parts formula

Cosa*cosB=sinacotc—sinB *cotC

C gfher angie

a, .
inner side

t -
B inner angle

other side

Solution of a right angle spherical triangle by Napier’s Rule

Sina=tan ctan(%:°-C)

sin a =cos (4+ —A)*cos (%-b) / { ..... M
/ \
. ’," \ \
sin ¢ =tan a tan (1 +-A) ( / \ \'
« / \
\\
\ \. /
\ \\ /
\\.\ /
// 4l\ \‘-\
If b: A / \\‘ " \
\\ \
\ \ /
\ , WY £
V4 \ /
V1 s




Spherical excess
The three angles of a spherical triangle don’t sum up exactly to YA+°

e=A+b+C- A+°

nRve
VA0

Area A =

Geometry of an Astronomical triangle

Az = Azimuth
HA= Hour angle
a = Altitude

&= Declination

6= Latitude

ARY




Example: - Calculated the shortest distance between two places A and B given
that the latitudes of A and B YA°Y+'N and YY°¢Y'N and longitudes are Y1°YA'E and

AY°o *E respectively?
Solution:-

AP= 4.0-YAOY  =1)ov

BP= 4.0-YY0§Y =oYo\ A’

P=AYo0 £ Y1) A" ="0Y

Cos AB=Cos AP* Cos BP+ Sin AP* Sin BP * Cos P

= Cos 1V°Y+"* Cos ©VY° YA+ Sjn 1Y°Y .« "* Sjn oY°YA™* Cps 1oV’

Cos AB =+,34Y
AB=cos™'+,344Y =Vo.¥ ¢y Y

Y
YAW©

The shorted in Km = R*angle *

TEV YO TN Yy

YA.©

= VAo, ) FAKM

Example: - Calculate the distance in kilometer between two points A and B along
the parallel of latitude given that

V) Lat of A=YA°EY'N Long of A =YY\ Y'W
Lat of B=YA°¢Y'N Long of B =¢VeY¢'W
Y) Lat of A=) Y°Y1'S Long of A =)YeeT'W

Lat of B=VY°Y1'S Longof B=Ye:°Y¢{'E

YA




Solution

V) Difference of longitude between A and B
—$YOY £\ =¥ YO Y\W
=)Y1°)YY=4VY’
Distance in Nautical miles = Difference of longitude *Cos latitude in minutes
= AYY min * Cos YA°¢Y’

=AoY,YY N.M

Km=ASY,YY * Y,A0Y = 1oV, FsKm
Y)  Difference of longitude between A and B
=YY U \W-Y0.°Y¢E
=))eol (-1 0.0V ¢
= Yilooy.’
=Y14°.Y 1007 L =4 07 =0 v min
Distance in Nautical miles = Difference of longitude *Cos latitude in minutes
=01V min*Cos Yoy’

=ooTY, 0 N.M

Km=ocoYY,¢o * Y, AeY = 1.7V, 'Km

Example: - What is the geodetic area enclosed by the spherical triangle ABP on
the earth’s surface when the coordinate of the station are as follows?

A=Y:°N  £c°F
B=c:°N  1+°E

R="YYA Km

14




Solution

<p=1:°-fco=\o°

Cos AB=—c0s 1+°coS € +°+sin 1+°sin ¢+°cos Y°e°
Cos AB=+,4Y.VY

AB= YY,41V

sinA _ sinP
sinBP sinAB

sin P *

Sin A= sin BP

sin
=, eYY
A= YoOoYY oA

sinB _ sinP
sinAP sinAB

. sin Ye° -
- qe°
SinB v SIn

SinB = +,eV¢e

<B=Yo,.0A

= YA-Yo,.0A=YV 8 ¢,9)00

e=A+B+P-1 A+

=(Yo,YYoA+Y££,4V04)0)- YA =VYA0, V- VYA =0, Y

Y
Area :”*::VA * 0\ = FIAVET), T Km?2

Example: - Determine the hour angle and declination of a star from the following
data

Latitude of place (8)= ¢A°Y+'N

Azimuth of the star (A) =°+:°W

Altitude of the star () =YA°Y ¢’




Solution

Cos(1+-6)=Cos(?+- 8)* Cos(%+- a) +sin(3+- 8)*sin(+- a) *Cos A
=Co0s £V°Y«* Cos VoY1 '+ gin €Yo "* gjn 1V°Y¥1'*Cps ©+°
= ,YYA

Q0§= £¥°.YYY 07

0= £1°0V'YA,0”

. Sin AxSin SZ
Sin H =2222022 = L4y
Sin PS

H: /‘000’» '0}0“

Example: - Find the Azimuth and the hour angle of the sun at sunset for a place of
latitude €4° N its declination being given to be Y4° S?

Solution

§=3+°-(-Y4°) =149

Cos(8+-6)=Cos(2+- 8)* Cos(%+- a) +sin(3+- 8)*sin(+- a) *Cos A

Cos(?+-(-2°) )= Cos(?+- £€3°)* Cos(+- +) +sin(¥+- £€3°)*sin(3+- +) *Cos A

— Yo

Cos A = =-+,897YV¢

oY
~_-L°-L
A= )19°60°V,Y”

COS SZ—CO0S PZ*COS PS

CosH-= . -
sinpzx*sinps
= ,¥491)
H= 77°r9 o¢

Example: - Find the distance between London (UK) and Baghdad (lraq)

P

L= (0\,Y’~@N' ) 'Q‘W)

/’/',/’7
\R \’é




B= (*Y,Y°N, ££,Y1°E)

Solution

Cos BL = Cos PL *Cos PB + Sin PL *Sin PB * Cos P

=Cos (4+-21,Y+°) *Cos(3 +- YV,Y+°)+ Sin(?+-2),Y+°) *Sin(3 +-YY, Y« *)*Cos(+, ) +°+££,Y7)
=Y1,v¢

RxmrxY1 V¢
Y

BL = £eAY,2Km

Example: - Find the distance between Chicago (UST) and Mexico city
Ch (£Y,0+°, AV, £0°W)

M ()4,Y0° 49,1 W)

Example: - Find the distance between Buenos Aires and Athena
B(T£,£+°S, OA,Y W)

A (T4 "N, YY,££°F)

AR




Different Positions of the Star with respect to the Observer’s Meridian
The following positions of every star in the heaven are important to a surveyor.
V) Star at Elongation

A star is said to be at elongation when its distance east or west of the observer’s
meridian is the greatest

At elongation, the star does not move in azimuth, its motion being entirely in
altitude

e
7\?_ L

Horizon~

V-Star at eastern elongation: A star is said to be at eastern elongation when it is at
its greatest distance to the east of the observer’s meridian

Y-Star at western elongation: A star is said to be at western elongation when it is at
its greatest distance to the west of the observer’s meridian

¥) Star at Culmination

The diurnal circle or the path of the star crosses the observer’s meridian twice during
one revolution around the pole.

A star is said to be at Culmination, when it crosses the
observer’s meridian

Equﬂ’bl’ E

Yy




a) Star at upper culmination: A star is said to be at upper culmination when it
crosses the observer’s meridian above the celestial pole.

b) Star at lower culmination: A star is said to be at lower culmination when it
crosses the observer’s meridian below the celestial pole

V) Upper culmination of Star A
The Zenith distance (Z) = ZA,,

ZA,= ZP-PA,
=(3+-0)-(3:-0)
ZA,=5-0

Y) Upper culmination of Star B
ZB,=PB,-ZP

=(3+-8)- (3+-6)

=0-6
¥y Lower culmination of Star A
Z= A (0 + §)
¢) Lower culmination of Star B

Z=\A-(0 + &)

Example: - If the latitude of the observer’s station is YA°Y+’N and declination of

the star is 1Y°Ye" N, calculate the zenith distances of the star at its upper and lower
culminations.

Solution:
O=YA°Y.'N
S =1Yoyo'N

Z,=6-8
= YOYo Y AOYL

AR




=Y¢o.o’
Z,=VA (6 + )
=) /\~-('W°VO'+Y /\°\'“~') =AM OO

Example: - Both culmination of a star occur on the north side of the zenith and its

observed altitude at a place at upper and lower culmination are °%°Y:" and

) «°Y “respectively. Find the latitude of the place and declination of the star.
Solution:

a,=cn°y .’

a;= ) ov

Z,=6-0

(3+-a,)= -9

q.-07°7v.'=§5-60

¥Yor.'=§-6

Zl:\/\"((‘)"i‘ 9)
(Yr-ap) = A-(6+ 0)

(- OF )= VA( S + 6)
VeoT (8 + 0)
YYor.'=§-6

VoY =54 0

9 =rrrs

8:7\/00"




Example: - If the upper culmination of a star ( declination ¢A°¥A’N) is in the zenith

of the observer’s place, find the latitude of the place and altitude of the star at its
lower culmination.

Solution:
Z,=6-0
=¢AOYA- @
O =£A°YA

Zl:V\'-(Q + 5)
=) /\~-( i/\°\‘/\'+i/\°\‘/\')

=AYog¢¢”
a=«-Z =V )7

Example: - Calculate the latitude of the place where a given star at its lower
culmination remain at the horizon and its upper culmination occurs in zenith?

Solution:
Z;=YA- (8 + 6)

Vo g=VYAC- (0 + 6)
eo=VA-(0 + 6) 6=0
3.°0=VA.°_Y g
Y 9=VA.0-9.0
YO =4.°

Q=:°

¥) Star at prime vertical =
A star is said to be at prime vertical when it occupies /N a
position on the prime vertical. 5 4

1 50° o P




¢) Star at horizon
A star is said to be at horizon when its altitude is zero.
a=:

Siné

= Sind * Sec 0
Cos 0

Cos A=

CosHA=-Tané *Tan @

¢) Circumpolar Stars

The stars which remain always above the horizon of the observer’s position and
do not set at any time.

6> 4.-0

Example: - Calculate the declination of the sun at a place of latitude YA°YA" if it

rises on prime vertical.

Solution:

Az=12.°
a=:

6=?

Cos (1+°- §)=cos 1V°¥+ Cos 4+°+ Sin 11°Y+’Sin 1:°Cos4 +°

Cos (1+°-6)="+

8= -

Example: - Show that on Y) march (when the sun’s declination is *°) the sunrises
exactly due to east in London and Nairobi and Sydney (Australia)?

London 6=2)°Y+'N

Nairobi @ =),YVv° S

Yv




Sydney 6 =1°¢.7

Solution:

CosA=Ins = o=
A=Cos™' + =%+°
COSA:SinS _  Sin: —.

Cos®  Cos).)Ve

A=Cos™ +=17.°

Example: - Find the Sun rise position In Nairobi on Y\ June and Y) December
6 In Y)Y June =YY¥,°°N

6 In Y December =YY,©°S

6 of Nairobi =Y,YV° S

Solution:

In Y)Y June

_Siné§ _ Sin\Yv.e°
Cos 0 Cos V.)VY°

Cos A
Cos A = ,TYa9AA
A = 17,0.°

In Y)Y December

_Siné _ Sin(=YV.°°)
Cos 0 Cos V.)V°

CosSA=-+,YAAAN S A= 1,00

Cos A

Example: - What direction in Mecca (Saudi Arabia) from Jakarta (Indonesia)
Mecca (Y),Y1°N, ¥4,£9°E)

Jakarta( 1, +A°S, V1, £0°E)

YA




Solution:

P=).1,60°.¥4,¢9° =11,4%°

Cos MJ=Cos MP Cos JP + Sin MP Sin JP Cos P
=V, A

SinMP _ SinM]J
Sin J Cos P

]=70,'fo

Corrections to the Observed Altitude of Celestial Bodies

The following corrections are generally applied to the observed altitudes of the
celestial bodies for deducing their true altitude at the time of observation.

V) Observation correction
A) Refraction correction
B) Dip correction
C) Parallax correction
D) Semi-diameter correction

Y) Instrumental correction

A) Index error correction
B) Bubble error correction
C) Azimuth error correction

\-Refraction correction

It is will established fact that the density of the air decreases as the distance from the
earth surface increases, we also know that ray of light passing through layers of air of
different densities get bent and thus their path is along a curve.

The magnitude of refraction correction depends upon the following factors:

V) Density of the air ey

- / ) \S
Y) Temperature of the air F e K
Y) Barometric pressure of the air 2 S SN
SR\ L

Y4 R ERRE N




¢) Altitude of the celestial body

The apparent altitude greater than Y +°

Correction for refraction in seconds = ¢A’cot «

=oANtan Z

Y- Dip correction

The angle between the sensible horizon and the visible horizon is
called angle of Dip

Magnitude of dip depends upon the altitude of the observer’s
position above M.S.L.

Tan ﬁ:\/%

Y- Parallax correction

The difference of altitude of the sun at a point on
the surface of the earth and at the centre of the
earth is known as sun’s parallax in altitude.

The maximum horizontal parallax is A”.4° on ¥)*
December "

The minimum horizontal parallax is A”.3% on ¥ \

-0
_ =" Horizontal
s parallaox

July. v

Parallax in altitude = horizontal parallax* Cos a
=AA* Cos a

¢- Semi-diameter correction




The correction for semi-diameter is positive if the X
lower limb is observed and negative if the upper limb R R

A B
is observed. / \\J

. . D
Semi-diameter = a\+7

. e D Vo ,’q' %
Seml-dlameter=aY-; (A5

Example:- Find the true altitude of the sun’s centre which gave an apparent altitude

of ©0°Y¢'YY” to the sun’s lower limb. Diameter of the sunis ¥) ¢1”

Solution:

V) Correction for refraction
r=eA” cot a
=oA" cot ooy e YY”
=Y'4".A(-ve)
Y) Parallax in altitude = A, A™* Cos a
=A,A"* Cog 00°Y¢ YY"

=0,) ll(+ve)

¥) Correction for semi-diameter
Semi-diameter :+¥W

=)o oY’ (+ve)
Total correction

Apparent altitude = ©o°Y £ YY"

)




r=-Ya".A
p:O)\ll
D=\Yo oy”

True Altitude of the sun =e0°¢47¢\" ¥

Example: - A force right observation on the sun’s lower limb made and the altitude

was found to be YA°Y1'Y «” the semi-diameter of the sun at the time of observation

was Yo e4,Yo” Find the true Altitude of the sun

Solution:

V) Correction for refraction
r=°A" cot a
=oA” cot YA Y'Y .”

=)"¢q,yo”

Y) Parallax in altitude = A,A™* Cos «
=A,AN"* Cos YAOYU'Y .7
=V,Y’(+ve)
¥) Correction for semi-diameter
Semi-diameter =Yo e4,Yo”
Total correction

Apparent altitude = YA°Y1'Y.”

Y




=-\)'¢1,v0”
p:\/,\/”
D=Yo"eq,y0”

True Altitude of the sun =YA°e . " ¢.77 Y

Yy




Time

Time: The interval which lapses between any two instants is termed as time.
Classification of Time

V-The sidereal time

Y-The apparent time

¥-The mean solar time

¢- The standard time

V-The sidereal time: The hour angle of the first point of Aeries (y) measured west-
ward + to Y ¢ hours at any instant .The interval of time between two successive upper
transits of the first point of Aeries (y) is called the sidereal day.

The Local sidereal time (L.S.T): The interval of time which elapses since the upper
transit of the first point of Aeries (y) over observer’s meridian.

L.S.T=HA+R.A

Y- The apparent solar time: The measurement of time based on daily apparent
motion of the sun around the earth, is known as apparent solar time.

The interval of time between two successive lower transits of the centre of the sun
over the meridian of the place is called the apparent solar day.

Y- The mean solar time: The motion of the mean sun is the average of the motion of
the true sun is right ascension.

The interval of time between two successive lower transits of the mean sun is called
mean solar day or civil day.

The Local mean noon (L.M.N): The instant when the mean sun crosses the local
meridian at its upper transit.

The Local mean time (L.M.T): The hour angle if the mean sun reckoned west-ward
from « to Y ¢ hours is known as Local mean time.

The mean solar day begins at the mid night and completes at the next mid night.

Y




The difference in local mean times of two places is always equal to the difference of
their longitude.

A civil day is divided into two periods, i.e. mid night to noon and noon to mid night.

£-The standard time: As the local mean time at any meridian is reckoned from the
lower transit of the mean sun at the meridian, the local mean time of each meridian
will therefore, be different. The mean time of the central meridian of a country
referred to as the standard time of the particular country.

The meridian, whose local mean time is used as the standard time of the country, is
known as the standard of meridian of the country.

Standard time =L.M.T + difference of longitude converted to time

Example: - Calculate the local mean time at a place whose longitude is 4 Y. E,

when the standard time is » h ¢.m ».s .Assume the standard meridian of the country as

AYr.'E.

Solution:-

Difference in longitudes =4 Y°¢."-AYow," =1 .0
=V.o%ki=tapm

Standard time =L.M.T -difference of longitude in time

aAhemys=LMT-¢m
LMT=rhsmy.s+éem
LMT=¢hy.my.s

v+.° of longitude = v¢ hours of time
Vo of longitude = \ hours of time

V* of longitude = ¢ m of time

Ve’ of longitude = y m of time




V" of longitude = ¢ sec of time

Ye” of longitude =y sec of time

Example: -Convert the following difference in longitudes into interval of
time
a) 1Ye, £y

b) Yvieye¢ov”
Solution:-

a) 1Yo VY’

Y
TYO:zh =¢th +Am *s

\V'::_vm:~h Y ' m As
o

gy =

D

s=+*h'mY,As
Total =¢h9m Y+,As
b) YVYieyeov”

\\/'\°:%h: VYR £4m +s

ve="m='n)m"ris

OV
oV T=—
Yo

s=*h mY.As
Total =YYh ¢em Ya.As

Example: -Express the following interval of time into difference in
longitudes.

a) °hY+m tes
b) Y+hY¢m)Ys

1




Solution:-

a) °h ¥ m ¢es
oh= o* yoo=VYo00o.," "
Y‘~m:Y‘~*\0’=\/°Y‘~’~”

¢og=¢o*yo'=.0))"V0o"

Total =AYeEe Y\ Vo™
b) YehY¢m Vs

| nh: A\ \°°:\°~°~,~”
Yem=YEr o =10, "
\YS:\Y*\OI: NCA i

Total =Yooy ™

Equation of time

The difference between the apparent solar time and the mean solar time at any instant
is known as the equation of time.

Equation of time= apparent solar time — mean solar time

Example: -If the standard time at a place in India is YA h YA m YAs corresponding

to standard meridian AY’Y'+'E find the local mean time for the place whose
longitudes are:

a) E
b) £A'W

v




Solution:-

Standard time =L.M.T +difference of longitude in time
a) 4°E
Difference in longitude=4 +*-AY"Y'+'=V°¥.”

v
— h=+h YAm +s
Vo

‘.
— m=+*h¥Ym +s

Yo
Total =+h Y+m +s

Standard time =L.M.T +difference of longitude in time
YAhYAMOYAs=LM.T--hY'm *s
LMT=YAhYAmMYAs++hYm s

LMT=VAh ¢Am VAs
b) ¢A°W

Difference in longitude=-AYoY (- £A%) =) V. oF.”

\

‘o
h=Ah ¢+m s
Yo

% m=+h Ym s

Total =Ah €Ym +s

Standard time =L.M.T +difference of longitude in time
LMT=YAhYAMYAS-Ah £€Ym +s

LMT=4h¥Im\As

Example: - Find the G.M.T. corresponding to the following local mean
time

a) Ah Yim ¢As A M. at a place in longitude Y1°¢e’E

YA




b) Ah Yim ¢As P.M. at a place in longitude Y1°¢e'W

Solution:-

a) Ah Yim £As A M. at a place in longitude Y1°¢o’E
Difference in longitude=Y1°¢e’E

vie
VS h=°h ¢m s

to’

— m=-+h¥m s

Total =h Ym +s

G.M.T =L.M.T —difference of longitude in time
G.M.T =Ah ¥im £As- 6h Ym +s

G.M.T =Yh Y4m ¢As

b) Ah Yim ¢As P.M. at a place in longitude Y1°¢e'W
Difference in longitude=Y1°¢o"W

vae
— h=°hfm s
\o

to’

— m= *h¥m +s

Total =h Ym +s

G.M.T =L.M.T +difference of longitude in time
G.M.T =Ah ¥im ¢As+oh Ym +s

G.M.T =Y:h YIm ¢As+ch Ym s

G.M. T =Yeh £€¥m ¢£As

G.M.T =Yh ¢¥m £As in the next day

Y4




Example: - The Greenwich civil time (G.C.T.) at the time of astronomical
observations was known to be Ah ¥+m ¢As P.M. on January YV, Y3A«_ If the

longitude of the place of observation is 4¥°¢e"¢2”E, find the L.M.T. of the place.
Solution:-
Longitude of the place =3Y°¢e ¢o”E

‘W’°:¥ h="h Y¥m « *s

s 20,
¢o'=—m =+h¥™m s

$0”

ZO”:—m :~h ‘m ~\~S

Yo
Total=ThYem Ys
G.M.T =L.M.T =difference of longitude in time
L.M.T= G.M.T + difference of longitude in time
=Y+h ¥ m ¢As+1h Yem ¥s
=Y1h ¢om Vs
LMT=Yh¢emeYs AM.onJan.YY. V4A.

Example: - Find the local apparent time of observation of sun at a place in

longitude YY°Y1'E, corresponding to local mean time %h Yem Y+s. The equation of

time at G.IM.N. is ¢m Y ¢,YYs additive to the mean time, and decreases at the rate of

+,Y €5 per hour
Solution:-
V-Calculate of G.M.T

G.M.T=L.M.T= difference of longitude in time

Difference of longitude in time =VY°YVE =¢h ¢+m Y¢s




G.M.T=3hYem Y:s-th o m Yis
G.M.T=¢h ¥im °1s
Y- Mean time interval before G.M.N.
=VYYh-th ¥¢m ©1s
= VYh Yom ¢s==V,¢Yh
Y-it is given that equation of time decreases at the rate of +,Y¢s per hour at G.M.N
=V,£Y*.,Yés\n=+h +m ),VAs
¢-Equation of time at G.M.T = fm Y¢,YYs++h «m ),VAs
=tm¥is
°- G AT=ET. +G.M.T.
=¢m Yis+¢h Yém o1s
=¢h ¥4m ¥Vs
1-L.M.T= G.A.T. + difference of longitude in time

LMT=¢hYim Y¥Ys+¢ho m Y¢s
L.M.T.=%h Ydm e1s

Example: - Find the L.AT. of an observation at place in longitude T+°YA'E,

corresponding to local mean time Y+h Y+m Y+s. The equation of time at G.M.N. is
°m ¢,Yes additive to the mean time, and decreases at the rate of +,YYs per hour

Solution:-
V-Calculate of G.M.T

G.M.T=L.M.T= difference of longitude in time
Difference of longitude in time =1 +°YA'E =¢h Ym Y Ys
GMT=Y*hYmY¥+:s-¢hYm VY¥s

G.M.T="h Yim YAs

Y- Mean time interval before G.M.N.

€y




=\Yh -1h Ydm YAs
=0oh ¢+ m ¢Ys==9,1Ah
Y-it is given that equation of time decreases at the rate of +,Y ¢s per hour at G.M.N
=0,TAh*+,¥Ys\h= +h *m Y,AYs
¢-Equation of time at G.M.T = °m £,Yes++h +m Y,AYs
=o°m 1,VVs
°-GAT=ET. +G.M.T.
=°m LYVs+Th Y4m YAs
=Th Y¢m Y¢,)Vs
1-L.M.T= G.A.T. + difference of longitude in time

LMT="hYimVY&'Ws+¢hYm YVs
LMT.=YhYem ¥%,VVs

Example: - Find the L.M.T. of observation at place from the following data
L.A.T of observation = Yeh YYm €5

Equation of time at G.M.N. =em ) +,7°s additive to apparent time and increasing at
+,YY seconds per hour

Longitude of the place =Y +°Y "W

Solution:-
V-Calculate of G.M.T

G.A.T=L.M.T# difference of longitude in time

Difference of longitude in time =Y :°Y+"W =Yh YYm

£y




GAT=Y°hYYm ¢+s+Yh Y¥m
GAT=YthY¥imt-s
Y- Mean time interval before G.M.N.
=\Yh-V\Th ¥ém é+s = ¢hY¥ém ¢.5=¢,0Vh
Y-it is given that equation of time decreases at the rate of +,Y ¢s per hour at G.M.N
=¢,0Yh *« YYs\n=+h +m ).+ )s
¢-Equation of time at G.M.T =°m Y+,7es++h «m ), s
—om V) .11g
°-G.M.T=G.AT+E.T.
=V1h Yém ¢+s+°m V), 1s=)Y1h ¥9m o), s
1-L.M.T= G.M.T. - difference of longitude in time

LMT=Y"hYimeY,10s-Yh YYm
LM.T.=Yeh YYm @), 1s

Conversion of Sidereal Time Interval to Mean Time Interval

In one tropical year, the mean sun apparently goes around the earth once with respect
to the first point of Aeries (y) in the same direction as that the earth rotation.

Total number of sidereal days in a tropical year should be equal to n, But actually the
earth rotates only (n-V) time with respect to n sidereal days in tropical year.

¥1e,Y£YY mean solar days in a tropical year

Ylo YEYY

) sidereal day =—— 3

mean solar day

\ sidereal day =)- mean solar day

I yYevy

V sidereal day = YYh ¢ m £,+3s mean solar time

¢y




Yh sidereal day = Yh -2,AY47s mean solar time
Ym sidereal day="m — +,)1YAs mean solar time
Vs sidereal day="'s — +,+* YYs mean solar time

Retardation

Y mean solar day = '+ sidereal days

ey

Y mean solar day = Y¢h Ym ©7%,27s sidereal time

Yh mean solar time=Yh + 4,Ae%es sidereal time

Ym mean solar time = Ym ++,)1¢Ys sidereal time

s mean solar time =)s + +,+ + YVs sidereal time

The mean solar day is Ym ©7,2%s longer than the sidereal day.

The sidereal day is ¥Ym ©2,%3s shorter than the mean solar day

Example: - Convert th ¥+m ¢ +s sidereal time to mean solar time interval.
Solution:-
Sidereal time="h Y+m ¢:+s

To convert sidereal time to mean solar time, the retardation @ 4,AY 47 seconds per
hour of sidereal time is applied.

Th*4,AY41=0A,4VYVY" seconds
Yem *+,V1YA=¢,9Y ¢ seconds
€eg%e, 0 YVY=1,) A seconds

Total =1Y,4441 seconds

£¢




=YmY,444"g
Mean solar time= sidereal time — Total retardation
=h¥Y'mé¢s-Ym ¥,94947g
=1Th Yim Y1 sec
Example: - Convert th Y3m Ys mean solar time to sidereal time interval
Solution:-

To convert mean solar time to sidereal time, the acceleration @%,A°%e seconds per
hour of mean solar time is applied.

Total acceleration
Th *9,Ae%0=09,1Y4. seconds
Yam *+,Y1¢Y=¢,Y1YA seconds

¥1g* +, 2 YVY=+,+4YY seconds

Total acceleration =1Y,44A«sec=Ym ¥,44As

Sidereal time interval = mean solar time + Total acceleration

=ThYim Ys+Ym Y,99Ag

=Th ¥« m Y¥49,8AAsec

Conversion of local mean time at any instant to local sidereal time if

Greenwich sidereal time (G.S.T.) at Greenwich mean mid-night
(G.M.M) is known

Example: - Find L.S.T. at a place in longitude 4+° W of Y +AM if G.S.T at G.M.M.
iIsYYheAm ¢,)s

Solution:-

V- Calculate L.S.T at G.M.M
a) The longitude of the place
1.2 \W="1h
b) Calculate the total retardation or acceleration

¢o




For west total acceleration
Th*49,A0%0= 04,143
c) Obtain L.S.T at G.M.M
L.S.T at G.M.M=G.S.T at G.M.M. + acceleration
=VY¥h oAm £,Ys+0%,1 Y4
=\Y¥h e4m ¥,Y¥4s

Y- Calculate the mean time interval by the mean time interval between L.M.M.

and L.M.T.
=)+« *9,A005ec = 9A,07 03
=Ym YA,e"¢eg

Y- Convert mean time interval to sidereal time interval
Sidereal interval = Mean time interval + acceleration

=Y h+Ym YA,eTeg=Y+h Ym YA, eg
¢- Calculate local sidereal time to local mean time

L.S.T at local mean time =L .S.T at G.M.M +S.1.

=\Yhedm ¥,YY¥4s+)Y+h Ym YA,eeg
=Y¢th m ¢Y,AN+¢g
=hem¢Y,Aeég

Example: - Find the L.S.T. at a place in longitude Y1°Y+'E at ¢h ¥*m P.M., G.S.T.
at G.M.N. being ¢h Yim YAs.

Solution:-
V-Calculate L.S.T at G.M.N

a) The longitude of the place
Y1oY. ‘= oh im

b) Calculate the total retardation or acceleration
oh *4,A0%0g= ¢4,YAYO

A




Tm*+,)Y1&¢Y¥s= +,9A0Y
Total = 2+,Y1VV sec
c¢) Obtain L.S.T at L.M.N
L.S.T at L.M.N=G.S.T. at G.M.N - retardation
=¢h ¥YIm YAs - 0+,Y1VY sec
=th ¥Yom YV,Y¥Y¥s
Y- Calculate mean time interval
M.T.I=¢hYm
¢h *4,A0705 =¥4 £Y1.g
Yom*,Y18Y=¢,4Y+g
Total = £€£,Y0Y s
Y- Convert the mean time interval to Sidereal time interval
Sidereal time in interval = M.T.I+ acceleration
=th Yem+£¢,YoY g
=¢thYym ¢€¢,Y0Y g
¢- Calculate L.S.T
L.S.T=L.S.T.at L.M.N. +S.T
=¢th Yom YV,VYYYs+éh Yem €¢,Y0Y g
=Ah"m\\Y,«Aésec

Conversion of local sidereal time at any instant to local mean time if
Greenwich sidereal time at Greenwich mid night

Example: - Find L.M.T. at a place in longitude 4+° W if L.S.T. of the place is *h
'm £Y,Asand G.S.T. at G.M.M. is Y¥h eAm §£,)s.

Solution:-

V- Calculate the sidereal time at local mid night

1Y




L.S.T.atL.M.M. =G.S.T at G.M.M. + acceleration
1+°W =1h the place is west of Greenwich
Acceleration=1h * 4,A070=04,174.g
L.S.T =G.S.T. + acceleration

=YYh oAm ¢,Ys+29,YY4 g

=\Y¥h o4m ¥,Y¥4s

Y- Calculate the sidereal time interval between the L.S.T at local mean mid night
and given sidereal time.
SI=LST.-LS.T.atL.M.M.

=h 'm ¢€),As-YYh ¢4m Y,YY¥4s
=Y¢h m €Y,As-YYh ¢9dm Y¥,YYV4g
=Y+h Ym YA, g

Y- Convert sidereal interval to mean time interval
Mean time interval = S.I - retardation

Yoh*9,AY47 = 9A,Y44g
Ym*+, ) IYA= VYA
¥A,0T 6%, v YV, ) v g
Total = 9A,21Y4s= Ym YA,e1Y4g
Mean time interval = S.I. — retardation
=Y+h Ym YA,2%s-Ym YA,015
=\ AM
Example: - Find L.M.T. at a place in longitude Y1° Yo’E if L.S.T. of the place is th
¢Ym)YAsand G.S.T. at G.M.M. is Ah Yim )Y, es,
Solution:-

V- Calculate the sidereal time at local mid night

EA




L.S.T.atL.M.M.=G.S.T at G.M.M. - retardation

Yie Yo' =ch om

Retardation = ch * 9,Ae70=¢4,YAYeg

Total

om* Y TEY = « AYY g

:Oh)\ nVOS

L.S.T =G.S.T. - retardation

:/\h \-Lm \)OS.'O')‘S
=AhYem ), és

Calculate the sidereal time interval between the L.S.T at local mean mid night
and given sidereal time.
SI=LST.-LS.T.atL.M.M.

=Y+h ¢€Ym YAs-Ah Yem Y)Y, ¢s
=YYh YYm 1.71\s

Convert sidereal interval to mean time interval
Mean time interval = S.I - retardation

YYh* 4,AY4% = ¥m ¥1,Y0)g
YVYm* Y 1¥A= £,£YY g
1,08% 0,0 o YVY=4 v VYA
Total = ¥m ¢+,14s
Mean time interval = S.I. — retardation
=YYh YYm 1.\Vs -Ym ¢+,14g

=YYh Y¥m ¥o,4 s

Determination of the L.M.T. of the upper Transit of a known star if
G.S.T. of G.M.M. is known

The right ascension expressed in time of any star at its upper transit is equal to local
sidereal time.

€9




Example: - Calculate the L.M.T. of upper transit of a star at a place in longitude

AYe ¥+'W, whose R.A.is Y+h)Ym ¥+s. Given : G.S.T. of previous G.M.N. as %h
YemY.s.

Solution:-

- Calculate the local sidereal time at local mean time
L.S.T of L.M.N. =G.S.T. of G.M.N. =+ retardation or acceleration

Longitude =AY° Y+ "W=2oh Ym
Acceleration
oh *4 Aovog= £4,YAYog
Yeom*+,Y1¢Ys=Y,YAL
Total = eY,01%0g
LS. Tof LMN.=3hYmY:s+oY,07%0g
=9 ¥YYm ¥Y,eleg
Y- Calculate the sidereal time interval of L.M.N.
S.I.=L.S.T.-L.S.T. at L.M.N.
=YX'h Y mY's-9h ¥YYm YY,eeg
=Y hYimV,£i¥Yog
Y- Convert S.1. to mean interval
Mean time interval = S.I. — retardation
Yoh *4,AY4%5= A, YA g
YAm*+, ) IYA = 1, VAAY
V,ETYogk e, v e YVY=u, VYA
Total = Y+ ¢,19Yeg=Ym ¢¢,14Vg

Mean time interval = S.I. — retardation




=Y h¥imV,e¥r¥os-\m ££,714Vs
=\ h¥YYMmYY. V¥ies P .M.
Example: - What will be L.M.T. of upper and following lower transit at a place in

longitude Y1Y° Y+ o"W of a star whose R.A. is YYh YYm Y :sec if the G.S.T. of

previous G.M.N. is Y +h Y+m Yesec
Solution:-

Y- Calculate the local sidereal time at local mean time
L.S.T of L.M.N. =G.S.T. of G.M.N. + retardation or acceleration

Longitude =Y1Y° Y.V e"W=Y+he.m)es
Y +h *4,A0%0g= 9A,0% 05
oum*+,11£Y5=A,Y)
Yoky, v YV=u, 800
Total =) +1,AVs
LSTofLMN.=)Y+hY'mYoesec+)+1,AV1s
=V ¥Ym ),AYs
Y- Calculate the sidereal time interval of L.M.N.
S.I.=L.S.T.-L.S.T. at L.M.N.
=YYhYYymY¥+'sec-Y*hY¥YYm ),A¥s
=YYh Y9m YA,V¥s
¥- Convert S.1. to mean interval
Mean time interval = S.I. — retardation
YYh *4,AY41g
Yam* ., YA
YA Y 0,00 Yy
Total =YV¢,09)s

o)




Mean time interval = S.1. — retardation

=Y Yim YA, Ys -V Y ¢,049)g
=VYh ¥VYm Y¥,1¥Ys upper transit
YYh *9,AY4=Ym oV,q00g¢ec
=YYh-Ym oV,9¢0sec=YYheAm Y, ¢sec
=YYhoAm Y, ¢sec+VYh YYmM YY,1YYs =YYh Yom Yo,1VVg

=YYh Yom Y¥o,1VYV¥s-AYh=VYh Yem ¥¢,1VVs A M. following day

Determine of Time of Elongation of a circumpolar star.

Let S be position of the star at elongation
At elongation angle ZSP is a right angle
Applying the Napier’s sine rule

Sin(d+:°-H)=tan 8 *tan (+°-§)

CosH=tan 8 *cot ¢

L.S.T. =R.A.(of star) + Hour angle of a star

Example: - Find the L.S.T. of western elongation of polar is in the evening at a
place in latitude Y- °YY"Ve” given that the R.A. of the star is Yh ©Ym ) Ys and its

declination Ad°y ¢v”
Solution:-

Latitude of the place § = Y+°YY") o~

Declination of the star 6 =Ad°y"¢1”

CosH=tan 8 *cot ¢

oy




CosH=tan Y:°YY" Yo" * cot AdeY " ¢”

H= Ad°YVY’Y,0Y"=0h o¥Ym £A,Ys

L.S.T. =R.A.(of star) + Hour angle of a star
=YhoYm YYs+2h ¢Ym ¢A,¥s

=Yhem +,¥s

Example: - Find the L.S.T. at which (B) ursae minor is will of elongate on the

evening at a place in latitude ©:°Y "N given that the R.A. of the staris Y ¢h ¢+m ©Ys

and its declination Y¢°vY’

Solution:-

Latitude of the place 6 = ©+°¥+’

Declination of the star § =V¢°vY’
CosH=tan @ *cot §

Cos H=tan o:°Y+«"* cot V¢°YY’
H=V.:°4°Y+,3"=¢h ¢+m YV,Y45

L.S.T. =R.A.(of star) + Hour angle of a star
=VY¢howmoYs+¢h ¢+m YV, Vs
=V4h ¥Ym Y4, ¢s
Time of rising and setting of heavenly body
The spherical triangle PMN is right angle of N using Napier’s law
Cos p =cot MP Tan PN

<p= YA-H

oy




Hence -
CosH =tan 6 *tan 0

Knowing the declination of the star and the latitude of the place , its hour angle can
be known then

L.S.T. of rising of star = R.A. of the star + Hour angle

The L.S.T. of the rising of the star can be known and this be converted into L.M.T.

Length of Day and night

Length of day = twice hour angle in time = *(%)

\/\~—H
Vo

Length of the night = Y( )

The equation of hourangle

Cos H =-tan § *tan 8 can be used to determine the length at different place and
different times

V- Ata place at equator 6 =
CosH=+ > H=4:.°
Length of day or night :(%) =Y

Y- At the time of equinox the sun’s at equator §="+
Cos H=+ > H=4.°

Length of day or night =(%) =Y

Y- If6=%.--0
Cos H =-) & H= A+

Length of day :(V*\\—:') =Y ¢h The sun does not set

¢~ Ifo=-(%: -0)
CosH=) > H=+°
Length of day= +h the sun does not rise

The Duration of Twilight

The Twilight is the seduced light which separate night from day

o¢




To find the duration of twilight of particular place we must therefore find the time the
sun takes to alter its zenith distance from 9+ to YA+ in the evening from YA+ to 9+ in
the morning

Cos Y +A° =sin &sin 8+ cos 6cos gcos H’

H” hour angle of the end of twilight if H the hour angle of the sunset
We have

CosH=-tan § *tan 6

Hence the duration of twilight = H- H’

Determination of latitude

Knowledge of the latitude at different places on the surface of the earth , is very
necessary for the land surveyors and civil engineering

V- Latitude by meridian altitude of star
Y- Declination time of the star
Y- Meridian altitude of the star «

Case ):- star S) between horizontal and
equator

0=Z,-6,
Case ¥
0=Zx+8v
Case ¥
0=8¢-Zv
Case ¢

O=YA.° — (Zs+62)

00




Example: - The meridian altitude of a star was observed to be 1e°¢+"YA"on a
certain day the star lying between pole and zenith the distance declination of star was

oYY Y™ «” find the latitude of the place observation

Solution:-

True altitude

Correction of refraction r=2A" cot «
=o0A" cot 1eCe YA

=Y1,YY”

True altitude= 12°& " YA"-Y1,YY”

="00°Yq70),YA”

Z=3.:-10°7Y970) VA=Y oY 'A,YY”
0=46-Z

=Y AoOY"\ VA"

Example: - The meridian altitude of a star was observed to be 1¢°¥1Y+"on a
certain day the star lying between zenith and equator the distance declination of star
was Y1) YV find the latitude of the place observation

Solution:-
Correction of refraction r=°A" cot «

=oA" cot 1eoyUY 7

=YV,oY%”

o1




True altitude= 1£°Y1'Y " -YV,of”

="¢ovo’oy,sVv”

Z=2.+-1¢0Y0 0y, EY” =Yooy, o

0=56+Z

f=01°r1 VY, 0 "

oy




