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Preface to the First Edition

This volume is in continuation with volume [ and II, and deals with three chapters
of higher surveying — ‘Field Astronomy’, ‘Survey Adjustments and Theory of Errors’
and *Photogrammetric Surveying’. It covers fully the syllabi of Degree and A.M.LE. examinations
in higher surveying. The book has been written primarily as a college text to fill a need
for a simple but complete coverage of the principles of Field Astronomy and of Photogrammetry.
This book is also meant to assist the cxperienced surveyor who has not found time (o
follow the rapid changes in the techniques so noticeable in the surveying field

The subject is gradually introduced in stages. A large number of @ .agrams have been
given to illustrate the basic principles. Large number of solved and unsolv+ . - amples develop
{he reader’s ability to apply the basic concepts to practical problems. e book also deals
with the most modern equipment used in photogrammetric surveying. Metric System of units
has been used throughout the text and wherever possible, the various formulae used in
text have been derived in mertric units.

I shall Jike to express my thanks to M/S Wild Heerbrugg Ltd. and M/s Zeiss-Aerotopograph
who kindly furnished and gramted permission to use diagrams on which some illustration
in this book are based.

In spite of every care taken to check the pumerical work, some errors may remain,
and 1 shall be obliged for any intimation of these which readers may discover.

Jodhpur

Ist January, B.C. PUNMIA

1967

Preface to the Second Edition

In this edition, the subject-matter has been revised thoroughly and a few minor alterations
and additions have been made. On the suggestions of many readers of the book, the chapter
on ‘Survey Adjustments and Theory of Errors’ has been transferred o volume 2, since
this chapter is mostly taught along with Triangulation. Account has been taken throughout
of suggestions offered by the many users of the book, and grateful acknowledgement is
made to them. Further suggestions will be gready appreciated.

Jodhpur

15th July, 1971 B.C. PUNMIA
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Preface to the Fifteenth Edition

In Fifieenth Edition, the subject matter has been thoroughly revised, updated and
cearranced. In each chapter, many new articles haven been added. All the diagrams haye
bees redrawn using computer graphics and the book has been computer type-set in a bigger
former, keeping in pace with the modern trend. Two new chapters have been added a
the end of the book : Chapter 4 on ‘Remote Sensing’ and Chapter 5 on ‘Geographical
Irformation Sysiem (GIS)". Account -has been taken throughout of the suggestions offered
by many users of e book znd grateful acknowledgements is made to them. The authors
are thazkdful w0 Shri Mool Singh Gzhlot for the fine Laser rype setting done by him,
The Authors ere elso thankful Shri RK. Gupta, Managing Director Laxmi Publications,
for tzking keen imerect in publication of the book and bringing it out nicely and quickly.

{ﬁj‘ Tl B.C. PUNMIA
Manaveer ayanti &
22445 ASHOK K. JA

ARUN K. JAIN
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Field Astronomy

1.1. DEFINITIONS OF ASTRONOMICAL TERMS

1. The Celestial Sphere. The millions of stars that we see in the sky on a clear
cloudless night are all at varying distances from us. Sirce we are concerned with their
relative distances rather than their actual distance from the observer, it is exceedingly convenient
to picture the stars as distributed over the surface of an imaginary spherical sky having
its centre at the position of the observer. This imaginary sphere on which the stars appear
1o lie or to be studded is known as the Celestial Sphere. The radius of the celestial sphere
may be of any value — from a few thousand metres to a few thousand kilometres. Since
the 'stars are very distant from us, the centre of the earth may he taken as the cenmre
of the celestial sphere, .

2. The Zenith and Nadir. The Zenith (Z) is the point on the upper portion of
the celestial sphere marked by plumb line above the observer. It is thus the point on
the celestial sphere immediately above the observer’s station. The Nadir (Z') is the point
on the lower portion of the celestial sphere marked by the plumb line below the observer.
It is thus the point on the celestial sphere vertically below the observer's station.

3. The Celestial Horizon. (also called True or Rational horizon or geocentric horizon).
It is the great circle traced upon the celestial sphere by that plane which is perpendicular
to the Zenith-Nadir line, and which passes through the centre of the earth. (Grear circle
is a section of a sphere when the cutting plane passes through the centre of the sphere).

4. The Terrestrial Poles and Equator. The rerrestrial poles are the two points
in which the earth’s axis of rotation meets the earth’s sphere. The terrestrial equator is
the great circle of the earth, the plane of which is at right angles to the axis of rotation.
The two poles are equidistant from it

5. The Celestial Poles and Equator. If the earth's axis of rotation is produced
indefinitely, it will meet the celestial sphere in two points called the north and south celestial
poles (P and P’). The celestial equator is the great circle of the celestial sphere in which
it is intersected by the plane of terrestrial equator.

6. The Sensible Horizon. It is a circle in which a plane passing through the point
of observation and tangential to the earth’s surface (or perpendicular to the Zenith-Nadir
line) intersects with celestial sphere. The line of sight of an accurately levelled relescope
lies in this plane. '

n
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The latitude may also bhe definad as the angle between the zenith and the celestia] equalO(. .

. Jati f a place is the angular disgap. '
. olatitude (0. The Co-latiude o . Istance
the z:ml‘b:.t kdrc pole. It is the complement of the latitude and equal 1o (90°~eﬁ°m

. ).
13. The Longitude (¢). The longiude of a place is the angle betweey ,
g - menidian called the prime or first meridian and the meridian of - the plage
fm prime meridien eoiversally adopted is that of Greenwich. The longitude of any plac;

vees berween 0° o 180°, and is reckoned as ¢° east or west of Greenwich.
14. The Alitude (u). The elurude of celestial or heavenly body (i.e., the s
or a star) is its mngular distance zbove the horizon, measured on the vertical circle Passiny
15. The Co-altitude or Zenith Distance (z). It is the angular distance of hea\'enly

body from the zenith It is the complement of the altiude, ie, z=(90°-gq). .
' 16. The Azimuth (4). The azimuth of a heavenly body is the angle berweep
@e observer’s meridian aod the vertical circle passing through the body.
17. The Declination (8). The declination of a celestial body is angular distance
trom the plane of the eguator, measured along the star’s meridian generally called the
declimstion arcl, (Le., grear circle passing through the heavenly body and the celestial
poie). Declimztion varies from 0°10 90°, and is marked + or— according as the body
& north or south of the equator,
18. Co-declination or Polar Distance (p). It is the angular distance of the heavenly
body from the nearer pole; It is the complement - of the declination, i.e., p=90°-8.

19. Hour Circe. Hour circles are great circles passing through the north and south

¢eiesal poles. The declination circle of 2 heavenly body is thus its hour circle.

20. The Hour Angle. The hour angle of a heavenly- body is the angle between
the observer's meridian and the derlinstion circle passing through the body. The hour angl
£ sways measured westwards,

2).  The Right Ascension (R.A.). It is the equatorial angular distance measured
casmward from the First Poim of Aries to the hour circle through the heavenly body.
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1.3 nich the north declinztion of the

1.3) at wd
<un is maximum is calied the surmer salastif:e.
while the point C' 2t which south declination
of the sun is maximum is known as the winter
solastice. The case is just the reverse in-the
southern hemisphere.
35, North, South, East and Waest Directions. The north and south points correspong |
(o the projection of the porth and south poles on the horizon. The meridian line is the |
line in which the observer's meridian plane meets horizon plane, and the north and sopt
points are the poinis cn the extremities of it. The direction ZP (in plan on the plane
of horizon) is the direction of north, while the direction PZ is the direction of south
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FIG. 1.3. THE ECLIPTIC. ; ,

The " easi-wes
and west poims are the extremities of it. Since the meridian plane is perpendicular 1o

both the equaorial plane as well as horizontal plane, the intersections of the equator and
horizon determine the east and west points (see Fig. 1.1).
1.2. CO-ORDINATE SYSTEMS 7 ;

The position of 2 heavenly body can be specified by two spherical co-ordinates, ie,
by two angular distances measured along arcs of two great circles which cut each other
at right angles. One of the preat circle is kmown as «the primary circle of the referenct.
and the other as the secondary circle of reference. Thus in Fig. 1.4, the position of the
point M can be specified with reference 1o the plane OAB and the line OA, O being.
the origin of the co-ordinates. If a plane is passed through OM and perpendicular (© the
plane of OAB, it will cut the laner in the line '‘OB. The two spherical co-ordinates of
the poimt M are, therefore, angles AOB and BOM at the centre O, or the arcs AB anf

o Line is the line in which the prime vertical meets the horizon, and eas|
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M. In praciical astronomy, the position of
a cclestinl body can be specified by the following
gystems of co-ordinates

1. The horizon system

5. The independent equatorial system

3. The dependent equatorial system

4. The celestial latitude and langitude system,.

The horizon system is dependent on the
osition of the observer. The independent equa-
(orial system is indcpendent of the position
of the observer and the positions apply to
observers anywhere on the earth. In the de-
pendent equatorial system, one of the great
circle of tcfel.'ence is independent of ‘the position of the chserver while the other great
circle perpendicular to the former is dependent on the position of the observer. There is
yet another .systcm _of co-ordinates, known as the celestial system, in which the position
of a body is specified by the celestial latitude and the celestial longitude

1. THE' HORIZON SYSTEM (ALTITUDE AND AZIMUTH SYSTEM)

In the horizon system, the horizon is the plane of reference and the co-ordinates
of a heavenly body are (i) the azimuth and (if) the altitude. This system 13 pecessitated
by the fact that we can measure only horizontal and vertical angles with the engincer’s
wansit. The two great circles of reference are the horizen and the observer’s m.r:rid:an
the former being the primary circle and the lamer the secondary circle ‘

In. Fig. 1.5, M is the heavenly body in the Eastern part of the celestial sphere,
Z is the observer’s zenith and P is the celestial pole. Pass a vertical circle (12, a greal
circle through Z) through M to intersect tlie horizon plare at M'. The first co-ordinate of
M is, then, the azimuth (A) which is the angle berween the observer’s meridian and the
vertical circle through the body. The azimuth can either be measured as the angular distance
along the horizon, measured from the me- Onseners
ridian to the foot of the vertical circle meridian
through the point. It is also equal to the
angle at the zenith between the meridian
and the vertical circle through M. The
other co-ordinate of M is the altitude ()
which is the angular distance measured
above (or.below) the horizon, measured
on the vertical circle through the body.
Similarly, Fig. 1.6 shows the position (M) _|. N il
of the body in the Western part of the B ' s
celestial sphere. It should be noted that, ;\—y -
in the Northern hemisphere, the azimuth Horizen =+ M
is always measured from the north either

eastw, : FIG. 1.5 BODY IN THE EASTERN PART OF THE
ard, or westward, depending upon CELESTIAL SPHERE
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..‘;;.r'::'rcr and aziruch. The .‘Ef‘u(h distance
of anv hody is its angular dls:.an:c lfrom
it messured along the vertical circle.
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;Ts ;hc complement of the alurude, 1.6,
zenith distance (2) =90 ° - a.

The hariron systema of co-ordinates

wpo consant and repid changes dee FIG.

16. BODY IN THE WESTERN PART OF fyp
CELESTIAL SPHERE.

unde
n  the ur nIons. *
) ’L § %ETAI{\;E;‘PE!\'DE\T EQUATORIAL SYSTEM (THE DECLINATION AND

- RIGHT ASCENSION SYSTEM)

This svstem is used in the publication of star catalogues,' almanacs._ or epbe{neridq
in which the position of heavenly bodies are referre.d to spherical co-ordinates whicp are
independems of (he observer’s position. The two great circles of reference are (9) the equatorjy
circle and (i the declination circle, the former being the primary cflrcle a.md the laner
::;- secondsry circle of reference. For fixed stars, this system of co-ordinates is independen

of the ;\isc:: of observation, and pearly independent of the time. G

The first co-crdinate of the body (M) is the right ascension, ‘which is the angular
distznce zlong the erc of the celestial equator measured from the first point of Aries (1)
as the poim of reference towards East up to the declination circle passing through the
body. It is 2lso the angle, measured eastward at the celestial pole, between the hour circle
through (Y) end the declination circle through
M. Tne motion of the star is from East
1o West, and hence the Right Ascension
Is measured in a direction opposite to the
moton of the heaverly body. It may be
mezasured in degrees, minutes and seconds
of arc or in hours, minutes znd seconds
of ume Thus i Fig. 1.7, YP is the hour
circle tirough ¥, M'MP is the hour circle
(or the declinztion circle) of M, and YA
1 the RA. measured along the arc of the
eyuator

The other co-ordinate in this system
i the dezlination (8). It is the distance
of the body from the equator measured
along the arc of the declination circle. The

Observer's Zz

Equatorial plane

FIG. 1.7. THE DECLINATION-RIGHT ASCENSiON
SYSTEM,

- angle is the angluar distance along the >

FIELD ASTRONOMY ;

_ The polar _#iﬂanﬂ' 07)_ is the complement of the declination, ie., p=(90°-35). In
Fig. 1.7. M'M is the positive declination of the body (M).

The values of declination and right ascension of a fixed star in the heaven, although
pearly constant, .arc not absolutely so. A register of these co-ordinates, together with their
aonual change (if any be found) will epable 1o identify a star once observed. Such a
register is called a catalogue of stars and its correctness is of highest importance. The
variation of the declination and right ascension of the sun is very much greater than for
the stars.

3, THE DEPENDENT EQUATORIAL SYSTEM (THE DECLINATION AND HOUR
ANGLE SYSTEM)

In this system, one co-ordinate

is dependent of the observer's position T cormr”
and the other co-ordinate is independent P H T

of the observer’s position. The two great
circles of reference are (i) the horizon
and (fi) the declination circle through
the celestial body, the former being the
primary circle and the latter the secondary g .=
circle of reference. e
In this system, the first co-ordinate R 3
of M (Fig. 1.8) is the hour angle. Hour NkZ = ---. R oLl

arc of the horizon measured from the ’
observer’s meridian to the declination W
circle passing through the body. It is B

also measured as the angle, subtended
at the pole, between the observer's me- FIG- 1.8. THE DECLINATION-HOUR ANGLE SYSTEM.
’
Weslwards/'

Observers H
meridian
s z |p

W

N S

: H

Westwards
M Declination M

circle

W E Declination

circla
(a) (b)

FIG. 1.9. PLAN ON THE PLANE OF THE EQUATOR.
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varies from O;Oeiim :\emisphere. Fig. 1.9 shows the plan on the plane of the
otherwise I 3¢
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. estward for two positions of the o '
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the second system. Thus, in Fig, g

e s the declination, s in : ' o
The other cc—ordlmw' Evm\{ is the declination of the celcsll‘al body (M), M’ and u, being
is the hour angle, and ..‘.mc horizon and equator respectively.

. m}&mmchcélf.s?rm, LATITUDE AND LONGITUDE SYSTEM
s TH ~

inates i , plane of reference is the .

In this sysem of the co—'ordmat:b.l ?:-c l;em;:s‘)mgp rough the First Poiot o?ch
The second plane of reference is 2 Sfc"‘r - |
and perpendicular © the plane of the
eclipdc. The w0 ccordimr;s of E c_;
Jescial body are (i) the celestial latiude
and (i) the celestal longitude.

The celestial lositude of a_body
is the arc of great circle perpendicular
to the ecliptic, intercepted berween the
body and the eclipgc. It is positive
or negative depending upon wh?th‘ﬂ
masa;edmnhorsm:hofth:echpu?.
The celestia! longiude of 2 body 15
the arc of 2 ecliptic intercepted betwesn
the great circle passing through the First
Poi;I of Aries zrd the circle of the
celestial larimde passing through the
bodv. It is measured eastwards from
0° I'O 360 . Thus, in Fig. 1.10,
MM is the celestial latimde (porth) 20 FIG. 1.10. THE CELESTIAL LATITUDE -AND LONGITUDE.
M, is the celestial longimde for the .
heavenly body (M). .

Comparison of the Systems. As stated earlier, the azimuth and altitude of a star
are not constant but are continuously changing due to diurnal motion. "‘On the other hand,
the right ascension and declination of a star are constant, because the reference point, the

Ptic,
Afieg

N-Pole cf ecliptiri

Equator

First Point of Aries, parakes of the diurnal motion of the stars. However, there is no |

instrument which can measure right ascension and declination of the star directly. The azimuth
and the 2ltinide of a star can be directly measured with the help of a theodolite. Knowing
the hour 2ngle and the azimuth of a star, its right ascension and declination can be computed
from the solution of the astronomical triangle provided the instant of time at which' the
body was in & cerzin position (i.e., the hour angle) is also determined. Thus, both the

systems are necessary — the first one for the direct field observations and the second .

one for the computations required in respect of the preparation of the star catalogues.

FIELD ASTRONOMY

1.3. THE TERRESTRIAL LATITUDE AND LONGITUDE

We m:::d d'sc“ss‘:d the various systems of co-ordinates to esblish the position of
a heavenly y on the celestial sphere. In order to mark the position of a point on

the ecarth’s surface, it is pecessary to use a system of co-Ordinates. The terrestrial latirudes
and longitudes are used for this purpose, .

The terrestrial meridian is any grear
circle whose plane passes through the axis
of the earth (i.e., through the north and
south poles). Terrestrial equator is the great
circle whose plane is perpendicular to the
earth’'s axis. The latitude © of a place is
the angle subtended at the centre of the
earth north by the arc of meridian intercepted,
berween the place and the equator, The latitude
is north or positive when measured above
the equator, and is south or negative when
measured below the equator. The latiude
of a point upon the equator is thus
0°, while at the North and South Poles,
it is 90 °N and 90 ° S latirude respectively.
The co-latitude is the complement of the
latimade, and is the distance between the point
and pole measured along the meridian.

The longitude () of a place is the ' a
angle made by its meridian plane with some FIG. 1.1l. THE TERRESTRIAL LATITUDE AND
fixed meridian plane arbitrarily chosen, and LONGITUDE:
is measured by the aic of equator intercepted between these two meridians. The prime
meridian universally adopted is that of Greenwich. The longitude of any place varies berween

Standard

0°10 180 °, and is reckoned as ¢ ° east or west of Greenwich. All the points on meridian

have the same longitude.
The Parallel of Latitude

The parallel of latitude through a point is a small circle in which a plane through
that point, and at right angles to the earth’s axis, intersects the earth’s surface. All the
points on the parallel of latitude have the same latitude. The meridians are great circles
of the same diameter while the parallel of a latitude are small circles, and are of different
diameters depending upon the latiude of the place through which the parallel of the latirude
is drawn. Due to this reason a degree of longitude has got different values at different
latimdes — higher the latitude smaller the valve. At the equator, a degree of longinde
is equivalent to a distance of about 69 miles. However, a degree of latitude has the constant
value of 69 miles everywhere.

To find the distance between two points A and € on a paralle! of lauwde, consider
Fig. 1.11 in which 0 = latiude of A = latiude of C, ¢ = longinude of A, and ¢ = longiwde
of C. The angular radius PA of the parallel of latiude =90°-8.
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AC _OA yere O is the centre of the parallel of latituge
‘\0“’ are .4]Cl N 04!
since 04, =04 = radivs of the earth

= sin O'0O4, since ZAO'O =90°

AC=A;C| sin (90 o_e) = COS 6. AICI
AC = cos latitade X difference of longitude,
shortest distance measured along the surface of the ecarth between two places
i ! ni‘of thc arc of the great circle joining lhf:m. T_bc distance between two Poingg
i ‘::utic:j miles measured along the parallel of latitude is called the departure,
in 2 2

Thus. departure = difference in lfngirude in minutes x cos latitude.

The Zones of the Earth ‘

The ecarth has been divided info cerain P
zones depeading upon the parallel of latimde of
certain value above and below the equator. The
parallel of latitude 23° 27%’ north of equator is
known as the tropic of cancer. The parallel of
latinade 23° 27} south of equator is known as
the tropic of capricorn. The belt or zone of
carth between these two tropics is known as the
torrid zone. The parzlle] of latirude 66 ° 323’ north
of equator is called the araic circle, and of
a similar velue, South of equator is called the

Troplic of capricom
anarctic circle. The belt between the tropic of
cancer and the arctic circle is known as the north
temperate zone while the belt between the tropic
of capricorn and the amarctic circle is known P
as the sowh temperate zone. The belt between  FIG. 1.12. THE ZONES OF THE EARTH.
the arctic circle and the porth pole is called the )
north frigid zome and the belt between the anarctic circle and the south pole is called
the south frigid zone. ‘ ‘
The Nautical Mile. A nautical mile is equal to the distance on arc of the great
circle corresponding 1o angle of | minute subtended by the arc at the centre of the earth.
Taking radius of earth = 6370 kilometres, we have

One pautical mile = Circumference of the great circle. _ 2n x 6370
360 ° x 60 360 x 60
1.4. SPHERICAL TRIGONOMETRY AND SPHERICAL TRIANGLE

Sim_:c in the astrogomi:al survey many of the quantities involved are the parts of
the celestial sphere, a simple knowledge of spherical trigonometry is essential,

or
The

Troplc of cancer

. Equator

= 1.852 km,

“are the three arcs of great circles and intersect

FIFLD ASTRONOMY

spherkﬂl Triangle

A spherical triangle is that triangle which
is formed upon the surface of the the sphere
by intersection of three arcs of great circles and
the angles formed by the arcs at the vertices
of the triangle are called the spherical angles
of the triangle.

Thus, in Fig. 1.13. AB, BC and c4
each other at A, B and C. It is usual to denote
the angles by A, B and C and the sides respectively
opposite to them, as a, b and c. The sides
of spherical triangle are proportional to the angle
subtended by them at the centre of the Sphere
and are, therefore, expressed in angular measure. FIG. 1.13. SPHERICAL TRIANGLE.

Thus, by sin b we mean the sine of the angle

subtended at the centre by the arc AC. A spherical angle is an angle between two great
circles, and is defined by the plane angle berween the tngents to the circles at their
point of intersection. Thus, the spherical angle at A is measured by the plane angle
AAA, between the tangents A4, and Ad, to the great circles AB and AC.

Properties of a spherical triangle

The following are the properties of a spherical triangle :

1. Any angle is- less than two right angles or =.

2. The sum of the three angles is less than six right angles or 3z and greater
than two right angles or =. . '

3. The sum of any two sides is greater than the third.

4. If the sum of any two sides is equal to two right angles or =, the sum of
the angles opposite them is equal to two right angles or .

5. The smaller angle is opposite the smaller side, and vice versa.

Formulae in Spherical Trigonometry

The six quantities involved in a spherical triangle are three angles A, B and C and
the three sides a, b and c. Out of these, if three quantities are known, the other three
can very easily be computed by the use of the following formulae in spherical trigonometry:
sina sinbd sinc

N - (11
sindA sinB sinC (a.n
cos a — cos b cos ¢

1. Sine formula :

2. Cosine formula : cos A = - - (1.D)
sin b sin ¢

or cos @ = cos b cos ¢ + sin b sin ¢ cos A ..[1.2 (a)}

Also, cos A =—-cos Beos C+ sin Bsin Ccos a ~-(1.3)

3. For computation purposes :
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in (s - b) sin (8 — )
sin b sin €

sin § §in (5 ~ a)
sinbsin¢ . —

in (s - b)sinG=©) :
sin s sin (s * @) | g

|

"

g
(S N SN
n 1

g

w”m
B

..,(1_5)

g

s=Ha+b+0
where :
4. Similarly, — cos Scos (§—=4)

= sin B sin C . s

cos (§-B)cos (5= A

sin B sin C
_cos Scos (S—4)

@ 3= Nos (- B) cos (5~ ) w49

|

(LY

\

i

where

5. e+ =— @3¢ (LG

m%(a-b)z_'.———A—tan-z-C - -..(l.ll)

6 tan 34 + B)=— wtz C 7 _ (L1

tan%(A—B)=—‘—C°‘ C -n(l.l})

THE SOLUTION OF RIGHT-ANGLED SPHERICAL TRIANGLE

The relationships of right-angled spherical triangle are very conveniently obtained from
‘Napier's rules of circular pans’.

In [Fig. 1.14 (a)], ABC is a spherical triangle right-angled at C. Napier defines
the circular pans as follows : ‘

() the side a to one side of the right-angle,

(i) the side b to the other side of the right-angle,

(i) the complement (90 ° - A) of the angle A4,

(tv) the complement (90 °-c) of the side c,
and  (v) the complement (90 ° - B) of the angle B.

These five parts are supposed to be arranged i o i
in which they stand in the triangle. Thus, stafting “\):i'll: :h:"s(;:fe [;Ig'w:.ﬁw(cb,)] i,-:no(:ti:

(b)
FIG. 1.14. NAPIER'S RULES OF CIRCULAR PARTS

b, 90° — A4, 9.0°—c and_ 90° — B. Then, if any part is considered as the ‘middle part’ the
two parts adjacent to it as ‘adjacent parts’, and the remaining two as ‘opposite parts’,
we have the following rules by Napier :

sine of middle part=product of tangents of the adjacent parts D
and sine of middle part=product of cosines of opposite parts (i)
Thus, sin b =1tan a tan (90° — 4)
and sin b = cos (90° - B) cos (90° - ¢)

By choosing different parts in turn as the middle parts, we can obtain all the possible
relationships between the sides and angles.

THE SPHERICAL EXCESS

The spherical excess of a spherical triangle is the value by which the sum of three
angles of the triangle exceeds 180°. .

Thus, spherical excess E=(A+ B+ C- 180° (114
Also, tan’%E:tnn-;—s(an%(s-a)mn-lf(s-b)mn%(s -c) (115

In geodetic work the spherical triangles on the earth's surface are comparatively small
and the spherical excess seldom exceeds more than a few seconds of arc. The spherical
excess, in such case, can be expressed by the approximate formula

. 'E=F£;—F secv.ands .:.{1.15 (a)]
where R is the radius of the earth and A is the area of triangle expressed in the same
linear units as R. ,

In order to prove the above expression for the spherical excess, let us consider the
spherical triangle ABC [Fig. 1.14 (c)] which is formed by three great circles. These three
great circles divide the whole sphere it eight divisions—the four in one hemisphere being
similar to the other four in the other hemisphere because of symmertry.

Let A=area ABC | Ay = area ACD
Ay = area CDE Ay = arca BCE

.
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§ = areaof whole sphere= 4% R';
R = radiusof sphere
A. B, C=angles of _lhe sph
xS

erical triangle

B
Evidently, (8480 =355

A
-4 _xS5
A+A; 3600

+ A g—CL—KS
and A 2 360°
Adding the three, we get
A+BEC o )
L R R

Also, A+A+A+ 4= are of hemisphere,

-3 (2)
2 FIG. 114 (0 COMPUTATION OF Spygp
Submacting (2) from (1), we get . EXCESS. CAL
s A+B+C __5 B+ C— 180°
2A+E=Wxs or 24 360°(A+' C - 180°)
S o
= E, from Equation 1.14
or 24 360 °© X q
) A T20°4A° _tene. A
which gives E:(Z x360°)-§= 4nRz ; or E=180 = Rz degrees .[1.15 (b)]
oA : . ,
= ——— seconds ..[1.15 ‘
or Risin 1" (@)

Area of sperical triangle :
The area of spherical triangle may be obtained from the formula
nR*(A+B+C-180°) xR'E :
180° = 180° -.(L16)
1.5. THE ASTRONOMICAL TRIANGLE (Fig. 1.15)
An astronomical triangle is obtained by joining the pole; zenith and any star M on

the sphere by arcs of great circles. From this triangle, the relation existing amongst the
spherical co-ordinates may be obizined.

Let c =altimde of the celestial body (M)
& = declination of the celestial body (M)
- 6 =latitude of the, observer.
Then ZP = co-latitude of the observer = 90° — 0 = ¢ .
PM = co-declination or the polar distance of M = 90° -8 =p
ZM = zenith distance = co-altitude of the body= (90° - «) = z

Area A=

FELD ASTRONOMY
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The angle at Z=MZP= the
azimuth (4) of the body

. The angle at P=ZPM = the
hour angle (H) of the body
The angle at M =ZMP= the
parallactic angle '

If the three sides (i.e. MZ
Zp and PM) of the astronomical tri-
angle are known, the angles A4 and
H can be computed from the formulae
of spherical (rigonometry. )
Thus, from Eq. 1.2, we have

sin &

cos A=y cosg  2na.tnb
117 (@) FIG. 1.15. THE
. LIS ASTRONOMICAL TRIANGLE.
Also,
A. sin(.r-—ﬂlr{)sin(s-ZP)
tan & =
2 ‘\, sin s . sin (5 = PM) +A117)
4 sin (s - 2) sin (s - ¢)
YT (117 (3]
. i_Vsin(s—z)sin(s-c)
sin 2= : prog 117 (0)
d_-\/sins.sin(s—p) .
s = sin z sin ¢ 117 (@)
where . ' s=%(ZM+ZP'+PM)=-%(z+c+p)
_ sin
Similarly, msﬂ-m-matane ...[1.18'(0)]
ﬂ_-Jsin(s-ZP)sin(s-PM)_ sin (5 - ¢) sin (s - p)
Also, - 2 sin 5. sin (s - ZM) sin 5 . sin (s - 2) -(1.18)
's'm£=\/m G_9sinGs—p) (118 (5)
2 sin ¢ . sin p
_}!_A\,sins.sin(s—z)
cos 2 = —sinc.sinp .:.[1.18 (0)]

STAR AT ELONGATION
A star is said to be at elongation when it is at its greatest distance east or west
of the meridian. In this position, the azimuth of the star is a maximum, and its diurnal
circle is tangent to the vertical through the star. The triangle is thus right-angled at M.
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. {ongation when it is at its greatest di
at eastern €07 , '
b:nd at western elongation, wh listance

The star is said 10
116 (a) and (b) sBO¥

f the mcridia.n, ]
:a;t oof the meridian. Fig.

N
star as seen from

E
(a) Apparent pathof &

outside the celestial sphere

(@

FIG. 1.16. STAR AT ELON(.MTION.

"] ) ‘

If the declination (§) and the latitude of the place of observation is known, th
azimuth (4), hour angle (H) and the altitude (a) of the body_ can be . calculated from.eg
Napier’s rule [Fig. 1.16 () and (d)). The five parts taken in order are, the two sids

(90° - @), (90°-8) and the complements of the rest of the three parts, ie.

(90° - H), [90° - (90° - 8)] = © and (90° - 4). '
Thus, sine of middle part = product of tangents of adjacent parts.

tan 6 119
sin (90° - H)=tan(90° - §)tan 6 or _cosH=-(—an—5-=un9.colB |
! . sin®@ |
Similarly, sin 6 = cos (90° - §) . cos (90° -~ ) or sina " sin § . cosec & ...(1.20)
(120

N cos &
and sin (90° - 8)=cos (90°-A)cos 6 or smA=;6;—é—=cosﬁ.scc9

. . © g !
n it is at its greatest dmamc"’me |
the star M at s eastern elcmgaliunl‘

and cos H=-tand tan 9

FTELD ASTRONOMY ,

: _ STAR AT PRIME VERTICAL
When the star is on the

: Prime vertical of the obs i i
... itanded & o observer, the astronomical triangle

r4 ¢ Meridian P

A =90° A H

¥ — Prime vertical

=

(a) ' )
FIG. 1.17. STAR AT PRIME VERTICAL.

If the declination (8) and the latitute (0) of the place of observation are known,
the altiude (a) and the hour angle (H) can be calculated by Napier’s rule, The five parts
taken in order are : the two sides (90°-0) and (90° - @), and the complements of the
rest of the three parts, ie., (90°- M), 90°~(90°-5)=5 and (90° - H). '

Now sine of middle part = product of cosine of opposite parts.

sin 6 = cos (907 - 0) cos (90° - «) = sin 0 sin « sina = ﬁ = sin & cosec 0 ...(1.22)
And sin (90° - H)=tan(90° - 0)tan 8 or cos H: :::g =tan § cot O . (1.23)

STAR AT HORIZON

If a star (M) is at horizon, i altitude will be zero and the zenith distance will
be equal 10 90°. :

If the latitude © and the declination & are known, the azimuth A and the hour angle
H can be calculated by putting a= zero in equations 1.17 a and 1.18 a.

8
cosA=sm

Thuss, cos 6

=sin & sec O .(1.24) .
...(1.25)
STAR AT CULMINATION

A star is said to culminate or transit when it crosses the observer’s meridian. Each

star crosses a meridian twice in its one revolution around the pole —the two culminations
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od as the upper .cu]ml‘
pation and the lower culminan'on.ﬁ 0/:
car is to he at its upper culmina

maxirnom, and al
aldtude is

being designat

when its alatde is i
lower culmination when its
pruimi T

Thus, in Fig. 1.18, lhc's?ar M
culminates O transits the meridian &t
A and B. A being B point of upper

culmination and B the point of lower g

culmination.
imilarly, the
or:nmsis the mendian at 4, md'B,. ‘A,
being the point of upper cﬂgmyoa
and B, the point of lower culmination.
The upper culmination (A)_of
the smr M occurs at the north side
of the zenith, (i.e., towerds the pole)
while the upper culminaton (4

star M, culmimlcs

Now, st the upper culmination (A)

) of the star M, occ

HIGHER SyRyy,
Mg

|
|
i
|

Equator

FIG. 1.18. STAR AT CULMINATION.

urs at the south side of zenit,
of the star M, its zenith distance ?

- 74 =ZP- AP =(%0°-8)-(90°-8)=(6-8) iy

Similarly,

From (1) znd (2), it follows that:

(f) The upper culmination of 2 star
occurs to the morth side of the zenith
when the declinarion of the siar is greaer
than the latitude of the place of observation.

(if) The upper culmination of a star
occur to the south side of the zenith When
the declination of the siar is lesser than
the latitude of the place of observation.

CIRCUMPOLAR STARS

Circumpolar stars are those which
are glways zbove the horizon, and which
do not, therefore, set. Such a ster appears
10 the observer o describe a circle above
the pole.

Thus, in Fig. 1.19, M, is a cir-
cumpolar star having its path A4 A, which
s alwzys above the borizon. In order
that the circumpolar star does not set,

4

B, Z

FIG. 1.19. CIRCUMPOLAR STARS.

ot the upper culmination (4 of the star M,, the zemith distance
—ZA, = PA, - PZ = (90° - 8) - (90° - 0) = (6 - &) wld)

Ay

Equator

of the Pole and Latitude of the Observer,
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distance above the pole (ie., PA)) should be less than the distance of the pole friom the
horizon.

Hence PA| < PH or (90° - ) < 0 since PH =6

Hence the declination of a circum
of the. place of observation.

Similarly, M, is a circumpolar star having its path B,B, which is always below the
norizon and, therefore, never rises.
1.6. RELATIONSHIPS BETWEEN CO-ORDINATES

1. The Relation between Altitude

or §5>(90° -9)
polar star is always preater than the co-latitude

In Fig. 1.20. H-H is the horizon
plane ‘'and E-E is the equatorial plane.
O is the centre of the earth. ZO is per-
pendicular to HH while OP is perpendicular
to EE.

Now latitude o( place =6 = ZEOZ

And altitude of pole=a=ZHOP
ZLEOP =90° = L EOZ + £ ZOP

=0+ ZZOP . ()]
ZLHOZ = 90° = ZHOP + £POZ
=o+ LPOZ ...(fN) Equater
Equating the two, we get FIG. 120

0+ ZZOP=a+/ZPOZ or 6=a

Hence the altitude of the pole is always equal to the latitude of the observer.

2. The Relation between Latitude of Observer and the Declination and Altitude
of a Point on the Meridian.

For star M,, EM, = § = declination.
SM, = a = meridian altitude of star.
M\Z = z = meridian zenith distance of star.
EZ =6 = latitude of the observer.
Evidently, EZ=EM, +MZ i
or 8 =8+z ..
The above equation covers all cases.
If the star is below the equator, negative
sign should be given to & . If the star
is to the north of zenith, negative sign should
be given to z.

If the star is north of the zenith but
above the pole, as at M,, we have
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of the equator, M i
@ar and ZSPM is 1B
Y is the position

20
P= ZAW: + AI] P ) i )
Ze) (90.,' a) 4 p, where p = polar distance = M, P
(90° - 0) = -
: A (Y
or - Bmais 1;0”}‘ of the zenith but below the pole, as at M, v, .
Similarly, if the § |
ZM, = ZP + PM) : . e |
. 90 ; (¢0° - 8) + 7. where p = polar distance s |
(90° - a) =
. ‘ i . -{3)
or .9 =af:m’; the basis for the usual observation for latitude. '
e relauons 1 ) gyt |
:be‘l':l:o‘l;dation between Right Ascension and Ho m gl |
F.ig 1.22 shows the plag of the stellar ) |
: L ‘
|

sphere on the plane
the pesiticn of the s
westerly hour angle. Hy .
of the First Point of Aries and angl'e
SPY is its westerly hour angle. Al.fPM is
the right ascension of the Star. Evidently,

Z
have . )
- Hourangle of Equinox = H.ourang e
of star +RA. of star.

Example 1.1. Find the difference of

longitude between two places A and B from
their following longitudes :

we

b

Equatonial plane

(1) Longitude of A=40° W e
Longitude of B=73"W

(2) Long. of A=2°PE }
Long. of B=15C°E ‘ : .

(3) - Lonpitude of A=20°W ~ (4) Long. of A=40P E

Longitude of B =50 W

Solution. .

(1) The difference of longitude between A and B =73° - 40°= 33°

(2) The difference of longitude between A and B = 150° — 20°= 130°

(3) The difference of longitude between A and B = 20° - (- 50°) = 70° {

(4) The difference of longitude between A and B =40° - (- 150°) = 190°

‘Since it is greater than 180°, it represents the obtuse angular difference. The 2%
angular difference of longitude between A and B, therefore, is equal to 360° - 190° = 170°

Example 1.2. Calculate the distance in kilometers between two points A and B "J”"“.
the parallel of latitude, given that i

() Lat of A, 26°42'N; longitude of A, 31°12'W
Lat. of B, 28°42'N; longitude of B, 47 24'W .

Long. of B=150° W ;

FIELD ASTRONOMY "
(2) Lat..of A, 12°36'S: longitude of A, 115° 6'w
Lat. of B. 12°36°S: longitude of B. 1500 245

Solution. )
The distance in nautical miles between A

. : ! ' and B along the parallel of latitude = difference
of longitude in minutes x cos latitude.

(1) Difference of longitude between A and B = 47° 24' _ 312 12" = 160 12 972 mirtes
Distance = 972 cos 28° 42’ = g5 .72 nautical miles
‘ - =851.72 x 1.852 = 1577.34 km.
(2) Difference of longitude between 4 and B
=360° - {115°6' - (- 150°24") } = 94° 30'= 5670 min.
Distance = 5670 cos 12° 36" = 5533.45 nautical miles
=5533.45 x 1.852 = 10,247.2 km.

Example 1.3. Find the shortest distance between two places A and B, given that
the longitudes of A and B are 15°0'N and 1226’ N and their longitudes are
50° 12°E and 54° O'E respectively. Find -also the direction of B on the great circle route.

Radius of earth= 6370 km.

Solution.

In Fig. 1.23, the positions of A and
B have been shown. '

In ‘the spherical triangle ABP, :
b =AP = 90° - latitude of 4 = 90° - 15° ¢ = 75°

a=BP=90°- latitude of B
=90° - 12° 6" = 77° 54
P= £ A P B = difference of longitude
=54° 0’ - 50° 12’ = 3° 48",

The shortest distance between two points
is the distance along the great circle passing
through the two points.

- Knowing the two sides one angle, the
third side AB ( = p) can be easily computed by
the cosine rule.
€os p—cosacos b

sin a sin b
or €os p = cos P sin a sin b+ cos a cos b

= cos 3° 48’ sin 77° 54' sin 75° + cos 77° 54’ cos 75° = 0.94236 + 0.05425= 0.99661
p=AB=4°49' =4°7

FIG.

1.23.
Thus cos P=

6370 x 4°7 x n

Now,
180°

arc =~ radius.x central angle = = 522.54 km.

Hence distance AB = 522.54 km.
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. . B : 5 y
n”c;x:ﬁ?f :f T';fbm B is the angle B, and the direction of B from 4 thy |
The direction X !
angle A. tangent semi-sum and semi-difference formy
&

;aAmdBcanbefounth‘hc

o 13)
(Egs. 1.12 and 1.13).
. . cos’;—(ﬂ'b) IP
i@+ B == 2 ‘
Thus 2 cos 3 (a+ )
i L@-b)
sin 5 (@ 1 .
m%(A—B)=—T"“°°‘=P . '
and 2 sin 3 (@ + )
ap THIE TS gy
Here 2 : L
054 +75° 152°54'% ., P _3°4%
L R B Ty i
6051927' o "
wiusD=gem o
A+B oA o T
From which, —'2"':89 35 _ =)
1 _sin P27 ) qo 54
and m-i(A-B)—sin76°27'co .
A-B cor \
From which, T=38 6 - - dt)

Direction of B from 4 =angle A =89°35" + 38° 6 = 127°41' = SSZ’;’ 19'E

Direction of A from B=angle B=89° 35' - 38°6' =51°29 =N51°29'W.

Example 1.4. Al a poini A in latinude 45° N, a siraight-line is ranged out whict

runs due east ar A. This straight liné is proldnged for 300 nautical miles to B. Find|
the laiude of B, and if it be desired 1o travel due north from B so as 1o mee th
45¢ parallel again @ C, find the ABC at which we must set out, and the distance BCi

Solution

FIG. 124,

FIELD ASTRONOMY
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In Fig. 1.24, AB is straight line i i i i
) ; ! ! portion of a great circle ; since its length is 300
nautical mllcs.. it suhu.:nds 300 minutes (= 5%) at the centre of the earth. AP is (hit meridian
through A. Since AB is due east of the meridian, ZPAB = 90°. Similarly, BP is the meridian
through B, and meets the parallel to latitude through A (45° N) in C. PAB is, therefore

an astronomical triangle in which

side PA =b =co-latitude of A=90°-45°=45> side AB=p=5" LA =90
The side i.’B =a can be calculated by Napier’s rule. Thus, sine of middle part
= product of cosinés of opposite parts. .
sin (90° = a) = cos b cos p or  cos a = cos 45° cos 5°
log cos 45° = 1.8494850
log cos 5° = 1.9983442

log cos a= 1.8478292
a= PB =45°13"108
. BC = PB - PC = 45° 13".108 - 45° = 13"-108
Hence distance BC =13.108 nautical miles = 13.108 x 1.852 = 24.275 km.
The angle at B can be found by the application of the sine formula,
' sin B_sin A sin B sin 50° .

ie. = - =
sinb sina sin 45°  sin 45° 13”108
u sin B = S0 45°
sin 45° 13" -108

log sin 45° = 1-8494850
log sin 45° 13"-108 = 1-8511345 - (subtract)

log sin B = 1.998505 ;. B =85° 0’ 34"
Example 1.5. Two ports have the same latitude | and their longitudes differ by 24.

_Prove that the length of the shortest route between them is 2R sin~! (sin d cos 1), where

R is the mean radius of the earth.
Find the greatest distance, along a meridian, between the shortest route and the parallel
of latitude through the ports. (L.L)

Solution

In Fig. 1.25, A and B are the two ports. AFB is the arc of the great circle through
Aand Band F is the middle point. Due to symmetry, therefore, LAFP = BFP=90°. ACB
is the arc of parallel of latinde. AP and BP are the two meridians through A and B,
FP is the meridian through the middle point of AB. Hence, triangles APF and BPF are

astronomical triangles.
In triangle PFB, .
-~ pB=f=co-latinde of B=(0°-D ;

PF=b ; ZFPB=4d.




FIG. 1.25.

Distance m=p can be Cﬂ.lcll]ﬂtw b
Fig. 1.25 (0.

90*-B

®)

y Napier's rule for the circular parts showp in

ine mi = Product of cosines of opposite parts i '
: smmlwes;alms(9oe_d)cos(90°-f)=sindsinf=sindsm(9°°'0=Smdwsl-

or FB=p=sin"" (sin d cos )

Hence AB=2FB=2p=2sin"'(sindcos]) radians. . ‘
. Distance AB along great circle = radius x angle at the centre of earth=Rx2,

=2 Rsin”' (sindcos 1)

The greatest distance between the great circle AFB- and the parallel of latitude ACB

will evidently be along CF (since ZF =90°).

(Proved).

The distance PF=b can be found by Napier’s rule.

sin middle part=product of tangents of adjacent parts
or sin (90° - d) = tan tan (90° - ) o
or cosd=tmbcotf=tmbcot(90°-!)=tanbtaql
o tanb=cosdcot! or b=PF=tan(cosd cotl)
Now CF=CP-FF
But cp=(90°-o=§-l radians

CF=(§—1)-tm"(cos d cot [) radlans

Distance along CF = Radius xanglea:nbcccnﬂe:R{(;-z]-ian-‘(cos dcoth} Ans.
Example 1.6. Find the zenith distance and altitude ar the upper culmination of the

stars from the following data : ‘
(a) Declination of star =42° ]5'N
(b) Declination of star =23° 20'N
(c)  Declination of star = 65° 40'N

Latitude of observer = 26° 40'N
Latitude of observer = 26° 40N
Latitude of observer = 26° 40'N

.

FIELD ASTRONOMY

Solution. (Fig. 1.18)

(@) Since the declination of the siar is
the upper culmination of the star occurs 1o
P.

! -
. greater than the latitude of the obscrver (6 > 9).
the north side of zenith, i.e.. between Z and

Hence zenith distance at upper culmi.nation=m =éP—AP
. =(90° - 8) - (90° - &) = (5 - 0) = 42° 15" - 26° 40 = 15° 35"
Altitude of the star at Upper culmination = 90° — 15° 35’ = 74° 2§°
(b) Since the declination of the star j
upper culmination of the star occurs ar

s lesser than the latiude of the observer. the
e sotth side of the zenith.
Zenith distance of the star at upper culmination = Z4, = A,P - ZP
=(90° - 8) - (90° - 8) = 6 — 5 = 26° 40’ — 23° 20’ = 3° 20
A.l}itude of the star at the upper ‘culmination = 90° — 3% 20’ = 86° 40°
(c) Fig. 1.19, 8 =65° 40" N ; 90°~ 0 = 90°- 26° 40’ = 63° 20
Since the declination of the star s greater than the co-latitude, the sir is <i
and will never set. The npper culmination will occur at the north
between Z and P.
Zenith distance at the upper culmination = Z4, = ZP - A,P
=(90°—8) - (90° - 8) = 6 — O = 85° 40’ - 26° 40’ = 39°.
_ Altitude of the star at the upper culmination = 90° - 39° = 51°, '
Example 1.7. Find the zenith distance and aliirude at the lower culmination for a
star having declination =85° 20 if the latitude of the place of observation = 46° 50",
Solution.

rcumpolar,
tile of zenith, i.e.,

5=285°20"; 90° - 0 = 50° — 46° 50" — 43° 10

Since the -declination of the star is greater than the co-latiude of the place, it is
circumpolar and” will not set.

In Fig. 1.19, let A, be-the lower culmination of a circumpolar star ‘M,. Its zenith
distance at the lower culmination = Z4,= ZP + PA, )
‘ =(90° - 6) + (90° - 8) = 180° — & — 6 = 180° — 85° 20’ — 46° 50’ = 47° 50’
The altitade of the star = 90° — 47° 50’ = 42° 10",
Example 1.8. A star having a declination of 56° 10’N has its upper ftransit in the
zenith of the place. Find the altitude of the star at its lower transit.
Solution. (Fig. 1.18)

Let M be the star having A and B as its upper and lower transits. Since the upper
culmination is at the zenith, Z and A coincide.

Hence zenith distance of star = zero
and  Polar distance of the star =AP=ZP = co-latiude of place
90°-5=90°-0 or ©0=3=56°10
At the lowest transit of the star at B, its zenith distance = ZB = ZP + PB
=(90°-0)+(90°-8)=180°-0 -5 =180°~25 = 180° - 112° 20’ = 67° 40’
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- 90° - 67° 40" = 22° 20", )
er transit = 90 cos ZM = cos PZ cos PM + sin PZ sin PM cos H

Altrude of the star at low d lower transits of :
’ . ; star at upper an j a star I - 3 5 1Y 4 ot
Example 1.9. The a}nmdﬂ_ beﬁne on the north side of Zt'm_lh of the Pluce. F“"’e P cos 407 cos 69° 30’ + sin 40° sin 69° 30’ cos 42° ¢
its being - Ting = 0.26828 + 0.44673 = 0.71501

70° 20° Td 2 43{ ‘i(:'hsr::! ;n"‘:!"-“ of the place of observation.
the declinarion
Solution. (Fig. 1.18) 4 and B as it upper and lower culminations,

A the star having
o zenith disrxncc=ZA=ZP-AP | |

ZM = 44° 21’
Altitude of the star = a = 90° — ZM = 90° - 44° 21'= 45° 39
Again, using the cosine rule (Eq. 1.2), we have
cos PM - cos PZ . cos ZM

he latitude

the culmination,
At upper =(90°_B)_(900_8)=6—0 { cos A= - -
o _ genith distance = 90°= (6 = 9). f : R 5Z . sin 2 :
Altirude of star = 90° = zenl? ° ' ' _ ; . £05 69° 30" - cos 40° . cos 44° 21’ _ 0.35021 — 0.54780
But this is equal to 70°20° (given | . sin 40° . sin 44° 217 = —0.43034 = - 0.43972.
) i Since cos A is negative the angle A lies betwesn 90° and 180°.

70° 20" = 90° - (8 - 6)
cos (180° - A) = — cos A = 0.43972

oy |
? 180°-A4=63°55" or A=180"-63°55=116>5 W

5 - =90° - 70°20' = 19°40°

N At the lower culmination of the star, the zepith distance of ;hc astar
° 13()°— = 0 -
=ZB=2P+ P.B= (90 -8)+ (0 5)900189 ©+8) _ : Example 1.11. Determine the azimuth and altitude of a star from the following data :
' Altitade of the star = 90° — zenith distance =0 +8 - . ()  Declination of star =8 30°S
Bur this is equal to 20°40" (given) . | (i) Hour angle of sar = 322°
G45_90°=20°00 or B+8=110°40 el @iy Latitude of the observer = 50° M.
Solving equation (1) and (2), we get §=65°10" .and §=45730" j- | -7 Soloden. (Fig. 1.27)
Note. Since the altitudes of the star a both the culminations are positive, the s . Since the hour angle of the star is
is circumpolar. - 8 ‘more than 180°.- it is in the eastern
Example 1.10. Determine the azimuh and altinude of @ siar from the following duy: | hemi-sphere and its azimuth will be castern
(i)  Declination of star = 20° 36'N | as shown in Elg. 1.27 where ZPM is the
: G, ; astronomical triangle. The star M is below -
(i) Hour angle of star e ‘ | the equator since its declination is negative.

ZP = co-latitude = 90° - 50° = 40°
| PM =90° - (- 8°30") =98° 30';
| H, = 360° - H = 360° - 322° = 38°
| Knowing the two sides and the included
' .angle, the third side can be calculated by

the cosine rule (Eq. 1.2 a).

Thuscos ZM = cos PZ . cos PM + sin PZ

' x sin PM cos H, FIG. 1.27

= cos 40° . cos 98° 30’ + sin 40° sin 98°.30". cos 38°
t = - 0.11323 + 0.50094 = 0.38771
' ZM = 67° 11"
Altitude of the star=90° — 67° 11" = 22°'49’
(The star is thus above the horizon)
Again, from the cosine rule [Eq. 1.2)

(iif) Lartirude of the observer =50°N. ‘ Now,

Solution. (Fig. 1.26)

*  The hour angle of the star
=42° 6" and since it is measured towards
west, the star is in the western part of
the hemisphere as shown in Fig. 1.26.

In the astronomical A PZM, we have

PZ = co-latitude = 90° - 50° = 40°

PM = co-declination of star
= 90° - 20° 30’ = 69° 30’
LZPM = H = 42° 6'.
It is required 1o find angle A and

Equator

ZM.
Using the cosine rule (Eq. 1.2a)
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cox PM - con PZ_ €08 PM _ o8 9.8i‘?:;‘-;—f::;g;;‘{-_frl1_' | In the a«:nmmical”rriannle 7PM, we. have
ﬂ‘i""’_‘_‘};ﬁ—;i;lzv o ! M=90" - a =99 —ZI.JO'ﬁﬁsqu'. ZP = 90" _ () = 30" _ 4R* - 42" L A= 1407
~0487 ‘ Knowing the two sides and the included angle, the third side can be calculated &
- 014781 - 0.20077 _ _ 75051, , the cosine rule (Eq. 1.2 ). d
=T 5280 180° . Thus cos PM = cos ZM cos ZP + sin ZM sin ZP cos A

. ocn 907 and
ative, the vahe of AT benween = cos 687 0y ¢ 4
Since con A B OO 075081 T eos €03 42° + sin 687 307 sin 427 cos 140
(B0 - 4) = - O A= 136738 = 0.27236 - 0.47691 = - 0.20455
(180% - A) = 417 && j » o8 (180° = PM) = 0.20455 or 180" - PM = 73" |2’
zimuth of sur= 138" 38°E. : PM = 101" 43’
12, Derermine the howr aRg Declination of the star = 90° - 101248 = - |]” a%'= - 11748’ §

oo

le and declinaiion of a star from the follo“.m:

Example 1 . : .
220 367 Again, knowing all the three sides. the angle #, can be calculated from the cosime
() Alimde o the S oo W formula, (Eq. 1.2). Thus

Azimuth of the sa , o N . cos Ky m 2 MZ.— cos ZP . cos MP _ Cos 68” 30" - cos 42° cos 101° 4%
ce o observanon = o ‘ sin ZP sin MP stn 42° sin 101 4%’

- 0.36650 + 0.15198

un
(@if) Latirude of the pla

' :::“:c f::“m’hzi: e sar is 42° W. the star is in the western hemi-sphery . o 65499. =079161 - H, =37
ls the ssronomical A FZM, we have gt 22" 3% = 672" angle A=dpe | But H, is the angle measured in the eastward direction.
P7 - co-atitde = O - 40 =507 : ZM = co-shie® = m-;d side can be calculated frg | - Hour anale of e e =300 - Hiw 360 - 37 4Y = 30" 29
Knowing the two sides and e included angle, the thi . m ‘j Example 1.14. Calculate the sun's azimuth and hour angle a1 sunset ar a place
e cosine formula (Eg. 1.2 4 ! in latitude 42° 30" N, when its declination is (a) 22°12° N and (b) 22° 12°5.
Toes,  cos PM o= cos FZ.cos ZM +sin PZ. sm ZM . cos A o - Solution
o « cox S0°. cos 67¢ 24" + sin 50 sin 67° 24'. cos 42 ‘ | Let ‘us consider the astronomical triangle ZPM, where M is the position of the sun
- 024702 - 0.52556 = 0.77258 ' " Since the sun is on the horizon at its setting, it altitude is zero, and hemce ZM - ¥
PM = 39¢ 25 l Also, ZP = 90° - 42° 30’ = 47° 3(r
Declination of the szr=38=90°-PM =90°- 39° 25" = 50° 35' N. ' (a) PM =90° - 22° 12" = 67° 48
Sumilarly, knowing all the three sides, the hour angle H can be calculated from } From the triangle ZPM, we get by cosine rule
Eg 1.2 . 67° 24" — cos 50° . cos 39° 25° ‘ cos PM = cos ZP. cos ZM + sin ZP. sin ZM. cos A
cop fn B D - oM FZ cORBTT 0RO s : But cos ZM=c0s90°=0  and  sin ZM = sin 90° = |
s PZ . sin PM sin 50° . sin 39° 25 . cos PM coe 67° 48°
_ 0.38430 - (.49659 - - 023086 ' cos A= n ZP = s 47730 Hence A4 =359 100
0.48640 ' Hence azimuth of the sun ar setting = 59° 10' West.
cos (180° - H) = 0.23086 . 180° - H =76° 3% . | Again, from the cosine rule, we get
Shdas - i 3 _ cos ZM = cos ZP . cos PM + sin ZP . sin PM . cos H
Example 1.13. Determine the hour angle and declination of a star from the follamx X But cos ZM = cos 90° = 0
— () Abmede of the mar - 21° 30° Hence  + cos H=-cotZP . cot PM = - cot 47° 30' cot 67 48’
' ! or cos (180% - H) = + cot 47° 30" cot 67° 4%
(7, Azeugh of the siar =] E S -
13y laninalz of the observer = 45° N, 180° - H = 68° 03" or He!lWr-6"0y=U1"%
Selutian ) Hence sun's hour angle at sunset = 111° 57" = 7% 27™ 48*,

firfer Fog 177, Since the ezimuth of the star is 140"‘!'.', it is in eastern hemi-sphere.
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srimuth 18 given by
® As bdefore, e 00" - (- 227 127 = 122712

m‘gm_—‘-——f‘P':!'. Here, PM =
-- :.13 :'.r and M=% before
& =803 o
- cos 1120127 _ _ ©08 67° &8 .
o sn 477 30 qan S/
cos 877 &Y .
o M(lﬁ?‘—,4"=‘ﬁ
5 .
From which, 180 -4 =57 10 or .4=1"0":‘0
Azimu o.’dzsunl:s:;:&'!=120'.‘0 West. ' -
E ZP . cot PM = - oot 47° 30" cot 112° 127 = cot 47° 30" cot 67°. 48
Semilarly, o H=-o { PM =
H=68°%
L = )
. e 3 =432 12°,
Henor sun's hour angle 2 sunset = ] -
Example 1.15. Calcudate the sun’s  hour angle ant{ azimuth at sunrise for a plac,
mwxrm'sn»mmmmmuzru N. B
Solution

Consider the astonomical wisnele ZPM, where M is the position of the sup z

& horgon and P s the soul pole.
2P = 90% - & = 90— 420 30" = 47- 30’

7'M =90¢, since the sun is at horizon
MP =90 +22° 12" =112° 12°. .
wsZ'M=msZ’P’.cosP'M+sinZ'PsinP'M.cosH

By Cx cosinc rule,
cos Z'M=cos90°=0 ’

Z:oc cos H=-cot Z"P *cot P'M =- cot 47° 30’ cot 112° 12
=cot 47° 30" cot 67° 45" * ’

Hence _H=683 ‘

Simcr e sun is 21 e seming, its hour angle is eastern. "

Heme weserly bow angle of sun = 180° - 68° 3’ = 111° 57' = 7" 27" 48"
cos P'M  cos 112°12°  cos 67° 48

A e, M . A= - = =—
g, = - - simZ'P’ s 4730 sin 47° 30’
cos 67° 48’
180° - A) = = oo
Bt )= maw

1B - A=59°10'  or A =180°-59° 10"

Hemce e smmuth of the sun = 120° 50° East.

THE EAKTH AND THE SUN

1. The Earth. The Earmh i considered approximately sphierical in shape. But actually
n @ very approumately an oblate spheroid Oblae spheroid is the figure formed by revolving

1.7.

an etigne sbowt s muor aris The earth is flantened at poles - its diameter along e |

-

S ————

I
|
l
i
a
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jar axis being lesser than its diameter at the equator. The equatorial radins o of the
earth. according to Hayford’s spheroid is 6378 338 km and the polar radius b of the zarh
h 6356.9'2 km Thc e[]lpric(ly it C!pfﬂm b'/ d‘c ratio g____f:. which reduces t __'r_
. a T
For the Survey of India, Everest's first constants were ased as follows
g=20922.932 Tt and b=20353642 fi, the eilipticity being — |
o 31104

'Thc carth revolves about its minor or shorter axis (je. polar axis), on am Fversgs,

once in N{"‘Y'f"‘" hours, from West to East. If the earth is comsidered stationary, the
whole celestial spherc along with its celestial bodies like the stars. sun, moon =c. 1ppear
to revolve round the carth from East to West. The axis of rowtion of earth is known
as the polar axis, and the points at which it intersects the surface of earth arc termed
the North and South Gea.gmph:cal or Terrestrial Poles. In addition o the motion of rotation
about its _0‘”“ polar axis, the earth has a2 motion of rottion relative © the sus, in 2
plane inclined at an angle of 23°27' to the plane of the equator. The time of & comples
revolution round the sun is one year. The apparent path of the sun m the hesvens =

the result of both the diurnal and amnual real motions of the earth.

foe carth bas been divided into certain zores depending upon the paralizlis of lzttuds
of certain value above and below the equator. The zone berween the parallels of latitde
23°27) N and 23° 273’ S is known as the fornd zome (see Fig. 1.12). This is the hottest

portion of the earth’s surface. The belt included between 237 27" N and 86° 32,7 N of eguator
is called the north temperate zone. Similarly, the belr included between 237 27 Sand 667 32.°5
is called south temperate zone. The belt between £6° 32y N and the north pole s cziied
the north frigid zone and the belt between 66° 327 S and the scuth pole s called ozt
frigid zone.

2. The sun. The sun is at a distance of 93,005,000 miles from the c2rth
. : X 1
distance is only about 350,000
about 109 times the diameter of the earth, and subtends and angle of 317 59 ° ar the cenmre
of the earth. The mass of the sun is about 332,000 times that of the carth. The temperature
at the centre of the sun is compur=d w© be abour 20 millicn dearess.

The sun has two apparen: motions, ope with respect to the eanh from =t ©
west, and the other with respect to the fixad swars in the celesual sphers. The former
apparent path of the sun is in the plane which passes through the centre of the ceoiesnal
sphere and intersects it in a great cirle called the echpuc. The apparent motion of e
sun is along this great circle. The angle ccowo=n the plase of equator and e oolipuc
is called the Obliquity of Ecliptic, its value being 23* 27 The obliquity of eclipnc changes
with a2 mean annual diminution of 0°.47.

The points of the intersection of the eclipuc with the equator are called the equnoctial
points, the declination of the sun being zero at these poinis. The Verna! Equinox or the
First point of Aries (Y) is the point in which the sun's dechination changes from south
0 north, The Autumnal Equinox or the First poini of Libra (%) w the pont wm which

g

L=

of that of the pearsst star. The diametzr of the sun o
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FIG. 1.28. EFFECT OF EARTH'S ANNUAL MOTION,
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carth 18 thus at varying disumcc:s from the sun. The orbit lies (very nearly) i /

i apparcnr‘palh of the sun is in the same plane. The plane -1); lrhr ght the contre
of the ccl'esl.lal_spt‘cfe_ and intersects it in a great circle call-dp L;;s ecl:or‘:'gh 11‘4:: CTUE
of the ccliptic is inclined at about 23227 15 that  of the e(;u-ior ,.-.‘fc”' the c,.?.dn}
the earth is inclined !‘a the plane of the ecliptic at an angle bf 6.6° ;}-m .anc; ;r;'.jzirir
ractically P‘:;:’”é’l {o itself throughout the year. The inclination of the axls. of . ‘cuth

; auses v, ;
::cu:i,gn ;tso:re;rth's smbit'arlatlons of seasons. Fig. 1.28 shows the di:lgramm:‘l:ic plan and

As preViOlfSIY mentioned, the earth's orbit is an ellipse with the sun at one of its
foci. The carth is thus at varying distances from the sun. The earth is at a pmn;' nearest
e sun (called the perihelion of the earth’s orbit) on about January 4 and at'a point
farthest from the sun (callefl the aphelion of the earth’s orbit) on about July 5. The ea.'th'.s
rate of angula_r movement around the sun is greatest at perihelion and least at aphelion.

In position I, the earth is in that part of the orbit where the northern end of the
axis is pointed towards the sun. The sun appears io be farthest north on about June 22,
and at this time the days .are longest and nights are shortest. The summer begins in the
northern hemisphere. This position of the earth is known as the summer solszice. In position
2 (Sept. 23),” the sun is in the plane of the equator. The nights are equal everywhers.
The instant at which this occurs is called the Awumnal Eguinox. The axis of the earth
is perpendicular to the line joining the earth and the sun. In position 3, the carth is
in that part of the orbit where the northern end of axis is pointed away from the sun.
The sun, appears to be farthest south (Dec. 22) and at this time winter begins in the
gorthern hemisphere. The days are shortest and nights are longest. The position of the

“earth is known as the winter solstice. In position 4 (March 21), the sun is again in the

plane of the equator. The day and night are equal everywhere. The instant at which this
occurs is called the Vermal Equinox. The line of the equinoxes is the intersection of the
planes of the ecliptic and the equator, and is at right angles to the line of solstices.

Fig. 1.29 (b) shows the sun’s apparent positions at differeat seasons. Let us smdy
this in conjunction with Fig. 1.29 (a). Thus, on Fig. 1.29 (@), we shall trace the annual
motion of the sun, while -on Fig. 1.29 (b), we shall trace the apparent diurnal paths of
the sun at different seasons. As is clear from Fig. 1.29 (a). the sun’s declimation changes
daily as it progresses along the ecliptic. Due to the changs in the declination, its apparent
path of each day is different from that of the day before. The apparens path thus ceases
to be circular and all the daily paths taken together will give rise to one contirous spiral
curve. However, for explanation purposes, we shall assume that throughout each day, the -
sun’s declination is constant — retainic~ the same value it has at sunrise. On this assumption
the sun’s daily paths will consist of a senes of parallels instead of a spiral as illusmated
in Fig. 1.29 (b).

On 21st* March, the sun is at Y [Fig. 1.20 (a)] and its declination is zero. The
sun's daily path on this day will be along the equator rising at E and seming at W of
the horizon. Its hour angle at E will be EPZ =90° when it rses. At W, it will agun
have an hour angle of 90° when it sets. Thus, day and might will be of equal duranon.
On that day, the meridian altiude SB of the sun is equal to te co-latiude. As the sun
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advances along the ecliptic, 1S dn‘
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maximum dec
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point M, it attains 1S N
linanon (23°27) on about June 22.

The paralicl 4 AA; represents sun’s path
on i+ day. The sun rises at A, when
' 4,72 which

its hour angle is equal o
The sun seis

is gregrer than 0°.
at 4, when its hour angle is grearer
than 90°. The day is thus longest
oo 22nd Jupe. The meridian altitude
S4 also amains its maximum  value.
On Sept. 23, the declinadon of the
sun is again zero, the sun's daily path
is along the eguator and the day Qnd
night are of equal length. As the mouon
of the sun conginues along the ecliptic,
its declination increases 10 the south
of the equator. On December 22, its
southern declination is meaximum,
C,CC; represents sun's path on that
d’)'-msunriscszzctwhmi(hxs
the hour angle C,PZ which is evideatly
!cﬁman'O“andsasatC,wha:
its hour angle is less thzn 90°. The

dazy is thus shorer than the night.
It is colder in winter doe [ ®
fwo [m2in reasons FIG. 1.29. SUN'S APPARENT POSITIONS AT
(1) the days are shorier in wier. DIFFERENT SEASONS.
(2) the rays of sunlight strike the surface of the ground more obliquely, thus weakeny
the hearing power of the sun's rays. u
Il effect in makiy

‘nougbthcezrmisnmmwmcsuninwinwrithasverysma
the- winter houier, The amount of heat received from the sun depends upon the time i
remains shove the horizon, and also on the altitude it amains during the day. |
_ MEASUREMENT OF TIME . '
. .Duc o the intimate relationship with hour angle, right ascension and longitude, &
')u:.dcdgc o{' messuretment of time is most essential. The measurement of time is bast
::,'n‘;n: lm:!acnrmcz:onhc;n of heavesly bodies caused by earth’s rotation on its axis.
interval Wi ses, between any two i s
use the following sbbreviations, ny two instants, In the subsequent pages, W¢
é':’_: grcenwmch Mezn T‘m'-' G.MM. .. Greenwich Mean Midnig¥
AT. .. Greenwich  Apparent Time = L.AN. ... Local Apparent Nood

)
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... Greenwich Sid i
G.8.T. ereal Time LMM

" Local - -M.M. ... Local Mean Midnight
LM.T. m:] 'l:‘lcan Tlme. L.5d.T. ... Local S!.md.xrd"l‘nx'r;'c
LAT. v .pparent Time N.A. MNautical Al ‘
LS.T. . Local Sidereal Time S.A. Sta .
G.M.N. .. Greenwich Mean Noon o e

1.8. UNITS OF TIME
There are the following systems used for measuring time -
1.  Sidereal Time 2 Solar A-pparem .T'
) e me
3.  Mecan Solar Time 4. Standard Time

1. Sidereal Time

Since the earth rotates on its axis from west to east, all heavenly bodics (i.e. the
sun and the fixed stars) appear to revolve from east to west (ie. in clock-wise (I“".'f;ri:';‘
around 'h? earth. Such motion of the heavenly bodies is h:p‘,,{, as app;:,-m";-.;cri:;r-x' W“
may consider the earth to tum on it axis with absolute regular speed. Duc t') I;IR- L"':
stars appear to complete one revolution round the celestial poI; as centre in '-omr;zm "'—“.cﬂl;-l
of time, and lhcy. cross the observer’s meridian twice each day. For ast:on;micdl pu‘rpf.‘%"'
the _s:dcreal day is one of the principal units of time. The sidereal day 15 the r’n.'e;'. ol
of time between two successive upper transits of the first point of Aries (Y). I bCE;

. at the instant when the first point of Aries records 0" 0™ 0" At any other instant, the

siderfal nme Wi_ll be the hour angle of Y reckoned westward from 07 to 24°. The siderzal
day is divided into 24 hours, each hour subdivided into 60 minutes and each mirx;tc into
60.saconds. However, the position of the Vernal Equinox is not fixed. It has s!;>w (;nd
yanable) westward motion caused by the precessional movement of the axis, the actual
unerva'l between two transits of the equinox differs about 0.0l second of time from the
true timo of one rotation.

Local §iderul Time (L.S.T.) The local sidereal time is the time interval which
has elapsed since the transit of the first point of Aries over the meridian of the place

m
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sh which the earth has r

. le through which Otateg

It is. therefore, a measure of the angic S ed sing
equinox was on the meridian. The local sidereal time 1S, thus, equal 1o the rigy, asc:u,,“&

of the observer's meridian.

Since the sidereal time is the hour angle of the t"nrsr point of Aries, e houy
f-a star is the sidereal rime that has elapsed since its transit. In Fig 1.30, M, ia"i"ri
gosition of a star ‘havine SPM, (= H) as its hour angle measured westward anq | |

- is the hour angle of Y 1
its right ascension (R.A.) measured eastward. SPY 15 4 and e, mul
local sidereal time. '

|
|
!

-_SPY
Hence, we have SPM, + M,PY = SP _ ' .
or star’s hour angle + sfar’s right ascension =local sidereal time

e ap 4l A wf]
If this sum is greater than 24 bours, deduct 24 bours, while if it is negagiy, a.:dl.

24 hours,
In Fig. 1.30 (b), the star A, :
(eastward) and ZPM, is its hour angle (westward). Evidently,

ZPM: (exterior) + YPM; = 24" =SPY=L.S. T.
star’s hour angle +star’s right ascension - 24"-L.S.T.

Chsipy |

|

or A I

This supports the preposition proved with reference to Fig. 1.30 (a). The rela&omt;pi

is true for 21l positions of the star. ‘

When the star is on the meridian, its hour angle is zero. Hence equation | feducg,!

%) : ’

Star’s right ascesion = local sidereal time at its transit. L

A sidereal clock, therefore, records the right ascension of stars as they make fpy;

upper transits. |

The hour angle and the right ascension are generally measured in time in prefereug?

to angular units. Since one complete rotation of celestial sphere through 360° occupies 24%
hours, we have . .

. 24 hours=360° ;  1hour=15°

The difference berween the local sidereal times of two places is evidently equal &

the difference in' their longitudes. - [

|

|

]

2. Solar Apparent Time )

- Since a2 man regulates his time with the recurrence of light and darkness due t'
rising and setting of the sun, the sidereal division of time is not suited to the needs o
every day liff:'. for the purposes of which the sun is the most convenient time measure’
A :a!a(. day is the interval of time that elapes between two successive lower transits o .
the sun’s cenwes over the meridian of the place. The lower transit is chosen in orde
that the date may change at mid-night.' The solar time at any instant is the hour ang|‘
of the sun’s centre reckoned westward from 0" to 24", This is called the apparent soli
time, and is the time indicated by a sun-dial. Unfortunately, the apparent solar day ¥
not of constant length throughout the year but changes. Hence our modern clocks ad

cironometers cannot be used to give us the apparent j . i
i S0 - lengt |
of the day is due fo two reasons : PP lar time. The non-uniform i

is in the other position. Y PM, is its Right Ageep |

F]ELDASTRONOMY ) ¥

(1) The orbit of the carth round the sun is not circular but ellirtical with sun at
one of its foci. The distance of the earth from the sun is thus variable. In sccordance
with the law of gravitation, the apparent angular motion of the sun is hr.m un;.fmm-it
moves faster when is dearer to the carth and slower when away. Due to this, the sun
reaches the meridian sometimes earlier and sometimes later with the resuit that' the days
are of different lengths at different seasons. )

(2) The apparent diurnal path of the sun lies in the ecliptic. Due to this, =ven
though the eastward progress: of the sun in the ecliptic were uniform, the timc elspsing
petween the departure of a meridian from the sun and its return thereto wonld vary because
of the obliquity of the ecliptic.

The sun changes its right ascension from 0" to 24" in one year, advancing eastward
among the stars at fhe ra.te of about 1° a day. Due to this, the earth will rave to tum
nearly 361° about its axis to complete one solar day, which will consequently be about

-4 minutes longer than a sidereal day. Both the obliquity of the ecliptic and the sun's

unequal motion cause \farfable rate of increase of the sun’s right ascemsion. If the rate
of change of the sun’s right ascension were uniform, the solar day would be of constant
length throughout the year.

3. Mean Solar Time

Since our modern clocks and chronometers cannot record the variable apparent solar
time, a fictitious sun called the mean sun is imagined to move at 2 uniform rate along
the equator. The motion of the mean sun is the average of that of the tree sun in its
right ascension. It is supposed to start from the vernal equinox at the same time as the

-qrue sun and to return the vernal equinox with the true sun. The mean solar day may

be defined as the interval between successive transit of the mean sun. The mean solar
day is the average of all the apparent solar days of the year. The mean sun has the
constan: rate of increase of right ascension which is the average rate of increase of the
true sun's right ascension. '

The local mean noon (L.M.N.) is the instant when the mean sun is on the meridian.
The mean time at any other instant is given by the hour angle of the mean sun reckoned
westward from O to 24 hours. For civil -purposes, however, it is found more convenient
to begin the day at midnight and complete it at the pext midnight, dividing it into TWo
periods of 12 hours each. Thus, the zero hour of the mean day is at the local mean
midnight (LM.M.). The local mean time (L.M.T.) is that reckoned from the locel mean
midnight. The difference between the local mean time between two places is evidently equal
to the difference in the longitudes. .

From Fig. 1.30 (a) if M, is the position of the sun, we have

Local sidereal time =R.A. of the sun+bour angle of the sun (1)
Similarly, Local sidereal time = R.A. of the mean sun + hour angle of the mean sun ...(2)

The hour angle of the sun is zero at its upper transit. Hence
Local sidereal time of apparent noon=R.A. of the sun (3
Local sidereal time of mean noon=R.A. of the mean sun )
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The Equation of Time 4 the 2pp
R . ean an -
The difference between the m wan sun s entirely fictitious body, there j ol

on of tme. Since the m L :

:czr:sc t;qudai‘::‘cm"’obs:n'c its progress. Fox:m?-ﬂ)" the 'appa;t;n:jmt;m%o‘:is ;'ele’mlﬂcd by|
o o o w558 3 Ll e by S s,
ime i i asily bY . . . atiop, |
?mmm?ecﬁmﬁfnm?;:nyﬁc through the medmm _of wireless sngnals: Due ¢ ;::?
reason i is more " convenien: to regard the fqualron of ll{m’ asl the correction thay ,
be applied 10 mean tme 10 obiain appar.en! time. 'I'he'nautfcal a mc tabuPates the Vil |
of the equztion of time for every day in the year, in this sense (i.e. apparent - mey

Thus, we have : ! .
Eguation of time = Apparent solar time — Mean solar time.

The equetion of time is positive when the apparent solar time is more”than the e,
solar time ; to got the zpparent solar time, the equation of time should then be aggy
to mesn solar time. For example, at 0" G.M.T. on 15 October 1949, the equation of g,

tme i+ 13™ 12°. This means that the apparent time at 0" mean time is O" 13" 1%,

|

other words, the true sun is 13™ 12° ahead of the mean sun. Similarly, the equation of

time is pegative when the apparent time is less than the mean time. For example, g
0° G.M.T. on 18 Jan., 1549, the equation of time is — 10™ 47", This means that the apparex
time 2 0° memn time will be 23" 49 13* on Jamuary 17. In other words, the true su.

is behind the mean sun at that time. ,
The value of the equation of time varies in magnitude throughout the year and it
value is given in the Nautical Almanac at the instant of apparent midnight for the placs

on the meridian of Greenwich for each day of the year. For any other time it must b .

found by adding or subtracting the amount by which the equation has increased or -diminished
since midpight. -
It is obvious that the equation of time is the value expressed in time, of the different

&t any instant berween the respective hour angles or right ascensions of the true and mes

suns.
The amount of equation of the time and its variatioi '
he qua ariations are due to Two reasoms :
(1) obiiguity of the ecliptic, tmd (2) ellipticity of the orbit. We shall discuss both I
ceffects separately and then combine them to get the €quation of time.

:LD ASTRONOHY
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(1) Obiquity of the ecliptic

Ncslﬁz:'f““:; ;“‘Pfic motion, let the true sun describe the ecliptic orbit TM SN with
""Ub”?m‘;:)in augulaa r'J"-{eII(-:'t;hﬁLl;ea:o sun describe the equatorial orbit TM'2N' with the
same ity. th the suns start from T at the instant i

B same nt in
the d|rectw‘:;l le:fu:hiru arrow, .The earth axis PP’ also turns in the same direction once
inada_y- ) i ;: UC sun is at A, the mean sun will be at C such that TA =YC. If
2 dccnm:;:md:;?m:tils drawn through A4, it will meet the equator in B. The difference
petween the on circles of A and C will then be the equation of time. The points

(a)

'b)
FIG. 1.31. EFFECT OF)BLIQUITY OF THE ECLIPTIC.
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: en the equinox
. solstices. Betwe 10 sglep
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B and C will coincide : idian
f B, and any given met and then the mean sup, Thay i
iy |

C will be in advance O un

direction of the arrow) ovalp T nm:ndtm:eni:e the equation of time will be I

apparent noon will precede méan m:inox ¢ will be behind A and the ecuation of ti::' |
' 3

Similarly, between the solstice to €q he equation of time due 10 the g @
s subt.ngtive. In Fig. 1'33;;] i,:,:m:;e'i;;ug;ﬁuif timceq due to this reason vanishg_:l ity |
qf ecl{pUc. It may be ':znoxes and solstices. Fig. 1.31 ({J) shows the plan, on EQHaW ;
times in a year "_t_“'nseqof the true and mean sun at d:ffer'cm parts of L']g year.

B o i :l)ude the equation of 1ime due to obliquity of the eclipiic is g, a
the fa:;h ‘:}sr'at lt:h: ogmjfon;a motion ‘along the ecliptic does not represent uniform Motion a
the right ascension.

2. Ellipticity or the
Let us now n¢

Eccentricity of the Orbit

glect the obliquity of ecliptic so that the orbit of the sun s i N

equator, and its apgaren_l path is o1

elliptical as shown in Fig. 1.32. g e

At the Perihelion (December 31), ET. ":e"i" ] -c-‘ :E'T'“"

the true sun (A4) and the mean ~C i A

sun (C) start at the same instant. 7 :

The mean sun (C) rotates with m;i; L/ : \

form rate while the true sun ! : \ Achetn

‘moves with the greater angular ve-  Perineliong .E;T;,%?I?....-_E_z?...;;.-.-.-.-V,-E-Is.z.‘éf‘_’ oy 1

locity since it is nearer the earth Dec.31 AIG | A

at Perihelion. Due to this, the true 5\ i J

sun precedes the mean sun. Now, ‘.\ é : A

since the earth rotates from west \&A ! Cy¥

to east (i.e., in the same direction BT \QL' -. BT
T

as that of the motion of the sun o~
along its orbit indicated by the
arrow), any meridian at a place

on it will overtake the mean sun
before the true sun. The mean noon will thus occur before the apparent noon, the mem

time will exceed the apparent time and hence the equation of time will be negative. Afix |
Do° from the Perihelion, the true sun, though ahead of the mean sun, will have decreas
. in its angular velocity so that the distance between the sun and the mean sun goes o
decreasing. At the Aphelion (July: 1), both the suns meet and the equation of time becomss
zero. Between December 31 to July 1, equation of time thus remains negative. After Juy
1, the true sun has lesser angular velocity than the uniform velocity of the mean suf,
and the mean sun precedes the true.sun. The apperent moon will thus occur earlier that
the mean moon at a particular meridian, the appesent time exceeds the mean time, 2
the equation of time becomes positive. ~After about 90° (October 1) from the Aphelio
the gap between the mean sun and true sun gradually reduces due to gradual increa
in the angular velocity of the true sun, till both the suns reach perihelion at the &%

FIG.1.32. EFFECT OF FLLIPTICITY OF THE ORBIT.

|
|
|

|
t .
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{nstant. Tthj;]UZt::( of time is thus positive from July 1 to December 31. In Fig. 1.33
the curve es the equation of time due to ellipticity of the orbit ‘
The Final Curve for Equation of Time .

mefla-;.ﬁd th;;ur;;e C;'C shows the final equation of time obtained by combining
the curv oot A il‘ t will be seen that the equation of time vanishes four times
2 year..on ore ut Apr 16, June 14, September 2, and December 25. From December 25
till April 16, it is negative having a maximum value of about 14™ 20" on February 12.

From April 16 tJo June 14 it is positive, having its maximum value of about 3™ 44’ on
May 15. From June 14 to September 2, it is again negative with a maximum value of

6™ 24° on July 27 Between September 2 and December 25, it is again positive, attaining
its greatest positive value for the year 1951, about 16™23* on November 4.

Min. | Jan. | Feb. | Mar.| Apr. | May [ June [ July | Aug. | Sep.| Oct. | Wov.| Dzc.| Min.
10 20(10 20 1J0 30 1? ?o 10 20{10 20[10 2010 20]10 20[10 20110 . (10 20
g B s o o
15 | L LI L Tt [’
E.T. due to obiiquity of ecliptic - "I&- 18
o A | 7
z g ! } 2
10 % y o A=t o[ *
7 PR B . Y
5 g 5§ - S a
5[ 3 S ammN i i\
£ $ “EEE P =s ] S
[ o l > { " 4 :l ™
— 5 1 7 LY -
ya \'d A ] § ‘\ 0
= L Z \\ 3 =
= 1 y 7 3 .8:E
8| s PR N sie
| T yamrs ’ / E 21 1
\ " i - \ ¥ 1
P AL bt ) g £ 4
10 T e o ~{-A 4 = 110
Tt E.T. due to o =
7 tricity ] '
C {W;? f t-:l E.T. = apparent time ~ mean time i

FIG. 1.33. THE EQUATION OF TIME : THE CORRECTION TO BE ADDED TO THE MEAN TIME ,
TO OBTAIN APPARENT TIME. .

4. Standard Time

We have seen that the local mean time at a particular place is reckoned from the
lower transit of the mean sun. Thus, at different meridians there will be different local
mean times. In order to avoid confusion arising from the use of different local mean time
it is necessary to adopt the mean times on a particular meridian as the standard time
for the whole of the country. Such a standard meridian lies an exact number of hours
from Greenwich. The mean time associated with the standard meridian is known as the
standard time. The difference between standard time and local mean time at any place
is that dué to the difference of longitude berween the given place and the standard meridian
used. For places east of the standard meridian, local mean time is later (or greater) than
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earlier (or lesser). Th
L3 fOllowing

.  west, the local time is
standard time, and for places © the west, iy countries

are the standard meridians of the some Longitude of standard p, eridiy
Country Degrees  Timeg
Hrs. My,
: 0 0-00
1 Great Britain, Belgium, Spai 15° E 1-00
2. Germany, Switzerland g2 lo £ 5-30
3. India 4
120° £ 8-00
4. “'eslﬂrn Austl‘llia 180° E 12 m.
s, New Zealand 90° W 6 -00
6. Central Zones of U.S.A. \ LA e g "
iti bi o!
7. British Columbia om midnight, is Koy

The civil time for the meridian of Greenwich reckoned fr
as the Universal Time (U.T.)Tim
. ‘ _
b Asrht:,:sa:jo:lm::dcoﬂume mean solar day as beginning at midnig:lt and divige ;
. b rdinary yoses, it is preferable 1o diy
::hc day si:;ymﬁ:;vf :;d 2:3 'cgrm f?\:oo Zero po?;? - .(l)_ Fm§np midnight to dln\:::
is called A.M. (ante meridiem), and (2) from noon to midnight is called P.M. (pog
meridiem).
“Example 1.16. Find the equation of time at 12' GM.T. on July 1, 1951 from th
following daia obtained from NA.
(@) ET. at Greenwich mean midnight on July 1, 1951=-3"28.41.
(b) Change between the value for 0* July 1, and that for 0" July 2=-118"

Solution
The change in the equation of time for 24 hours = - 11.82°

1182 ) cop
%4 x12=-5.91

Change in equation of time for 12"=
ET at 12 GMT.=-3"2841° 591 =~ 3" 3432,

Example 1.17. Find the G.A.T. on February 16, 1951, when the G.M.T. is

P —— h

10" 30" A.M. Given ET. at GM.N. on Feb. 16, 1951 =- 14" 10° increasing at the rae |

of 1 second per hour.

Solution. E.T. at GM.N. =~ 14™10°. Since the E.T. is increasing after G.MN., |

its value will be less than 14™ 10° before noon.
Now, 10"30™ A.M. occurs 1"30™ before the noon.

Change in ET. in 1"30™ = 1sec x 1.5 = 1.5 seconds.

ASTRONOMY
FIELD 5]

Eqiation of time at 10”30 A M.= - [14™ 10" - 1.5 = - 14™ 8.5
Now GAT.=GMT. 4+ ET. = 10"30™ - 14™ 8.5% . 10" 15™ 51.5*
1.9. INTERCONVERSION OF TIME
1.9.1. RELATION BETWEEN DEGREES AND HOURS OF TIME
The degrees may be converted into hours and vice versa by the following: relation:

360 =24 hours.
15°=1h N
'=4m lh=15°
15 =1m Ilm=15
' =ds 1 s=15"
15" =13

Example 1.18. Express the following angles in hours, minutes and seconds :
(@) 50° 12748, (b) 8°1876", (c) 258° 36°30".

Solution.

50°=30 1 =3" 20m o8 - 258
@ S0°=Tch= () 8° = h=0"32"0* (c) 258° = S h=17"1270°

12 '

12= 12 m=0" 0" 4g* 18 =B m=o"1712 3 =23 m=ot2m 24
, 48

48 =Es=oh 0™ 3.2¢ 6~=]‘;55=qhomo,4i 30”:.31%'5-_-0"0"'2'

Total = 3" 20™ 51.2° Total= 0" 33™ 12.4* Total = 17" 14™ 26

Example 1.19. Express the following hours etc. into degrees, minutes and seconds:
(@ €34"13F , (b) 18" 1™ 38
Solution.,

(@ 4'=4x15=60°0" 0" (b) 18"=18x15°=270°0" 0"

34™=34 x 15'=8° 30" 15°
13°= 13 x 15"=0°3" 15"
Total= 68° 33" 15"
1.9.2. CONVERSION OF LOCAL TIME TO STANDARD TIME AND VICE VERSA

The difference between the standard time and the local mean time at a place is
equal to the difference of longitudes berween the place and the standard meridian.

If the meridian of the place is situated east of the standard meridian, the sun, while
moving apparently from east to west, will transit the meridian of the place earlier than
the standard meridian. Hence the local time will be greater than the standard time. Similarly,
if the meridian of the place is to the west of the standard meridian, the sun will transit
the standard meridian earlier than the meridian of the place and hence the local time will

be ‘lesser than the standard time. Thus, we have

11™=11 x 15’ =2°45" 0"
38* =38 x 15"=0° 9" 30"
Total =272° 54" 30"
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: = le 1.2Il. Find the .
4 M.T. & Difference in_ the jongiudes () () Ty " el GM.T. corresponding to the following L.M.T.
L.M.T.= Standard M.1. - (E) (@) 9 M. at a place in longtiude 42° 36w
: in the longi W 2 , h32m 0% A ; . '

L.A.T.=Standard A.T. % Difference - (—E-] : | ® 47327 M. @t a place in longituce S 32°E.

LS.T.= Standard S.T. % Difference in the longitudes {3y N (3) Solution.

L= of p[ﬂff is 10 the east Of the standard . merldlan ! (a) Longitudc of the place i3 42° 3¢’ w

] ] idian '
Use (+) sign if the men o

and (-) sign if it to the west of the srandat:: r:ie‘rl
If the local time is to be found.fmm - (E]

LMT = GMT. + Longitude of the pla W)
. T . - . 820 301 E. lf the st f
e standard time meridian in India 1S ' . .|
. EXamP:,ew:,_‘nz,o.,', 7;; hsimrs 24 minutes 6 seconds, find the local mean tifne for‘d"’% | | I Ry
- e @ o : Now since the place is to the west of Greenwich, the Greenwich time will be more.
places having long | E i |
e . AL = . .T- + l,onglmde (W)

Solllﬁon - 200 E ! .
(@ The longitude of the place :8’2“ 20 £ ' LM.T. = 9"40™ 12° (A.M.)
Longitude of the standard meridian. = Add the longitude=2" 507 24°

- Difference in the longitudes = 82° 30’ - 20° = 62° 30', the. place being 10 the vy
of the standard meridian. G.M.T. = 12" 30™ 3¢6*

Now 2= 32 h=2agn ot

i
. . |

ven Greenwich time, we have [
!

. 36
W =""m= m
6 T 0" 2™ 241

. 62°  _ .bgm s
Now 62° of lOﬂgl!ude:—l-s—h—4 870 of G-M.T.:Ob 30m 363 (P.M.)
. 30 . .
30" of longitude =l—5rn=0”2rn 0* 3 (b) Longitude of the place = 56°32' E
’ . - 56 b N
. . . . Now 56°=—h=3"4"0*
Total =4" 10 0 X 15
Now L.M.T. = Standard time — Difference in longitude (W) 32l=_3_§m=0h2m g
=20"24™ 6° — 4" 10™ 0°= 16" 14™ * past midnight = 4" 14™ 6° P.M.
(b)) Longitude of the place =20°W ; " ahamas
Longitude of the standard meridian = 82° 30’ E. | Total =37 46" 8
Difference in the longirude = 20° + 82° 30’ = 102° 30, the meridian of the place | R Since the place is to the east of Greenwich, the Greenwich time will be lesser than
being to the west to the standard meridian, . | the local time. : .
Now 102° of longitude =,%h=6“ PELY , G.M.T. =LM.T. - Longitude (E)
: v — 4ah29m 108
30 of longimde=2m=o" 2" g | L.M.T.-:t 32" 10° (A.M.)
15 Subtract longitude = 3" 46™ 8*

Total = 6* 507 0*
Standard time = 20" 24™ 6* GM.T.=0"46"2° (AM.)
Subtract the difference in longitude = 6" 50 * Example 1.22. Given the Greenwich civil time (G.C.T.) as 6" 407 12 P.M. on July
' 2, 1965, find the L.M.T. at the places having the longitudes (a) 72°30° E, (b)
72°30'W, and (c) 110°32°30" E.

Local mean time =13"34"6' past mid-night = 1" 34™ §* P, M.

Y

———r—



Solution

(@ Longimde of the place =727

HIGHER SURyy,
Ying

-sc 72 = » "o
Now 2 =ﬁh'4 48
,_30 _ _ot2"0
il e
L e
Total = 4" 50" ©'

Since the place is t
than the standard ume.

Now \
Add longitude = 4" 50" 0
LM.T. =23"30"12"
= 11¥ 30" 12%

(b) Longitude of the place = 72° 30’
S'xmcthcplaceistothewstofme

than the standard ume.

. the local mear time will be Moge

G.M.T. = 18" 40" 12" Past mid-night

P.M. on July 2.
W =4b 50™ of time
Greénwich. the local mean time Will be legse

Now G.MT.=6"40"12" PM.= 18° 40™ 12" Past mid-night
Submract longimde = 4" 50" 0

- LM.T. - 13%40™ 12°= 1*40™ 12° P.M. on July 2.
(c) Longimde of the place =110°32'30"E

Now no:%o-uﬂ“ 20° 0°
32 m s
‘=ZZm=0" 2" 8
=gm 0" A
N-E - $
30" = 32 s=0" 0" 2

Totl =7"22%10°

Since the longitude is to the east to Greenwich, the local ‘mean time will be more

than the GM.T.

GM.T. = 18" 40" 12* Past mid-night

Add longimde = 7" 22" Jo'

LM.T. = 26" 02" 22"
=2"m" 22
LM.T. =2"02" 22"

on July 3
AM. on July 3,

1
|

LD ASTRONOMY ;
Example 1.23. Find the local apparent time of an observation at a place in longitude

o 8 E . corresponding to local mean time 100 207 30, thae equation of time at G M.N

peing 5™ 4.35' additive to the mean time, and decreasing at the rate of 0.32° per hour
Sotution.

The cquation of time is given at G.M.N. In order to calculate the ET. at the

given LM.T., we will have to first calculate the corresponding G.M.T. and ‘Cl:Jle:I'Y it
0 G.A.T. Knowing G.AT., LAT. can be calculated,

Longitude of place =60° 18" £ A" 1 E

L.M.T. of observation = 10" 20™ 30*

Subtract longitude in time BLELEPY
G.M.T. of observation =619 18*

Mean time interval before G.M.N.= 12" - (6" 19 18%) = 5" 40™ 42° = 5.68 hours

Since the E.T. decreases at the rate of 0.32° per hour after G.M.N., it will have
increased value for any time instant before G.M.N.

-, Increase for 5.68 hours @ 0.32° per hom=(568x032)!___ 1.82°

E.T. at G.M.N. ' =574.35"
Add increase =0™1.82°

E.T. at observation ' =5"6.17"

Now G.A.T. =G.M.T. +E.T.

G.M.T. of observation =6" 19™ 18
Add E.T. =0"5™6.17"
G.M.T. of observation ='6" 24" 24.17*
Add longitude in time =4" 1™ 12
L.A.T. of observation = 10" 25™ 36.17*

Example 1.24. Find the L.M.T. of observation at a place from the following dara:
L.A.T. of observation = I5" 12" 40°
ET at GM.N. = 5™ 10.65° additive to apparent time and increusing at 0.22* per hour
Longitude of the place=20°30"W.
Solution.
Longitude of the place =20°30" W =1"2"0'W
L.A.T. of observation= 15" 12" 40*
Add longitude in time = 1" 227 ¢*

G.A.T. of observation = 16" 34™ 40
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=4" 34 = )
Time interval .ﬁe:. G.M.N.. oximate, since jt has becn cal;:ulatcd by Subiy.,
(The above time interval is g’my e G.M.N. should be subtracted from Gm
GM.N. from the G.A.T. while @ -

Hence ) hour mean solar time = 1" 4 9 8565 sidereal time
] minute mean solar time = 1" + 0.1642' gidereal time

: _ b 4 .
1 second mean solar time = 1"+ 0,0027" sidereal time

' Thus, to convert the mean solar time to the sidereal time we will have to add
Tk i known at present). f=1.01" | . . ) ’ .
which is not s o pour = (4.578 x 0.22) g correction of 9.8565" per hour of mean time. This correction is called the acceleration.
Increase o ’

|
m 1065+ 1.01° = 5" 11.66* t To get the concept how a mean solar )
E.T. at observation= | day iS of a longer time interval than the sidereal To equinax

N;u' G.A.T. of obscn'arion--lé' 347 40° | gme, let us study Fig. 1.34.
A. Add E.T.=0”5m11.65' | Let C be the centre of the earth and ; ats
' . p be the position of the: observer at noon i
ion = 16" 397 51.66* | f its meridian at the date of the equinox. i /
G.M.T. of obscmfmn 'S 9™ o » zﬂ ¢, be the position of the earth's cemre i '
Deduct fongirade in time=1 2 {he next day. After the earth makes one eomplete i ! /
' obeery ¥ 177 51.66° . roution (with reference to Y), the observer ; ! ;
o 77 51. _ . ) ; ; ; ;
LM.T. of ation=15"1 | will be at O, and the sidereal time will be / \ ;
1.9.3. CONVERSIONOF 3mmmmTERVALTOSﬂ)EREALTIMEmRVALw. the same as it was the day before when he / v
+Jee \,'I(.ZE VERSA . was @ O. However, the solar day is the time ! L
' ; ' s revolution about the sun . jgerval between two Succéssive transits of the ; |
. ear is the period of earth’s revo the sun, fy,  interv o . ! -
. The ""’PM ".‘f:n ?;a:k 2gain 10 :‘; same position. The reference point chosey g, centre of the sun over the meridian. In order ‘o ot o,
the f men is the first point of Aries (Y). The year SO chosen is the tropicg yeg that the sun transits: the observer's meridian, Q Ore cay [ 5
use f;w A Sidereal year is the time tzken by the earth in making one comp, e earth will have 1o revolve additionally by c ) — a
:vc::;i;z mﬁr 'mz cun with reference to 2 fixed star. ‘ the arc 0,0'. The time taken for this additional
y ‘ . - - ) - }g
The first point of Aries has 2 retrograde motion westwards through an ar ¢ rotmo:;.h :lss 3w:1mh:::: .56.66 seconds. FIG. 1

s0.22" rear. The retrograde motion of the first point of Aries is due to the amracy, .
el per y and the sun which causes the direction of the axis of the earth alter 366.2422 sidereal days=365.2422 solar days.
position very gradually in such a way that earth arrives at the position of the vernal equim To convert sidereal time into mean time, we have

i i i i m as the Precession of Equinoxes. Dy . .
a lile carlier each year. This phenomenon is kpow f Equinoxes. D 1 sidereal 3652422 o solar day =1 : mean solar day

0 the precession of Equinoxes, therefore, the earth does not revolve by 360° round 3662422 ° -1366.2422

sun from the positions of vernal equinox to vernal equinox, but revolves througt or 1 sidereal day=23"564.09' mean solar time
60" - 30°.22) ' { - 1" sidereal time = 1" -9.8296° mean solar time

The sun advances among the stars in the same direction — west to east —as & e
earth revolves zbout the axis. Any given meridian, therefore, crosses the first point ¢ 1" sidereal time=1"-0.1638" mean solar time
Aries exactly once ofiener than it does the sun, in the course of a tropical year. Accordy 1" sidereal time = 1° - 0.0027" mean solar time
o Bassel, there are 365.2422 mean solar days in a tropical year, and in the same peri Thus, to convert 1 hour sidereal time 1o the mean solar time, a correction of 9.8296
there zre 366.2422 sidereal days. . ‘ : Seconds per hour will have to be subtracted from the sidereal rime. This correction is

Thus, we have the relation . called the retardation. '

365.2422 mean solar day = 3662422 sidereal days i Example 1.25. Convert 4 hours 20 minuzs 30 seconds of mean solar nme inio
‘equivalent interval of sidereal time,

Solution.

To convert the mean solar time to the sidereal time, we will have w0 first calculate

the acceleration at the rate of 9.8565' per hour of mean time.

lnﬂ'p
{
|

4

’ ! . s
or 1 mean solar day=1+4 Soooes sidereal days = 24" 3™ 56.56* sidereal time

Thus, the mean solar day is 3™ 56.56° longer than the sidereal day.

i
{
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8565 = 39,426 seconds

4 x 0
wowy 1,284 seconds

Thus
20 min. x 0.1642 =

30 sec. X 0.0027 = 0.081 seconds
d [}
_ 47 791 seconds |
Toml_df.:*):‘ c‘ l
Mean time jnterval = 4 20™ 30 ' :
Add acceieration = 42.791 }
l

idercal time interval = &7 12.791% . |
Si mirutes 50 seconds sidereal time inteng (,J

Example 1.26. Comvert & hours 40
corresponding mean fime interval.
Soluation.

T ot B 5 “wé will have 1o firs m%:‘
o conv

derea] tme to mean solfxr time,
the retardation at the rate of 9.8296" per sidereal hour. :

Thus, § hours x 9.8296 = 78.637 seconds :
40 min. x 0.163€ = 6.552 seconds i
50 sec. x 0.0027 = 0.135 seconds ’

I
Total =85.324 seconds =17 25.324° {

Sidereal time inerval = 8* 407 50°
Subpract retzrdation = 1™ 25.324°

——— ————————

Mean time imerval = &' 39% 24.676". '

1.9.4. GIVEN GREENWICH S . ;
FIND THE LOCAL SIDEREAL TIME AT LOCAL MEAN MIDNIGHT AT Ay
I

OTHER PLACE ON THE SAME DATE )
(ie. Given G.ST. a GMM, to find LS.T. a LMM.) .
From the disussions of the previous article, it is clear that if we have two cm:
one & 1o keep sidereal time znd other 10 keep mean time, the sidereal clock will comgt
us day in a shorer period than the _other. Since 24 hours of solar time are equl{

24 3% 56 56" of sidereal time, the sidereal clock will be continually gaining over the oz
clock ar the raie of 9.8565 seconds for every mean solar hour.
(s then the difference between the sidereal clock and the mean clock at that instant ©
LST =z LMM. will thee be the difference between these two clocks at the meis
under consideration at the instant. ) ‘

If the place is to the west of Greenwich, it will have
sfter the G.M.M. depending uporn *hie longiude of the meridian. Natural
there is L.M.M , the sidereal clock will have gained over the mean clock ar

98565 for every hour of longitde. Hence the L.S.T. at L.M.M. will be grea! #
the GST. at GMM. by an amount calculated at 9,8565" per hour of western lozgi®

0

its L.M.M. ~certain b¢
ly, by ¥
the ™

o r
|

IDEREAL TIME AT GREENWICH MEAN MIDNIGHT,T

The G.S.T. at GMI-

arLD ASTRONOMY
51
Similnrl)'-r“icf' l:v:annhl;i l:_,:; )\tdhc a'sr. of Greenwich meridian, the 1. MM will occur few
pours * GM.M.. depending upon the longitude of (he place The L S-
¢ lc sade of e plac e LST
at Lo M. will l.hcn be lesser than G.S.T. at G.M.M. at the rae :r 9.8565 seconds
per pour of longitude. Thus, we have the relation: f 9.85 =
LST at LMM.-= G'S-T- a G.MM. + 9.3565" per hour of lomgitude (W
+) sign if th i : VB
Use (+) sign if the longitude is to the west and (~) sizn if it s to *he cast
Similarly, s ' g t

LST. at LMN. =G.ST. of G.MN.+9.855" per hour of longitude . |
- ' E i
Example 1.27. If the G.5.T. of G.M.N. on a cerain = 16 '
tain day is 16" 307 12, what »

pe the LST. of LMM. at a place in longitude - dadaitiieac

(@ 160° 30°30" W of Greenwich (b) 160°30°30" E of Greemuich.

Solution »

(a) As the longitude is to the west, the event of which the time is required occurs

later manAG.M.M. by an amount corresponding to the longimude.

h m s

Now 160°= %. h=10 40 0

30
30'=— =
5 m 0 2 0

o300
Wr=T5s =0 0 2

42 2

Difference of. longimde in terms of time. =10
Thus, L.M.M. occurs 10" 42™ 2* mean time later than G.M.M. In the interval berween
LMM. and GMM., the Y will gain on the mean sun cor 9.8565 seconds per hour.
.. Gain in sidereal time :
10" x 9.8565 = 98.565 seconds
42™ x 0.1642 = 6.896 seconds
” 2% x 0.0027 = 0.005 second

Total gain = 105.466* = 1™ 45.466"
L.S.T. at LM.N. =G.S.T. of G.M.N. + Gain
= 16" 30™ 12° + 1™ 45.466"= 16" 31™ 57.456".

(b).Since the longitude is to the east, the L.M.N. occurs 10° 42 2*  mean tme

earlier than the G.M.M.
Hence L.S.T. at LM.M. = G.S.T. of G.M.M. - 9.8565"* per hour of eastern longimde
= 16" 30™ 12" - 1™ 45.466" = 16" 28™ 26.534".
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INSTANT, TO_ DETERMING 5,
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1.9.5. GIVEN THE LOCAL MEAN TIME ATA

5 {E . y
LOCAL SIDEREA ;r rmux pave two clocks, on¢ showing the mean. time ang
C S A

.4.pight, the mean time in the meaq
.09"" the sidereal tine. g t,h: IEC :}_S;a?hemﬁsnf% can easily be t':ompmcd i.f the Gc;?
L & o tm;; a-(-- .lzc-c is to the west of the Greenwich, the siderey) Clog
a G.M.M. is known. o n.;ca: 0 a LMAM, at the rate of 9.85§§ seconds per |
will ‘havc a galﬂ_ over bove. At any other instant at the ;l\'cn meridian, the meaq Cloql
as dxs-cusscd in § 1.9.4 ‘ha' lansed since the lower ransit’ of the sun over the meridiy,
will show the m‘i;,_‘?:;] c;nc ;I;' casily coaverted into sidercal time interval as discuggy
Enz T;ng 2$c Thus, the L.ST. at LM.T. will be e}:xualL ?TL.ier‘Litl ;:.M.M‘, oy
the sidercal time interval. Hence the rules for finding 1 es’i" a.: LM-M. . are;
(&) Fromthe given G.S.T. at GMM., calcu]a.te L-I- . d .
(5) Convert the given L.M.T. (or mean time interva? into sidereal time interyy
since L.M.M. '
(@ LS.T. st LM.T.=LS.T. at LMM.+S.L from L.M.M.

Example 1.28. Find the LS.T. @ place in longinude 85°20" E at 6"30™ py,
GST a GMN. being 6"32™12°. . :

Sohtion. .
Longitude =85°20' E !

At a given meridian,

b om
ge=Sp-s a0 0
20=8m=0 R

Looginde in hours=5 41 20 E :

Since the place is to the east of Greenwich, let us calculate the loss of sidere
time for 5* 417 20" of longimde,
s* x 9.8565" = 49.283 seconds
41" % 0:1642" = 6.732 seconds
2C* x 0.0027* = 0.054 second

Totzl = $6.069 seconds
LS.T. at LMN.=GS.T. at GM.N. - retardation
= 6" 32™ 12° - 56.069" = 6" 31™ 15.931* ‘ A
Now, LM.T. =6"30" P.M;
MT. interval from L.M.N.=¢"30™

Let us convert it into sidereal time inerval by adding the acceleration to the ©¢
nme imerval

ONOMY

piELD ASTR ?
Thus. 6" x 9.B565' = 59.130 seconds
30™ x 0.1642"° = 4,926 seconds
_
Total acceleration = 64.065" = 1™ 4.065°

Sidereal Time Interval = Mean time interval + acceleration since L.M.N.
= 6" 30" + 1™ 4.065" = 6" 31™ 4.065" -
Now L.S.T. at LM.N. =6"31"1503]"
Add S.I. since LM.N. =6"3174.065*

L.S.T. at LM.T. =13" 02" 19.996" = 1" 02™ 19.996" P.M.
1.9.6. GIVEN THE LOCAL SIDEREAL TIME, TO DETERMINE THE LOCAL MEAN
TIME

If e G.S.T. at G.M.M. is given, the L.S.T. at L.M.M. can be calculated as
discussed earlier. The L.S.T. at L.M.M. can then be subtractsd from L.S.T. to get the
number of sidereal hours, minutes and seconds past midnight. This sidereal time interval
can then converted into the mean time interval by subtracting the retardation at the rate
of 9.8296° per hour of S.I. thus obtaining the L.M.T. The rules are, thersjore :

“(a) Find the L.S.T. at LM.M. from the known -G.S.T. at G.M.M.

(t:) Subtract L.S.T. at LM.M. from the L.S.T. at get the S.I.

(c) Convert the S.I. into mean time interval, thus getting L.M.T.

Example 1.29. The local sidereal time at a place (Longitude 112 * 20" 15" W) is 18" 23™ 12°.
Calculaze ii.c. corresponding L.M.T. given that G.S.T. at G.M.M. is 8" 10™ 2%° . _.» Zay.

Solution .
Let us first convert the longitude into time units :
) h m s
o 12,
112° = 15 h=7 28 0
220 . 2
20'= T =0 1 20
15
"= =0 0 1
15 15 5
Longitude = 7 29 21

Since the place has west longimde.
LS.T. at LM.M.=G.S.T. at G.M.M. + acceleration.

Let us calculate the acceleration at the rate of 9.8565' per hour.
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7 0.8565" = 68.996 seconds
29™ x 0.1642% = 4.762 seconds
21% x 0.0027* = 0.057 sgcond
e
Total = 73.815" = 1™ 13.815°
b m )
9
G.S.T. at GMM. =8 10 ;g -
Add acceleraton = 1 .
L.S.T. at LM.M. =8 11 41.815 _ "'U]
h m s
28 12

Now local sidercal time =18
Submraer LST.atLMM. =8

S.I. since L.M.M. =10 16 30.185 ‘ )
let us mow convert this sidereal interval into mean time interval by subtractin

11 41.815

the retardation 2t the rate of G.8296° per bour.
Thus, 10" » 9.8296 = 98.296 seconds
16% x 0.1638 = 2.621 seconds
30,185 x 0.0027 = 0.081 second ’ .

Towl retardation = 100.998" = 1™ 40.998°
Mean time inrervel = S.1. - retardation .
= 10% 16™ 30.185 — 1™ 40.998"= 10" 14™ 49.187° since L.M.M

LM.T. = 10* 147 49.187".

1.9.7. ALTERNATIVE METHOD OF FINDING L.S.T. FROM THE GIVEN VALUE OF

L.M.T.

In the method discoesed in § 1.9.5 to convert LLM.T. to L.S.T., double computatiot
of time imerval was involved. In this alternative method only one transformation of th
ume interval is necessary. The sieps for the computation are as follows :

(@) Convert the given LM.T. to the corresponding G.M.T,, allowing for the difference
of longiude, This gives the interval in mean solar time that has elapsed since G.M.M

(b) Convent this mein time interval 10 sideral interval that has elapsed since G.MM.
by 2dding the ecceleration 2t the rate of 9.8565 seconds per hour of mean time incervdl

(c) Add the SI o the G.ST. at GMM. to get the G.S.T. at the instant undef
consideration. . ‘

(d) Convert this G.ST. w the corresponding L.S.T.,. allowing for the difference of
longitude.

ONOMY .
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Tf‘:us. mf the .above mthod.' though the theory is a little more complex, there is
only onc transfasrmation of a time interval so that the actual computation is a little shorter,
we shall work out example 1.28 by this method.

Example 1.30. Solve exampie [.28 by "the alternative method,

Solution.
Longitude =85"200'E=5"4}"20'E, as found earlier
LM.T., =4"30™ p.M.
. h m s
LM.T. =18 10 0
Subtract longitude = 5 a1 20
G.M.T. =12 48 40

M.T. interval since G.M.N.=12"48™ 40° - 12" = 48" 40",
Convert this mean time interval to sidereal time interval by ad -2 the acceleration.
48" x 0.1642° = 7.882 seconds

40" x 0.0027° = 0.108 seconds

Total .acceleration =7.990 seconds
Sidereal time interval = mean time interval = acceleration
'=48™ 40° + 7.990° = 48™ 47.99* since G.M.N.

h m S
G.S.T. at G.M.N. =6 = 32 12
Add S.IL =0 48 47.99
. G.S.T. at the given instant = 7 20 59.99
' Add " longitude - =5 41 . 200
L.S.T. at L.M.T. =13 02 19.99
=1" 02" 19.99° P.M.
" 1:9.8. ALTERNATIVE METHOD OF FINDING L.M.T. FROM THE GIVEN VALUE OF

L.S.T.
In the method discussed in § 1.9.6 to convert L.S.T. to L.M.T., double computation
of time interval was involved. In this method, only one transformadon of the interval is

Decessary. The steps for the computation are as follows . :
(@) From the known L.S.T., compute the corresponding G.S.T. by allowing for the

difference of longitude.
(b) From this G.S.T. calculated above, subtract the G.S.T. of G.M.M. 1o get the

sidereal interval that has elapsed since G.M.M.
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(c) Convert this sidereal interval into mean time interval by subtracting the retardatig,

sdereal  interval ;
at the rate of 9.8296° per hour of sidereal interval. )
(d) The mean time interval obtained in (¢) is thus the G.M.T. at the instant unger

consideration. Compute the L.M.T. by allowing for the differfhni: L
We shall work out example 1.29 by the altema(w? mef ko'd '
Example 1.31. Solve eample 1.29 by the alternafive method. . <

Solution - . .
Longitude —112020" 15" W="7"29" 11 w

. h m s

12

L.S.T. =18 28 ’ )
Add longitude =7 . 29 1

G.S.T. at the instant =25 57 . 33
G.S.T. at G.M.M. = 8 10 28
. .S.l. ‘since G.M.M. =17 47 05 )

Let us now convert this S.I. in mean .time interval by subt;acting the retardation.
17" x 9.8296 = 167.103 seconds
47° % 0.1638 = 7.699 seconds
5 x 0.0027 = 0.014 seconds

Total retardation 174.816 seconds = 2™ 54.816°

Mezn ume imterval = S.I. — retardation
=17"47™ 05™ - 2™ 54.816°
G.M.T. = 17" 44™ 10.184"
. Subtract longitude L 7" 29m o '
LM.T. = 10° 4™ 49.184"

1.9.9. TO DETERMINE THE L.M.T. OF TRANSIT OF A KNOWN STAR ACROSS THE
MERIDIAN, GIVEN G.S.T. OF G.M.N. . :

We have zlready seen that when a swar transits or culminates across the meridian.
the R.A. of the star, expressed in time, is the sidereal time, In the Nautical Almanac,
the astronomical co-ordinates of all the stars in terms of Right Ascension and declination
are given. Thus, knowing the R.A., the L.S.T. at the time of transit = of the star is
known. The problem is now to convent the L.S.T. into the L M.T, by the method described
in § 196 or in §1.9.8. The following are the steps :

.
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(@ Fh.]d the R.A. of the star from the N.A. This is then the L.S.T. at the time
of the transit of the suar. .

(b) From the known value of G.S.T. of G.M.M G.M.N L
oo LMM. ( or Lo, .M.M. or (G.M.N.), calculate the L.S.T.

(c) Subtract this L.S.T. of LM.M. from the L.S.T. of the transit of the star to
get the S.I. that has elapsed since L.M.M.

(d) Convert this S.I. to mean time interval which, then, gives the L.M.T. at the
transit of the star. ~

Exam.ple L32.  What will be the LM.T.’s of upper and following lower transit
at a pldce ‘in longitude 162° 30°15" W of a star whose R.A. is 22" 11™ 30", if the G.S.T.

of previous G.M.N. is 10" 30™ 15°. ’ -
Solution. ’
h m s
. . . 162
Longitude : 162°= T h=10 48 0 -
30
3 = — =
0 15 m= 0 2 0
- 15
15"= =5 =
15 s=0 0 1
10 50 1

Since the place is to the west, wé will have to add the acceleration to get the

L.S.T. at LM.N.

10" x 9.8565" = 98.565 seconds

50™ x 0.1642' = 8.210 seconds
1* x 0.0027' = 0.003 second

Total acceleration = 106.778 seconds = 1™ 46.778"

G.S.T. of GM.N. =10" , 30" 1.5
Add acceleration = 1 46.778
L.S.T. of LMN. =10 32 01.778
h m s :
Now R.A. of star= LS.T.=22 11 30
Subtract L.S.T. of L.M.N. =10 32 1.778
S.I. since L.M.N.=11 39 28

Let us now convert this S.I. into mean time interval by subtracting retardation,
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11% . ©.E305" = 108 178 sovonds
2907 . 0 1638" = 5.38F seconds
2232 = G007 Q078 sooond
e ———
<a) saconds = 17 58 sot
T 4 . = 114
Toml ressndancs 37 28220 - 17 8489
-dery
Mesa ome imerval =S.1 - reanead

L% 1=® 23 832t mace LMUN

11 37= 3632 P M.

LMT of wpper tansk =
N - TS

The ower trovsst ¢ the s wil 13tz :'--'-'Cf & ]I sdered - later. To Krow
sty cvmromfine meon Ome e & firs comvert N ]2 siderecl howrs IRi0 mean fime

IS

17+ @ §296" = 17 §7.958°

Reardswe for 12 bhous = .
Mexz fime pmerval = 12%-17 §7.955%=11" 58% 2.045
Thay the lowe towse occwry & & mean fme imenval of 11" 587 2.045° after the
-~ dgpe ol

LMT of spper tansk -::‘B.v 3:1632°
Add the meam tme iotenval o= 117 SET 20450

LMT of lowe masse = 23 3535677 Smoe LMN.
= 114 35% 35,677 ANL (following day).
Fxample 1.33. Caladoe the LMT. and G.M.T. of transit of P Draconis (R.A.
[TV 8% @) @ aplace in lompizude o0 30°E given G.S.T. of GMT. =7"30™ 48.6°.
k m H
60
Longitede r:c"=-j—§h=4 0 0

w;?_%-o 20

& * ¢
Since e plece hes cast longitude, lduscalcuhh:ﬂcrmrdzuonmmcrateof
$2565° per bowr
4%« GES6S" = 39 426 seconds
2 «0.1642" = 0.32% second

Toal rewardanon = 39754 seconds
LET a LMN =GST. &t G.M.N.- Retardation
= 7" 307 48 6' - 39.754" = 7" 3™ g _pag’

FIELD ASTRONOMY

-
h m s
LST=RA. of war - 17 28 40
Subtract L.ST. of LMN, - 9 n 8.844
S sicce LMN., - 9 52 31.154

Let us convert it to the mean time interval by subtracting the retardation

9" « 9.8296 = 88.466 seconds
587 x 0.1638 = 9500 seconds
31154 x« 0.0027 = D.0R4 second

Total retardation = 98.050 seconds = 1™ 233 05°

Mean time interval since L.M.N.= S. 1. - recodation = 9" 587 31.154" - 1™ 38 08

or LM.T. transit=¢" 56™ 53.104"
Subtract the longitude =4 2® o'
G.M.T. of transit =5 547 $3.104°

1.9.10. GIVEN THE G.M.T. OF TRANSIT OF THE FIRST POINT OF ARIES, TO DETER-
MINE THE L.M.T. OF TRANSIT AT A PLACE IN ANY OTHER LONGITUDE

We have already seen that the sidersal clock gains over the mean time clock a
the rate of 9.8565 seconds per mean solar hour or at the rate of 9.8296 seconds for
each sidereal hour. When the first point of Aries tramsits over the Greenwich, the sider=al
clock shows O" while the mean clock gives the mean time of the transit of the first point
of Aries. It is the difference between the readings of the rwo clocks at the time of
the transit. Now consider a place in west longitude where the tamsit of T will ke place
after certain sidereal interval of time (obtained by dividing the longitude by 15). Since
the sidereal clock continually gains over the mean time clock, the difference between mean
time clock and the sidereal clock will continuously go on decreasing. When the rranuf
of Y occurs at the given meridian, the mean fime clock will not be as far ahead of
the sidereal clock as it wes at Greenwich, and the Greenwich reading of the mean nme
clock will be diminished by subtracting 9.8296 seconds for each hour of longinude. Hence
if the meridian is to the west of Greenwich, the mean nme must be corrected by the
subtraction of 9.8296 seconds per hour:of longitude, and if the place iz 1o the sau, u
must be added. The rule thus becomes:

L.M.T. of transit of Y = G.M.T. of transit of ri%[q.m x L""s"““l;ﬂ degrees |

It must be noted that the difference berween the readings of sidereal and mean fms
clocks at any place is the same all over the World ar the same instan: At the ume
of transit of Y, the L.S.T is zero and hence LM.T. 5 the difference berween the two

clocks at the dme of wtansit
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: Aries (Y) on Ma
. the  first point of rek
Example 1.34. The G.M.T. of fransi of pot! : )
2is 13 21‘?5! Find the LM.T. of transit of the first point “of Aries on the same dqy
at a place (a) Longitude 40° 30°E (b) 40 ° 30" W.

Solution
Longitude = 40° 30" £
h m 5
40 0
o —h=2 40
= l.‘)’:1
30 0
)= =— =0 2
=15
—
=2 42 0

Gain of sidereal clock at the rate of 9.8296° per hour of longitude :

2" x 9,8296° = 19.659 seconds
42 x 0.1638° = 6.880 seconds

Total =26.539 seconds
h m S
21 M

(@) GM.T. of tansit of Y=13
Add the cormection
for eastern longitude =0 0 26.539

LM.T. of tramsit of Y=13" 22° 20.539*
h m s
() G.M.T. of transit of Y=13 21 54

Subtract the correction for
the western longitude =0 0 26.539

LM.T. of tansit of Y=13 21 -27.461

1.9.11. GIVEN THE L.S.T. AT ANY PLACE, TO DETERMINE THE CORRESPOND- -

ING L.M.T. IF THE G.M.T. OF TRANSIT OF THE FIRST POINT OF ARIES ON
THE SAME DAY IS ALSO GIVEN

We know that L.S.T. at auy lostant is the time interval that has elapsed since the

wansit of Y on the meridian. This L.S.T. can be converted into equivalent number of .

mean hours by subtracting the retardation at the rae of 9.8296* i

- . per sidereal hour. Also,
from the known G.M.T, of trapeit of Y |, the LM.T. of wansit of T can be calculated.
This LM.T. is pothing but the time shown by the mean clock when the sidereal clock

shows 0. Therefore, the LM.T. at the instant under consideration can be obtained bY

FIELD ASTRONOMY P

adding the mean hours (corresponding to the given L.S.T.) to the L.M.T. at the time
of wransit of Y. The steps therefore are -

1 (1) From the known G.M.T. of transit Y, calculate the L.M.T. of transit of Y by
method discussed in §1.9.10.

(2) Convert the given L.S.T. to mean hours.

(3) Add (1) and (2) to get the L.M.T. corresponding to the given L.S.T.

Example 1.35. The local sidereal time at a place (longitude 50° 30°E) on 17th
May, 1948 is 11" 30™ 12°. Find the corresponding L.M.T. given thar the G.M.T. of transit
of Y on the-17th May, 1948 is 7" 127 28°.

Solution
Longitude = 50° 30’ E
h m s
50
5 0= —— =
0 15 h=3 20 0
0

Total = 3 22 0

The correction at the rate 9.8296 per hour of longitude is '
3" x 9.8296 = 29.489 seconds
22" x 0.1638 = 3.604 seconds

Total correction = 33.093 seconds

G.M.T. at transit of Y =7" 2™ 28
Add the correction=0 0 33.093

r

L.M.T. at transitat Y = 7 13 1.093 (D)
L.M.T.= 11" 30™ 12, and may be converted to mean hours by subtracting the retardation.
11" x 9.8296 = 108.126 seconds
30™x0.1638 = 4.914 seconds
12° x 0.0027 = 0.032 seconds

Total retardation = 113.072 seconds= 1™ 53.072*
Mean hours = Sidereal hours - Retardation = 11" 30™ 12° - 1™ 53.072"= 11" 28™ 18.928*.__(2)
Adding (1) and (2), we get
LM.T.=7"13™ 1.093* + 11" 28™ 18.928" = 18" 41™ 20.021".

I
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E THE G.M.T. AT T
M.M., TO COMPUT HE
1.9.12. GIVEN THE SIDEREAL TIME AT G-M-%00 & o

OF A
NEXT TRAN IT.OFTHEFIRSTI‘OL\"T .
NE) S o* G.M.T. shows the qumber of sidereal hours that hay,
t Mo

. .l sidently take place 24 sig

Gt of Y will evidently fake erea]
The ni:: g:’hé_s_—r_ at G.M.M. be s sidereal hours. The,
i 5) sidereal hours after the G.M.M. These (24
-(he mean time hours which will give the GM.T

The given sidereal time 2
elapsed since the transit of Y. (
hours later than the previous fransi
the next transit will take place at §24
sidereal hours can be converted into

t next tramsit of Y. _ ‘
a Example 1.36. On July 12, the GS.T. df o" GM.T. is 8" 257 25" Find the G.M.T,

xample 1.36. 3 ) ‘
of the next transit of Y.
Solution
» t]
G.S.T. 2t GMM =8"25725 7 _
g 25™ 25° sidereal interval before G.M.M.

- Time of previous transit =
25% sidereal interval after G.M.M.

. Time of next transit = (24"-8" 25"
- 15" 34 35" sidereal interval of time.

To comvert it into the mean time interval, subrract the retardation
15" x 9.8296 = 147.444 seconds
347 x 0.1638 = 5.569 seconds

35° x 0.0027 = 0.095 second

Total retardation = 153.108 seconds = 2" 33.108°
Mean time interval = 15" 34™ 35° — 2™ 33.108° = 15" 32™ 1.892° since G.M.M.
G.M.T. of next transit=15"32" 1.892".

1.9.13. GIVEN THE G.M.T. OF G.A.N. ON A CER{AINDATE, TO FIND THE L.M.T
OF L.A.N. ON THE SAME DATE

The local apparent noon will occur before or after the G.A.N. depending upon whether
the longitade of the place is to the east or to the west of the Greenwich meridian. The
apparent time at the apparent noon is zero and hence GM.T. of G.A.N. is the equation
of time at Greenwich ar noon. Since the local apparent noon occurs either before or after
the G.AN., the equation of time will change and interpolation will have to be done. For
example, if the place is to the east of Greenwich, the L.A.N, will occur earlier and W¢
must know the difference berween the given G.M.T. of G.A.N. and the G.M.T. of G.AN.
on the day before, in order w do the interpolation. Similarly, if the place is t©

west of Greenwich, the L.A.N. will occur later and we must know the difference betweel

the given G.M.T. of G.AN. and the GM.T. of G.A.N. on the day after, in order 1@

do the interpolation. Once the correct equation of time is known, L.M.T. at L.A.N. ¢&@
be computed as ilastrated in example 1.37.

Example 1.37.. Given the following daia from the N.A. for 1951:

¥

FFLD ASTRONOMY P
Sun at Transit at Greenwich
prmm— P
G.M.T.
Date K
| m [}
June 30 12 02 . 22.44 -
+ 11.94
July 1 12 03 . 3438
) + 171
July 2 12 ; 03 46.09
+ 11.45
July 3 12 03 57.54
+ 11.16

Find the LM.T. of LAAN. on July 2 at a place (a) in longitude 130°E (b)
in longitude 49 ° W.

Solution. (@) “Longitude 130° E = % h=8"40"E '

Since the ‘place is to the east of Greenwich, the L.M.T. is 8" 40™ ghead of the
G.M.T. From the table, the difference between G.M.T. of G.A.N. on July 1, and July
2, is 11.71° (for 24 hours),

. Diff f b gom gt anmy 171)

. Difference for 8" 40" = (8" 40 )-—------—24 =4.23 seconds

By the inspection of the.table, it is clear that the values of G.M.T. are decreasing
as we go back from July 2. Hence this difference of 4.23 seconds should be subtracted
from the G.M.T. of G.AN. on July 2 to get LM.T. of L.AN. on the same date.

Thus, G.M.T. of G.AN. on July 2 =12" 03" 46.09
Subtract difference due to east longitude = . 423

“ LMT. of LAN. onJuly 2 =12" 03" 41.86'
(b) Longitude 49° w=g—h=3“ 16
Since the place is to the west of Greenwich, the LM.T. is 3" 16™ behind G.M.T.
From the table, the difference between G.M.T. of G.A.N. on July 2 and July 3
is+11.45% (for 24 hours).

Difference for 3" lﬁlﬁ =31 6m)[ 112.::5

Since the values of G.M.T. are increasing as the dates increase, the difference
of 1.56 “seconds should be added to the G.M.T. of G.A.N. on July 2 t get L.M.T.
of 'L.AN. on the same date.

Thus, G.M.T. of G.A.N. on July 2 =12"03"46.09°
Add difference due to west longitude = 1.56%,

): 1.56 seconds.

LM.T. of LAN. on July 2 =12"03"47.65"
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1.9.14. TO FIND THE LOCAL SIDERFAL TIME OF ELONGATION OF 4 Sty
T . : o 1.30) that
e vy (Flg.‘ L.O)l Sidereal Time.
Star’s hour angle + star's right @scension = Local
Star’s hou @ . star, add the westerly hour angle |
at its clongation. If the result j5 ,

Thus, w© get the LS.T. of clc-nsatimf‘:;e‘f“”
i A0 *

subtract the easterly hour angle) to the R I is megative, 24 hours arc addeqg t r:

p Ursae Minor is will elongate o B

than 24°, 24° are deducted, while if the resy
‘ i hich

Example 1.38. Find the LS.T. ai W ot " X
evening a.'pa place in latitude SO°30° N given that the R.A. of the gyq, M
1 507 52" and its declination is + 74" 22°

Solution

The right ascension
is bour angle at elongan

tar are given. Let us first calculy,

ination of the §
and the declinatio we have, from Eq N

on. When the star is at clongation,
tan® _ 120 50° 30

wn & ten 74° 22

log tan 50°30 = 1.0838955

log tan 74°22'=1.553102

cos H=

log cos H=15307933
H=170°9 18"
H=4"40"372"
Add R.A.=14 50 520

LST.=19"31"29.2"

Example 1.39. If the G.S.T. of G.MN, is 14" 30" 28.25°, what will be the i
of a star of RA. 23" 20" 20" at.a place in longirude 120°30° W at 2.05 AM. GMI
the same day ?

Solution
We know cthar, LS.T.=R.A. of star + Hour angle of the star.

From the sbove relation, the hour angle of the star can very easily- be found ®
by submacting R.A. of the star from the LS.T. of the event. The only problem, therefor
is 1o calculate the L.ST. corresponding to the given L.M.T., given the G.S.T. of G.MX

Let ws first calcdate the LS.T. of LM.N. '

Longimde = 120° 30 W =g8" 2" w.,

Since the place is 10 the west, we have 10 add the acceleration at the rate of 98%
per hour of longitude to the G.S.T. of GMN. 10 get the L.S.T. of L.M.N.

8" x 9.8565 = 78.85 seconds . '
2% x0.1642 = 033 second

Now

Tota! acceleration = 79.18  seconds

AFLD ASTRONOMY ”

G.S.T. of G.M.N.'= 14" 30™ 23 25

Add  acceleration = 79.18"
LST. of LM.N. = 14™  31™ 4743 (1)
Now GMT =2 s ¢
Subtract longitude = g" 2" 0
. L.M.T. of the event = 18" 37 ¢* (previous day).
LMN. (day of given GS.T. of GMN)=12* 0" 0
Subtract L.M.T. of event (previous day) =18" 3™ ¢

Mean time interval between the event = 17" 57" 0° and the L.M.N.
Let us convert this mean time interval to the sidereal fime interval by adding acceleration '
at the rate of 9.8565° per mean hour. —
Thus 17" x 9.8565 = 167.56 seconds
57" x 0.1642 =  9.36 seconds

Total acceleration =177.92 seconds = 2™ 57.92°
~ S.L between the event and L.M.N.= 17".57™ ¢0* + 2™ 57.92°= 17" 59™ 57.92° (before L.M.N.)

L.S.T. of L.M.N.=14"31™47.43*
= 17" 59™ 57.92°

Now
" Subtract S.I.
L.S.T. of event =20"31™ 49.51° )

Now HA.=L.S.T.-R.A.

: = (20" 31™ 49.51% - (23" 20™ 20%) + 24" = 21" 117 29.51°

(Note. 24" have been added to make the hour angle positive).
' Example 1.40. Find the RA. of the mean sun ar 5.30 AM. on July 28, 1964
in a place in longitude 75° 28’ W, and also the RA. of the meridian of the place. given
that G.S.T. at G.M.M on the given date is 20" 15™ 32.58°.

Solution.
We know that, L.S.T.=R.A. of the star - hour angle of the star.

Here, the mean sun is fictitious star.

Hence L.S.T.=R.AM.S. -+ hour angle of the mean sun.
But hour angle of mean sun= L.M.T.+ 12 hours
(since L.M.T. is measured from the lower transit).
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Hence, we have L.S.T.=RAM.S. +LMT.+12 we must know L.S.T. a
In order to calculate the R.A. of the mean sun, C e y

i .M.T. and the gj
of event L.S.T. can be very easily found from the given L ¢ given valy,
of G.S.T. of GMM.

h ¢m L]
itude = 75° 28' W=5"1" 52 . ,
) Now longi ? P 1 longitude, we will have to add an aCCeleranon .
Since the place is having Wes

_the rate of 9.8565° per hour of longitude to the G.S.T. of GGM.M. to the get the Ls
of L.M.N.

5"« 9.8565 = 49.28 seconds

1™ x 0.1642 = 0.16 second

52°x 0.0027 = 0.14 second

Total acceleration =49,58 secom#

G.S.T. of G.M.M. =20" 15" 32.58°

Add Acceleration = 49.58°
L.S.T. of LM.M. =20" 16™ 22.16'

Now LMT. of event =5" 30" AM.=5"30" mean time afier mid-night
To convert this time interval to sidereal interval, add the acceleration at the e
of 9.8565° per hour of mean time.
Thus, 5" x 9.8565" = 49.28 seconds
. 30 x 0.1642 = 4.93 seconds

Total acceleration =54.21* -
S.I since LMM. . =5"30%+54.21° = 5" 30™ 54.21*
LS.T.=LS.T. of LMM.+S.I
=20" 16" 22.16 + 5" 30™ 54.21* = 25" 47™ 16.37°

Now, by definition, the R.A. of the meridian is equal to the L.S.T.

Hence R.A. of meridian = 25" 47" 16.37°

Again RAMS.= L.S. T.-L, M. T, — 12"
= (25" 47" 16.37%— (5" 30™) - (12" = 8" 17™ 16.37".
1.10. INTERPOLATION OF VALUES '

The declination of a heavenly body is a constantly varying quantity and can be obtain?!

from the nautical almanac which gives the values at Greenwich me ; mid-night
. ’ : an and apparent
The nautical almanac gives the values of declination both for mean sun l:npnd apparent ?w

at G.M.M. and G.A.M. for every day and also the rate of hourly variation at Greed

FELD ASTRONOMY ) -

mid-night. To find the declination at any given instant of Greenwich civil time, it is necessary
0 inchOla"c bet\?feen '-hﬂ tabulated values. The required value may thus be obtained by -
(a) Simple livear interpolation between the successive tabulated values on the assumption
that the rate of changf is uniform and equal to its value at the middle of the interval.
(b) By interpolating strictly, taking higher order differences into account, by Bessel’s
method. The Bessel's interpolation formula is as follows :

ﬁ=ﬁ+nA'1,z+"—(Ll)(Ao"+A,") ...(1.26)

4

where fa=the value of the function which is to be found, and which lies between

fo and fi:
n = Fractional value of the interval between two tabular values.
A'=First difference  between
A" = Second difference

the successive values of the function.

Thus- f— —f=A'- r ’ "
f:‘ﬁ?=A'l/;n Ar”z_A-“’=A ’
fi-fi= 8y Hin= &in =85

where f_ . foo fio Sy eic. are the successive values of the function to be interpolated.

The method of. interpolation has been fully illustrated in the following example.

Example 1.41. Find sun's declination at 10 A.M. on February 5, 1947 in longtiude
45°E. )

Solution

"Let us first convert the.local time to. Greenwich mean time.

Longitude = 45° E = 3"
G.M.T.=10-3=7 hours =0.2917 day

n=0.2917

The following vaiues of sun's declination are obtained from the N.A.

Date Sun’s Declination at 0* G.M.T. Variation per day
Feb. 4 - 16°32' 11".2
+ 1067".2
Feb. -5 —16° 14' 24”.0
- : + 1083" .9
Feb. 6 - 15° 56" 20".1
. +1100".3
Feb. 7- - 15° 37" 59".8

From the above table, fy=value at 0" G.M.T. on Feb. 5 = - 16° 14'24*.0
f-1=value on Feb. 4 = - 16° 32'11".2
fi = value on Feb. 6 = — 15° 5620”1
fo=value on Feb, 7 =-15°37'59".8
Alia=f-1-fo=+1067"2
' A'va=fi - fo=+1083".9
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A= A'l/l -A_in= 1083.9 - 1067.2 =+ 16
A':,z=f:-f|=+1100'.3 .
A= A0 = 110073 - 10837.9 =+ 16".4
s formula, we Bet
ny = 16° 14 2470 + 02917 (+ 1083.9)

7(0.2917 - 1
- _0_2_9_1__(_?————)- X (16".7 + 16"0

o 16° 14" 2470+ 31615 = 1771 =~ 16° 9 gu

Putting the values in the Bessel'
nn=1) ..
ﬁl=ﬂ:+"0'l/1+-—-——(4 (A" + &1

ur dates from which the interpolation is done should be so selegy

two middle dates. ‘ .
approximate method (linear interpolation) vy

Nete. (1) The fo
that the instent lies between the

(2) The value of the declination by the ey
be equal to - 16° 14" 247.0 + 0.2917 (1083".9)=-16°9'7".85.
1.11. INSTRUMENTAL AND ASTRONOMICAL CORRECTIONS 'TO THE OBSERVE)

ALTITUDE AND AZIMUTH
(A) INSTRUMENTAL CORRECTIONS .

The angle measuring instruments used id astronomical observations are theodolite ay
sextant. For precise work, a theodolite having 2 least count of 1" (or less) is used. Ty
theodolite should be in prefect adjustments. However, following are some_of the instrument
corrections that are generally applied to.the observed -altitude and azimuth.

(@ Corrections for Altitudes 4 .

(1) Correction for Index Error. If the vertical circle verniers do not read zn
when the line of sight is horizontal, the vertical angles measured will be incorrect. Tk
error is known as the index error. The index error can be eliminatéd by taking bod
face observations. However, it may sometimes not be practicable to take both face observation
when the altimde of a star or the sun is to be observed. In such a case, the correcti
for the index error is necessary. . . ~

The index error may be determined as follows :° , .

(i) Set the theodolite on firm ground and level it accurately with reference to altiné
bubble. -

(i) Bisect a well-defind object such as a church spire (or a chimney top) with &
telescope normal (face left). Observe the vertical angle o,

_ (iti) Change the face and bisect the same object again with telescope reversed (fax
right). Observe the vertical angle a,.
Let the index error be e.

.- Correct vertical angle will be

a=(G.54) and a=(a~e)
al@tat(m-o ate
2 S22
Thus, the correct vertical angle is the mean of the two observed a ngles.

AELD ASTRONOMY o

Hence e=(a-a)

For example, let o =4°15'8" and q,=4°15 16"

. Mean vertical angle = =4°15 12"

Hence, the index error correction for face left observation =+ 4”

Hence, the index error correction for face right observation = —4”

The index error correction is said 1o be +ve or —ve according as this amount
is fo be added to or subtracted from the observed altitude.

(2) Correction for Bubble Error. If the altitude bubble does not remain rentral

while the observations are made, the correction for bubble error is essential. The correction
for bubble error is given by

_>C=w——z€xv seconds .(1.27)
where ~ C=correction for bubble error in seconds, to be applied to the rmean altimde
observed. -
L0 =the sum of readings of the object glaés end of the bubble.
LE =the sum of readings of the eye-piece end of the bubble.
n=the number of bubble ends read ( =2 when single face observation

is taken, and 4 when both face observations are made).
v=angular value of one division of the bubble in seconds.
If O is greater than IE, the correction is positive, otherwise negative.

(b)) Correction for Azimuths

Since most astronomical observations require the line of sight to be elevated through
a large vertical angle, it is important that the horizontal axis shall be truly horizontal.
To fulfill t&'s. it is most important that (1) the instrument is accurately levelled so that
the vertical axis is truly vertical and (2) the trunnion axis is exactly perpendicular to the
vertical axis. If the vertical axis is not truly vertical (i.e. if the bubble does not preserve
a central position through a series of observations), the trunnion axis will be inclined even
though the instrument is in perfect adjustment. The error due to the inclination of the
tunnion axis cannot be eliminated. However, its inclination can be determined by means
of a striding level with a sensitive bubble mbe. ‘ .

Correction for Trunnion Axis Dislevelment, The bubble readings on the striding
level will show whether the trunnion axis is truly horizontal or not. If not, each horizontal
direction should be corrected for trunnion axis dislevelment. It can be shown that the correction
o be applied to the azimuth of a low point with respect to a high point, caused by
an inclination of the trunnion axis of the transit is given by

c=btan c seconds

¢ = correction to the azimuth .
b = inclination of the horizontal axis of the transit with respect to the

horizontal, in seconds
o = vertical angle to the high point.

where
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The inc under : '

vale of b can be determined as _ ,

Let /, and r, be the left hand and right hand readings of the bubble ends j
1 1

. ()]h
position, and I, and r, be the left hand and right hand readings of the bubble epy, N

the second position. of the striding level

Deviation of the centre of the bubble from the centre in the

first position =g b
Deviation of‘ the centre of the bubble from the centre °f the striding leve] jy the
second position :#
The mean devimon of the cemre of the bubble from-the centre of the gy ding
(ll*'lz)'(’l""z):lt:l_ﬁ
- IS 3

=1 L-r
ll'll. h,k 1}

lev:l:i_ 3 3

Il-Zr

Inclinetion of trunmion axis in seconds = b = xd (L2
where  J=angular vale of ome division of the striding level
Si=the sum of the readings of the lgft hand end of the bubble in the direq
and reversed positions of the striding level on the trunnion axis, )
Ir=the sum of the readings of the right hand end of the bubble in the direy
and reversed positions of the striding level on the trunnion axis.
The lefi-hand end of the axis will be higher if I/ is greater than Zr, and lower
if I is less than Ir, ' 4
If the observed angle is the angle of elevation, the correction will be positive whep
the lefi-iand end of the axis is higher and negative when the lefi-hand end is higher.
If the observed angle is the angle of depression, the.correction will be positive when
the right-hand end of the axis is higher and negative when the lefi-hand end is higher.
The horizontal circle reading for each direction should be corrected scparately and
then the borizomta! angle should be obtained by ‘subtraction.
(B) ASTRONOMICAL CORRECTIONS
The observed or apparent altitudes of the celestial bodies like the sun or stars should
be subjected to the following corrections:
I Correction for parallex 2. Correction for refraction
3. Correction for dip of the horizon 4, Correction for semi-diameter.

due 1o the difference in direction of a "heavenly bod

[ y as seen from the centre of the
carth and from the phct_: 9! 9bscrvauon on the surface of the earth. The stars are Very
far and the parallax is insignificant since rhe direction of rays as seen from the earth’s
surface and as seen from the centre of zhc carth are practically parallel. However, in ¢
case of sun or moon, the parallax is significan ang Proper correction should be applied

- inversely with its distance from the centre of the

FIELD ASTRGNOMY . . T

Fig. 1.35 illustrates the sun's parallax.
O =Centie of the carth ; 4 - Place of observation
§ = Position of the sun during observation: §' = Position of the sun at horizon.
OC = True horizon :
\ AB = Sensible horizon
«' = £ SAB= Obscrved altitude
a=<£50C=True altitude, corrected
for parallax; z
Pa= ZASB = Parallax correction
pr=AS'0 = Sun’s horizontal parallax,
When the sun is on the horizon, its apprarent

or observed altitude is zero, and the angle
(py) subtended at the centre of the sun is known

as sun’s horizomal parallax.

Sensitie horzen S
S

Evidently, sin p,,.—_—% \  Twehorzon €

Thus, the sun’s horizontal parallax varies

earth, It varies from 8.95" early in January to

i is given i : . L N'S PARALLAX.
8.66" early in July, and is given in the Nautical o, 8.

~ Almanac for every tenth day of the year. The mean value of the sun’s horizontal parallax

is 8.8". ,
Now true altitude a=8S0C=SBS'=8S4B+ ASB=a"+ p,
‘Hence parallax corr'ecq'on =(a-a)=ps
From tiangle AOS,  sin ASO=sin 04s . 24
i prwiin nOA_ o 04
or , smp..«-sm(90°+a)os—cosu - 08
OA OA .
Bat os o5t
sin pg = sin p; cos a' ...[1.29 (a)
Since p, and p, are very small, we have
' Pa=prcosa’ L1299 (a)

or correction for parallax = horizontal parallax x cos apparent alfitude = + 8.8 cos @’ ...(1.29)

The correction for pai‘all&x is always additive. The correction is maximum when the
sun is at horizon.

2 Correction for Refraction. The earth is surrounded by the layers of atmospheric
dir, The layers get thinner and thinner as its distance from the surface increases. When
& ray of light emanating from a celestial body passes through the atmosphere of the earth,
the’ ray is bent downward, as shown in Fig. 1.36 and the body appears to be nearer

i the zenith than w actually is.

"
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The angle of deviation of the ray from 1ts
direction on entering the carth's atmosphere o IS or star
direction at the surface of the earth is called thC
refraction angle of carrection. The refraction correction
is always subtractive to the observed altitude. The
magnitude of refraction depends upon the following:
() the density of air

(&) the temperature
(tif) the barometric pressure

,and (iv) the altmde.

It is constamt for all bodies and does not
depend upon the distance of the body from the
observer.

At 2 pressure of 29.6 inches of mercury and
2 temperature of S0° F, the correction for refraction
can be calculated from the following formula :

Correction for refraction (in seconds)

=58"cota =58"tan z (130 - Fid. 13
where o =the zpparent zltiude of the beavenly body

z=the apparemt zenith distance of the heavenly body.

The correction for refraction is always subtractive.

The valuss of mezn refraction for different altitudes are given in Chamber’s Mathematical
Tables corresponding to barometer pressure, temperature of external air and temperature
of thermometer amached 1 bzrometer,

The refraction correction for low altimudes is uncertain and hence observation for precise
determination should never be taken on 2 celestial body which is nearer the horizon. The
refraction, however, does not affect the azimuth.

3. Correction for Dip of the Horizon. The angle of the dip is the angle between

i :'bis;ﬁer_ved altituda

REFRACTION.

the true and vitible horizon. When the observations are taken with the help of a sextant

at the sez, the altimde of the star or sun is measured from the visible horizon of the
sez. Owing to the curvature of the earth, the visible horizon is below the true horizon.
Hence, the angle of dip (i.e. the angle between the two horizons) must be subtracted from
the cobserved altiude of the body.
In Fig. 1.37,
A =position of the observer
AB = h = Height of the observer above sea level
S = position of the sun or star
AD = visible horizon
AC = true horizon
£5AD = a’ = obsgrved altitude of the sun or star
LSAC = @ = true altitude of the sun or star
LCAD = = angle of dip

. FIELD ASTRONOMY

' R=radis of the earth
Now, BO=R,A0=(R+h)

,4.D=‘J(R+h)’—k’
LCAD = ZAOD = B

_AD _NR+H -R .‘,h(22+h)
_OD- R - Rl

...(exact) ...[1.3]1 (a)]
2h .
or tan B = F...(approxlmately)...[ljl (b))

If B is small, we _many have

tan B = P . (radians) = ‘\] % ..(1.3D)

The correction for dip is always subtractive. £1G. 1.37 D:; OF “HF ORIZON

4. Correction for Semi-diameter. A ' e

The semi-diameter of the sun or star

is half the angle subtended at the centre

of the earth, by the diameter of the

sun or the star. Since the distance

of the sun from the earth is not constant

throughout the year, the semi-diameter

varies from 1546” in July to

_ 16'18” in January. Its value at its

mean distance from the earth is

16’ 17.18. The Nautical Almanac gives

the values of sun’s semi-diameter for
every day in the year:

As the sun is large, its centre cannot be —
sighted precisely, and it is customary to bring
the cross-hairs tangent to the sun's image. When

the horizontal cross-hair is brought tangent to (a) Lower fimb (o) Upper kmb
the lower edge of the sun, the sight is said

to be taken at sun’s lower limb [Fig. 1.38 (a)].
Similarly, when the horizontal cross-hair is brought
tangent to the upper edge of the sun, the sight

FIG. 1.37. (a) CORRECTION FOR SEMI-DIAMCTER.

is said to be taken at sun's upper limb [Fig. (c) Right limb KiLat v
1.38 (b)]. Figs. 1.38 (c) and 1.38 (d) illustrate
the observations taken to sun’s right limb and
left limb respectively. O O
In Fig, 1.37 (a), OA is the ray corresponding
to the lower limb of the sun. The observed altitude _
@, is evidently lesser than the correct altitude © "
} . Similarly, OB is the ray corresponding to FIG. 1.38. OBSERVATION TO SUN
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the upper limb of the sun. The observed altiude @, is evidently more then the Correq

]

altinde «. If % is the semi-diameter, we have

Y -t
a-u.+2—ux. 2

When a horizontal angle is messured fo the sum’s right or left limb, a correctiop

to the sun's semi-diameter times the secant of the altitude is applied.

Thus, correction for semi-diameter in wzimith =semi-diame(er. x secant a. -
Example 1.42. Determine the value of horizontal angle berween Iwo poinis A ang
B, the observations for which were made with a theodolite i which one division of tpe

striding level corresponds to 207. . '
opjesy At Vercalangle  Srdng el ersa
{ r I r
A 32°41°30 +10°2°12 u- 7.5 105 8
"B 110° 28" 42" -2°18"30" 11.5 7.0 100 7.5

Except for the adjustmens of transverse axis not being perpendicular to the vertical
axis, all other adjustments were correci. : .

Solution. A

Let us first find the value of b.

(a) Observations of A : Tl=11+105=215 ; Zr=75+8=155
Il-Zr 215-155

X B B

Thus, the left end of the axis is higher.

o, The correction ¢=btana =30 tan 10° 21' 12" = 5".48 seconds. Since the vertical
angle is the angle of elevation and the left-hand end of the bubble tube is higher, the
correction is positive. )

Corrected azimuth = 32° 41° 30" + 5".48 = 32° 41’ 35”48,
(b) Observation to ‘B : El=115+10=215 ; Zr=70+7.5=14.5
TI-Zr , 215-145 .
b= i d= r

Thus, the left end of the axis is higher, :

The correction c=btana =351tan2° 18’ 30" =1.41 seconds,

Since the vertical angle is the angle of depression and the left-hand end of the bubble
mbe is higher, the correction is negative, , '

Corrected azimuth = 110° 28’ 42"~1*.41 = 110° 28’ 40".59
Hence horizontal anglebetween A and B=]]0"28 40".59 — 32 41’ 35%.48 = T7° 47 5711,
Example 1.43. To determine the index error of a theodoli
. ’ te, a church spire Was
sighted amf the face left and face right observations were 18 ° 36" 48* and 18° 357 56" m;ecllveb-
A face right observation on the sun's lower limb was then made and the altitude WO

13

x 20 =+ 30"

x 20 = + 35"

OMY
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found 10 be 28°36°20". The semi-diameter of the sun at the time of observation was

15+59 ".35. Find the true altitude of the sun.
Solution
The observed altitude of the sun is to be corrected for
() index error (i) semi-diameter ({if) refraction
() Corrections for indiex error
Mean of the vertical angle readings =%(185 36’ 48" + 13° 35' 56") = 18° 36’ 22"

Index emror for the face right reading = 18° 36' 22" — 18° 35' 56" = + 26
The observed altitude of the sun = 28° 36’ 20” ’
Add index correction = 26"

(iv) parallax.

Altitude of sun corrected for index -error = 28° 36’ 46",
() Correction for semi-diameter
Since the lower limb of the sun was observed, the correction is positive,
Altitude of sun corrected for index error = 28° 36’ 46"
Add semi-diameter = 15’ 59".35

Altitnde of sun corrected for index eeeor and semi-diameter = 28° 52’ 45".35

(ifi) Correction for refraction

The correction for refraction is always subtractive and is equal to - 57" cot 28° 28’ 46"
=—1'44" 48.

(iv) Correction for parallax .

The correction for parallax is positive and is equal to 8.8 cos 28° 36" 46" = + 7”.80
Altitude of sun corrected for index error ’
and semi-diameter
Subtract refraction correction

.

=28° 52'45".35
1" 447, 48

]

28° 51' 0”.87
' = 7".80

"

Add parallex correction

Correct altitude of the sun = 82° 51' 8".67
1.12, OBSERVATIONS FOR TIME

The observations for determining the local time consists mainly in finding the error
of watch or chronometer which is read at the instant the observations are made. If the

chronometer keeps the sidereal time, it is required to determine the hour angle of the
Vernal Equinox (or a star) at the time of observation. Similarly, if the chronometer keeps
the solar time, it is required to determine the hour angle of the centre of the sun at
the instant the observations are taken. Determinations are made from meridian or ex-meridian
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ter time and the ume determined from

uld be added algebraically 1o the reagjp,
The correction is positive when g,

observations. The difference between the chronome
n and sho

the observation gives chronometer correctio _ :
of the watch to give the true time at !hc'mstan.
chronometer is slow and negative when 115 Jfast.

The following are some of the methods usuall
time : -
(1) By meridian observation of a star or th
(2) By ex-meridian altitude of a sﬂu:r or the sun.
(3) By equal altitudes of “star or the sun.
T[Ml}-‘: BY MERIDIAN TRANSIT OF A STAR
The application of this method requires a l_cno?vl-
edge of the local longitude and a previous F!etcrmmanou
of the direction of the meridizn. This forms the
most direct method of obtaining local  time an_d
is used for primary field determinations. The bas_ls
of the method is the fact that when a star transis.
the meridian, its bour angle is zero and local sidereal
time is equal to the right ascemsion of the star.

In Fig. 1.39, ZP is the observer’s meridian
and M is the position (in general) of a star.

ZSPY = Local sidereal time

ZSPM = Hour angle () of the star

(measured westward)
ZYPM =R.A, of the star.

Evidemly, ZSPY = ZSPM + ZYFM
or L.S.T.= "Hours angle +R.A.

.M, is the position of the star when it crosses the meridian, and its hour angle
(H) is zero. Thus,

y employed for the'dctcrrhination of

e sun. (By tramsit of a star or sy

1 (a)

-{m

o

FIG, 139

LS.T.=R.A. .

The right ascensions of various stars are given in the Ephemeris for the date.

The star is observed with a theodolite, the line of sight being directed along the
known direction of the meridian. The chronometer is read at the instant the star transis
~across the vertical wire. The chronometer error is then determined by comparing the true
sidereal time (equal to the right ascension) of the star with the sidereal time kept by the
watch or chronometer. If the chronometer is keeping Greenwich sidereal time, it is necessary
to apply only the local longiude to the right ascension of the star to obtain the true
Greenwich sidereal time. If the chronometer keeps the local mean time, the local sidereal
time determined above is converied into local mean time by method discussed earlier 3{‘“
the error of the chronometer is determined. Generally, the chrommeter erro- 's ‘found 9
this way on two different days and average daily rate of error during the period is found
by dividing the change in the error by the number of days elapsed.

FIELD ASTRONOMY -

t. (» TIME BY MERIDIAN TRANSIT OF THE SUN

\.Vhen the sun is obserch on the meridian of the place at upper transit, its hour
apgle is zero and the L.A.T.'IS 12 hours. The transit of the sun is observed with a
theodolite and the times at which the east and west limbs of the sun pass the vertical
hair are noted by means of the chronometer. The mean of the two readings gives the
mean time at x-he local apparent noon. If only one limb is observed, allowance must be
made for the time that the semi-diameter takes to cross the meridian. From the Nautical
Almapac, we can find- the G.M.T. of G.A.N. for the given date, from which the L.M.T.
of L.A.N. may be found. This L.M.T. of L.A.N. can then be compared with the chronometer
time at the instant of the observation to give the error of the chronometer.
Error in the Observations of the Meridian Transit of Star or Sun

The method ot: n.xeridian transit of a star or the sun, though simple, is not very
much used because it is impracticable to secure that the instrumental line of sight lies
exactly ‘in the plane of the meridian. The observed times are subject to the following three
principal corrections :

() The Azimuth Correction

If the instrument is in accurate adustment, but the direction of the meridian is in
error, the line of sight set out along the meridian will pass through the zenith of the
observer and not through the celestial pole. The correction is given by
N Azmuth correction = e sin z sec &5 :
e=-error of azimuth in seconds of .time
z = zenith distance
8 = declination of the star.

e is considered positive if the line of sight it too far east when the telescope 18
‘pointed south, and is negative if the line of sight is too far west. It can be shown that

where

- if the latitude of the place is 30° and the polar distance of a star is 40°, an error of

I minute of arc in the direction of the meridian will make the time of transit wrong
by two seconds. The method, therefore, requires the meridian to be set out very accurately.
The error is very greatr if the polar distance of the star is small, and {s least for
those that transit near the zenith. )
(i) The Level Correction
If the horizontal axis is not perfectly horizontal, the line of sight may depart considerably
at high altindes. Due to this, the transit will be observed either too scon or too late
according to the direction of tilt of the transverse axis. The correction is given by :
Level correction = b cos z sec & _ A
b = inclination of the horizontal axis in seconds of arc (determined by the
readings of the striding level) and is positive when the left (or west)
end of the axis is higher
z = zenith distance
&= declination of the star.

where
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'(rﬁ‘ti 'nl:e qom;::ﬁ;OTMHEw,n- when the line of sight is not perpendicyly
collimanon 4 - .
o the borizontal axis. The correction is given by *
Collimation correction = csec & .
where c=error of collimstion in seccx-)d‘s of time
sight is to east of the meridian, and D€
§ = declination of the siar.
2 ' EX-MERIDIAN OBSER <
2. (@ TDME BY ¢ time by ex-meridian observation of a star or sun is the mog
mr:n and suit::fl)? :-,abc\i e surveyor. The method, in its simplest form consists
gnwobsc-vir the alzit;..;: of the sar when it is out of the meridian and at the same time
o"-scr\" ::ér: chropometer of the star and iis altiude ; the hour angle can be computed
B m:“i,r,m of the azswonomic | trizngle. The local sidereal tme Can.t.hen be. known
by a..a.meAA'-’ ‘:bc westerly hour zngle to the RA. of the sar. The local s1<?ereal time can
be comveriad imo -loa.l mean time and the error of chronometer (observing mean solar
time) can be found. ) .
In the sswonomical miangle ZPM (Fig. 1.15), we konow the following three sides:
ZP = co-latimde = (90° -B) =¢ (s3y) 3
MP = p = polar distaace = (50° - 8)
/= = zenith distance =(90° - a) A
/MPZ = H = hour angle which can be computed from any one of the
following formulae :

taken positive when the line of
gative when it is to the west),

VATION OF A STAR

H sin (s—c¢).sm(s—-p) . _g:-\/sin(:-c).sin(s—p) Ca

=3 sins.sn(s—2) ) =3 sinc.smp -2

o H_\[sms.sG6-9 o oy Sna-snBsind o
2 sinc.smp cos 6 cos &

where xzé(:-rc’p)

It should be noted thar if H is near 10 0°or 90°, the tangem formula is the best
one o adopt since © gives more precise resull, :

In the field observation, the zlimde has to be observed and- refraction correction
must be zpplied. Due to vrcerzindies in the refraction for low altimdes, the star observed
should have an altrude of ar Jeast 15°, ‘ .

When the star is in or near the prime vertical, is  alfiude changes more rapidly
and the gtar f.mul_'.'. be observed  at this time since it gives more accurate results. The
inflsence of error in observed altiide 2s well as in the value of the alttude, is a mInimUD
when the star s zcnually on the prime vertical. To minimise the errors "of observation.
several zlumdes of the sur are observed in quick succession and the chornometer HME
of such ctservation is recorded. Half of the obeervations are taken with face lefi M

half with the face right. If the gbservations are completed within a few minutes (say 107

it will suffice for most ordinary work if the mean of the chronometer (imes is taken ¥

FIELD ASTRONOMY -

the time for t.hc'mean altitude. The motion of the star in altitude is not however, exactly
Pmpanfonal to time. More accurate results are obtained when two stars are observed. ome
cast and the other west of the meridian, thus eliminating the instrumental errors.

When the star is observed on its prime vertical, the hour anmgle is given by
tan declination tan &
tan latitude =un9
Knowing the hour angle (in degrees), the L.S.T. is calculated from the formula :

H
LS.T.=R. A. :tE

Plus sign is used when the star is to the west of the meridian and minus when
it is to the east. Knowing the G.S.T. of GM.M. (for G.M.N.), the L.S.T. can converted
to L.M.T. and the error of the chronometer keeping the mean solar time can be computed.
2. () TIME BY EX-MERIDIAN OBSERVATION OF THE SUN

The procedure of observation of the sun is the same as in the previous case. The
altitude of the lower limb is observed with the telescope normal, and then the altitude
to the upper limb is observed with the telescope inverted. The watch time at the instant
of each observation is noted. The balancing is affected by measuring a succession of
alitudes both in the morning and afternoon, the most suitable timings being berween 8
and 9 A.M. and between 3 and 4 P.M. In each set, a minimum number of four observatons
are taken — both face observations of upper limb and both face observations lower limb.
If the sun is not very near the meridian and if the observations extend over only a few
minutes of time (say 10™ ), the mean of the observed altiudes may be assumed to correspond
to the mean of the observed times, thus neglecting the curvature of the path of the sun.
The mean of the altitudes must be corrected for index error, refraction. and parallex, and
for the semi-diameter if only one limb is observed. The hour angle of the sun can be
calculated from the formula :

cos H=

H_4fsin(s-c)sin(s-p)
2 sin 5 . sin (5 - 2)

The above formula is more convenmient for logarithmic computations. Then, if the
sun is to the west of meridian,

tan

L.AT. of observ:don'--f—; since local apparent noon.

When the sun is to the east of meridian,

L.A.T. of observation =(24‘ --11—{5) since local apparent noon
=(12‘-%] since local spparent midnight.
The L.A.T. can then be converted into L.M.T. by methods discussed earlier.
In the above computations, a correct knowledge of sun's declination (3) is required.
For the computation of sun's declination for the mean instants of observation, a knowladge

of local time is mecessary. Since the local time is being ‘determined, the computation of
H should be performed by ‘successive approximation. However, if the wawch is not more
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/than 2™.or 37 in.the crror: the  resulting €fror i0 computing ! the' declination’ will ngy,
2" or.3", and -recalculations -are not necessary: if © bservations are made with small ingy, N
rréct and” the - ' chronometer “time’, ne 8

If greater discrepancyis-found between the co 0
is used «for: a -better - interpolation of .8 -and the the compuratiodo of  His "’p"a‘cd"wnh%

new value. Also, a kmowledge of the latitude of .the -place. is essential for the compugy
of H. The precision in the knowledge of the, latitude of the_place depends upon the precmu'J
in the observation of altiude and,also upon the, ime 3t Which qbservation. is . made, WI:
the sun is near the prime vertical, the effect "of an error in latitude is  small,
The error of the watch on local mean time is -then" equal ‘to” the difference bey,
the time of, obseryation by waich and the time of obscn'all(m s determined by Calculation,
. The obscrvauon is ‘often combined , with the obsefyation of ¢ thc sun‘ fi _[azxmu(h,, the w‘!ch

readings and altitude _readings , being . common [0, bOF,h aft boe T Mg,
Bookmg of , ﬁeld Observauonsu FUAREO VA Ya 3ial SV
. The field, observauans arc, usually entered, ig, the ”ﬁe.ld ‘book; in., the, f°"°\"'-“8 form:
(Table 1.1). bas L lsmon o st £ gyisetlo of dmil 13wes! di 10 shiml
e A pyeedo el dmil ysgqu b o
A s 5 B , ] L'“‘tmtdrAll‘ll . (,--_:!1\1 rnli.j;&l'mlnu‘, :‘: 1,_‘,._-*,.:‘7‘
. 'Star ! |Face[ = - - -]-° S V. o 'l ”Mein’ofﬁmt
'dt"rud. ot 3} edidia B 5 = .4.‘!5'."' ﬂ‘ “".‘":}";kw "' r.r..'*s‘.'»';r-}:f &sm‘s M, n'v biis
" - A A L LN P o) et I e holom. |, s A I;l-, i
@ optuchi [ ]38 130 [0 | 30 |40 |38.30 130} oo b doma ] @by a5k 30 baudio
o oor |37 | 26430126 {10 j37. )26 20 jo| 27 |130 feem| i)
i |om | 36130 [0 20 |36 %0 i i e e I il
i il iy W, ok} S TEREY iCORE GG (FHE 1) FAN E ] 115 P | O P LN
1L 135750 110 | 30 ] 00’ 38 S0 1 s )7 38 | 05 |. 7. |29 46

3. (@ TIME BY EQUAL ALTITUDE. OF A STAR;

In this method, 2 star is -observed atithe § same alutude on opposite sides of
_meridian.  The mean. of the mwo, chronometer, umes,. ax.”wb;ch, a star attains ; equaly altitudes
observations are clearly made at equal Of p'au.su,nsmqe s
intervals of time before and afierthe Star's:
meridian transit. The method is, therefore,
very simple and accurate and is used
when the direction of ;the  meridian is. '
not accurately known. The altitude of the
star peed not be determined and, therefore, .
oo correction is required for refraction. :
The observations must be ' made ‘when ‘the: /[
star is pear the prime vertical so thar F
its altitude changes rapidly, When  the
star crosses the meridian, its hour angle
is equal'w' zero and its right ascension

¢l

*/ FIG. 1.40.-TIME BY EQUAL ALTITUDE.

LD ASTRONOMY =
erefore the local sidereal; time.. The. local sidereal time so obtained may be converted
i ean time which can then b
o local ™ e compared with the mean time of the chrc{nometer
durins the observations, and the error of the chronometer can ' be 'known. Lot
To {make the’ bbservahons. the following ' stéps' dre ‘necessary :
Set up the instrument on firm ground rand level it-accurately i

(o)
(2) Compute the approximate altitude of the. star-and.;set it on the vertical circle.
3) Follow the motion of the star in, azimuth wnh,lhe_ycmcql crogs- -hair by
o means of horizontal tangent screw. R
O Note the chronome(er nme (T.) When the star crosses the ‘horizontal ~hair.
(5) Turn’ the mstmment in_, azu:mnh and agam follow ‘tha star wherr’ the" “star
dpproaches the same altitude’ 1o the “other'“side - of ' the meridian.
(6) Notc the chronometer time (T,) when me star cxosses the horizomal. bair.

Mean ume of transit of the star = = (T,+T,)

TR |
n is very important to note that dunng ‘the" above Observauons the face of the theodolite
is’ not changed "However, “the- altitude ‘bubble” ust - be acturately: centredd by -means of clip
to each Tobsérvation, VFor ‘accurate “results,)! a' series of. obscrvauons are. madc

screws pnor
JiheiSabl SHRNS R 9T smor o s sigmm ok o\ e S
In Fig. 1.40, the dotted circle shows the® daily path of- the stat mund the:. pole ;

ZP and, M, is its . posmon

M, is the position of the star of :the “east; of; the ;meridian Z
west cof the,meridian ;when it auams jthe. same . altitde _as, at M, - Tt
f,, e i) ] "

the | mstrum.maL etrors-
0 gxaduanons erc. are nol

mlthc,
! 1“The method:~has - thefollowing!: :dvamages isnsany

’Jff-‘w ’(l) viSifice o thell attual raltitade ofiitheo startis not srequired
el ¥ b7glich 228 indexllerfory collimation « error, errors due

Vo ’mvol\'ed-- aft o1 wizo has 1esw sl o) Tspo | esbmils 152 =d3 oiENe ol
B0l ) NG Knowledge isla-equired ‘6f Ihtirude,. ‘declination;oar cvcn lazunuxh
S trﬂad "ha& Ehwiever, “the” folfowmg disadvantag

genevnos o4 ney <mo l 5154
BV T g
st 4y "A'l ng mten)al 5k “ime' elap&es’?’ Berivecii” the ! two obscnranons ' SOMETIES )
RIS 2 BET “i) o1 Lailgae 9d jeum [oisTiod &

28 3 < encitgriloall o191 amne
of several hour
Blug ::: (,(h),mu"'l'.pe{uﬁreplsmt? of' (he (esuﬁ depenc?s upon {he rcfracnon h:xvmg "the Sanis 7 vathied

I for obsetvations. “ Due ‘to 'fong, Atiterval BFY time) the rfraction may change
‘J'n«um’) . M”ec:ab'f'd this affecting - the  Fesult! ' odT _mobsninrmish Loon 1ol bosw »d
the two observations can 'bel réduced tif the~deciination.
Yo the! latiftide. 5T limihate - {lie Jaacertdinties: of (refraction
“have ansaltitudenofi: something::mofe than 434

't

asif

However, the time between
of the selected star is nearly equal
néat’ the'’ ﬁ&mtoh lhé izstar’ should:

Log”’

4 “The Error due 13’ Slight ‘Tequality'in the Altiludes 80 'Two Corresponding Observations:
naxsg 121 n-lmh)ih4 291192 A (TS ‘—f‘il“‘b );l, 1o s ie2 ey s vd  bozoozi 4 sgemi ve)
orom IHT 15(( 1.)(‘(1 'l.)[)‘ﬂ a2 1aVSY ni b MA € Iuods

) o senauon = u
3l mmsesror vioszs on 290! llmwimh q‘sqme Of hm‘ b ,17' o 2smil s Yo
IR P11 A S 7P = co-latitude = ¢ vty (V5 A DY sien
o wgeot ot pMy'=polar distance = p ot A

.- 7PM, = hour angle = H '
M.ZP=A=azimuth of the star.
|




HIGHER SURVEY[}%

82

Novv, we have cosz=ooscoosp+sincsinpcos}{ ”
Wheu the star is at M,, let |
ZM, = zenith distance of seconds observation = (z +y)

where y is the small error due to inequality of the altitudes.
ZPM;:DOUI‘ anglc of M:=(H+X)

where x is the small error in the hour angle.
Hence wre have oos(z+y)=cosccosp+sinCS'mpC°5(”+X) -0

Subtracting (2) from (1) and weating x and y small quantities, we get
ys:'nz:xs'mc.sinp.sinH.

sinz _ sin p
o sin H sinAd
= i 2 -—L ...(3
Hence ¥ SmcsnpsinH sincsinA 3) ..y

In order that x should be least for a given value of Y, we must have
sind=1 or A=90°. The error will evidently be greater for smaller value of A. Heny
we conclude that the error in the hour angle due to some error in altitude is minimun

when the star is near the prime vertical.
3. () TIME BY EQUAL ALTITUDES OF TWO STARS
The two disadvantages of the method of equal altitudes mentioned above (i.e. the

long interval of time and the: uncertainties in the value of refraction) can be " reduced by
making the equal altitude observations on rwo stars, obe east and the other west of th
meridian. In such observations, two ‘stars having the same declination are selected. Whe
they atain the same altiudes, ome to the west and other to the east of the meridia,
the mean of their right ascersion will give the local sidereral time of tramsit. The locd
sidereal time can be converted into L.M.T. and can be compared with the mean of
chronometer readings for the determination of the chronometer error. If the two stars bae
some different declinations, 2 correction must be applied to the mean of their right ascensios.
However, the diffzrence in the declination of the two stars should not be more than 7
to 5°. The observations of a pair of stars generally takes few minutes. Several pairs should
be used for good determination. The stars selected to form a pair should have a differen
in right ascension of at least 6".
3. (¢¢ TIME BY EQUAL ALTITUDS OF THE SUN
If the equal altimde observations are made on the sun, the same edge of the sun's
image (i.e., the upper limb or lower limb) should be brought to the horizontal hair o
the image bisected by the vertical hair of the duphugm A series of altitudes is 1akes
about 9 AM. and the same series is repeated in reverse order about 3 P.M. The met!
of the times of the forenoon and afternoon equal altitudes does not exactly represedt the
instant of transit (L.A.N.) due to the rapid change of sun’s geclination. The theory becor”
complicated due 10 the fac thai allowance must be made for the alteration of decl™ "
rin the imterval between the observations. In order 1o apply the correction for the ©

A 4
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jn the declination, the approximate value of the latitude and Greenwich mean time must

pe known.
Let y be the alteration in the sun’s declination in half the time interval between

(e WO observations.
In Fig. 1.40, M, = First position of the sun having polar distance (p +y) say, when

(e sun is approaching the pole.
M, = Second position of the sun having the polar distance (p —y), say,

If p were constant, we have, as earlier. cosz = cos p cos ¢+ sin p sin ¢ cos H ...(1)

But the polar distance is (p+y) and the hour angle is (H+x). We have, th‘us

cos Z=c¢os ( p+ y) cos ¢ + sin ( p + y) sin ¢ cos (H + x) ...(2)

Subtracting (1) from (2), and treating x and y to be small quantities, we have

x =y (cot p cot k — ¢ cot cosec H) .(3) ...(1.33)

For a given value of y, therefore, the value of x can be computed from the given

.equation.
The first observation will thus be made when the sun’s hour angle is (H + x) before

e q{parem noon. Similarly, the second observation will be made when the sun’s hour
angle is (H - x) after the apparent noon. The mean of these two observed rimes will therefore

pe' when the sun is at an hour angle x before apparent noon.
For example, let H=3 howrs ; and x=1 min. (calculated from Eqn. 3)

Then, the hour angle of sun at first observation =(H +x)
=3 hour 1 min. before apparent noon.
Time of observation=12" — 3" 1™ = 8" 59™ apparent time.
Similarly, the hour 'angle Pf sun at second observation =H -x
=2"59™ after apparent noon. .
Time of observation = 12"+ 2"59™ = 14" 59™ apparent time.
Mlean time of observation-:%(B" 597 + 14" 59™) = 11" 59™
= 1™ before the apparent noon
' =x before the apparent noon.
Henci we get the following rule :

T'rue time of transit (i.e., apparent noon)
= Mean of observed ﬁme;:—s(thn x is in angular measure).

Mlinus sign is used when the sun is approaching the elevated pole (i.e., the case

discusserd above ) and plus sign when the sun is leaving the pole.
E xample 1.44. The time of transit of a star (R.A. 7% 36™ 21.24°) recorded with

@ chron bmeter keeping standard time of 5"30™E was 5"56™8.86° P.M. The longitude
of the pilace of observation is 4" 30™ E. Determine the error of the chronometer if G.S.T.

| @ GM.M. on the day is 14" 187 12".



Solution: i ¥N9 : * Misah o
ST Of LMM Qg
Let us ﬁrsr convert xhe GST of GM.M mto L ad

" Longitude = 4 N3N E
* s
Loss in_the, sidercal  time at the rate, of 98565,

per - hour otf \ longitugie.ii‘;

4" x 9.8565 = 39.43 seconds ) Ry L “'1 ’ ‘ gy,
30"x01642=493 seconds " iticog brnoond =
n C e ralznns o

=44.36. seconds ., . . wiod adr

.4 Total retardation
- - Rerardanon

LST. of LMM.=GS.T, of G.M.M.
PRVAE v 4436’ 14“ 37'“2764‘
_ : . : 7
: Now L.S.T. of obscrvauon:RA of - the star—‘l 367 21 24°
R « <o o' 81 =1.ST.of robservation - L.S.T: of LM M.
(7" 36™ 21.24° - 14h 31"‘ 2764)+24" = 16" S8™s3gt

Let us now convert the S.I.”into mean’ “time mt"rval by subtﬁr:tm:g\ the” rexam
i 1o A ] b
:u t.he rate nf 9. S"96 seconds per. hour of sxdereal nme "

6 x9. 8—96 =157, 27 seconds Wy nn mo2d e v taRw
o el 58™ x 0.1638 = 9,,4:9 ~seconds - i} sl Lolgruexs 161
53.6%%0.0027 == ~0.14 second ¢ o cluns auod sl aedT

I

A vafin (v - W) 7l 4

Total retardation =166.90 segonds= 2" 46.90°" . 1, it
Mean tme um:rval _gince, LMM.=S1, - Rcta:danon od =
- ﬁ,_.,m",_ss':sg.s' 2"' 46.90° = 16" 56" 6.7°
Standard time shown by chronometer - . ‘¢, L .idn 3o ain .
—s"sa"‘saa‘ PM—17"56'“886‘ since. LMM.
Local tme of chronometsr -

) _17” 56"' 8. 86‘ anfercnce of longitude v

- 17" 56™ 8.86" 1" =16" 56 8.86%:or. o coneld

(Smcc the place of observation is at longitude 1" 16 the'west of! standard ‘meridiZ
“n - Chronometer. error’= 2.16 seconds (Fast).. v

Enmnlt 1.45. Ihe f0”0Wm£ notes rffer 1o an observanon for time made on @ 3
on Feb. ‘18, 1965 - Ha Al Akt LORL Mz {rord Yeaa el awie 2oni N

Latitude of the place &' 1531 & fua wily
~Mean observed  altitude 'of the- siar
RA of star «A % T ar Ui i 4 TN
" Declinaiion of “the star . * Vi iy

N8R0 gy s { Fveids P
A 30 0920 10 K30 g T
v o=st 18.',";‘12.;45-‘,’.:“_\_3,»,g‘. e ot |
LA . r'-‘"w“!-IZ’I&Gid‘z/!"!\ o wosd e Y '

R 2 owmh ety oo WM o
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This star is 1o the east of the meridian.

Mean sidereal “time observed' by sideréal chranonmerz 1h2mi5 259
Find the error of the chronometer. ~ —

Solution. The " hour- angle of the star IS’ dctcrmmcd from the - followmg formula :
H \lsm(s-c)sln (s~ p) "‘
rsm: sin(s-z) - *
2=90° “'a < 905 2300 1210 590 47" 50
P=90° =8 =90°-16°12' 18".4 = 73° 47" 41".6
s uc £ “ae S 90 © 90" 36°30'30" * =53°29' 30,

;lwhcre v:s-—-(z+r+p)

’ 2s5= 187':' 05 017.6 .
§=93°32"30".8 : aioe
. (5-0)=40°3'0"8 ; (s-p)=19° 4" 4972 (s-2) =33°44'40".8
log sin (s — ¢) = 1.8085208 - -
log sin (s - p) =1:5287565- ~ -
log cosec 5 0 0008302 L
log cosec (s - z) 02553212~ LT
3.04 Fep !
= 1.5934287

AE Med °f = "¢

al

=32°3' 176 "o:. or

- logtan i loguan T 7967148 7000
- 'S "2 = sbutignnl®

FN)

H 64°6'35"2 4" 16™ 26.3°

]

™| ETNII

Since the star is to the edst® of"th"é meridian, “the - westerly bour angle
¢ -24“ 4'fr5"' 263° = 19" 43" 33.7*

R.A. of the star= 5“18'“1245"' .
Add hour angle= 19"43'“3370'

¢ >
SEGQHL LS I

T

- —_—
[T ."'v' oMU HLSi0 LT X 3 Ti

L.S.T. of observation = 25"01 46 15’_1" 01°'45 15
Sidereal time by r.hanometer:l» 2% 5:25' 12
Error, of chronometer 19,17 (fast).

Example l 46. ,nw mean observed altitude .of the sun, corrected for refraction, parallax
and level was 36° 14'16"8 a: a place in lamude 36 40’ 30 N and longnude
f

624127 E. Th—e ‘mean watch time of obsermtwn was 15% 49™ 12.6* the watch being _
"""’Wﬂ o be ‘abott ‘3™ fast on LM T. Find “the watch error glven the following :
" Decliniation “of }he .run aI xhe c'ns:an: of observanon 17 26 42m.1.

SR _,‘\1,-“- a0k N A \
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Solution y
The hour angle ofthcsunisgiveﬂb)"hef"’m'

H \’W
tan = sins.sm(s-2)
+ = 50° — @ = 90° - 36° 14' 16”8

where s=3@+c+p)
= 53°45'43".2

Here '
p=90°—6=90'— 17¢ 26" 427.1 =72°33'17".9
¢'=90°—9=90"-36"40'30" = 53219 30°.0

P

5 =89°49 15".6

2¢ = 179° 38" 31".1
; 5-2)=36°03'32"4

(s—c)=36°29'45"6 ; (s-P)= 17° 15' 57°.7
log sin (s - ¢) = 1.7743468
log sin (s - p) = 1.4724776
log cosec 5 = 0.0000919
log cosec (s - 2) = 0.2301672

- H -—
jog tan’ ¥= 1.4770835 ; log tan 5 = 1.7385417

¥=zs-4z'34-.1 or  He=5T° 25 08".2 = 3" 49™ 40.6*

i L.A.T. = 15" 497 40.6*

Let us convert this o L.M.T. .

Longitade = 56° 24' 12° = 3* 45 36.8°
L.A.T. = 15" 49% 40.6"

Subtracr Jongitde = 3" 45™ 36.8"

G.A.T.=12" 04" 03.8*
Now G.M.T. of G.A.N.=11"56"22.8°
or GM.T. of 12" apparent time = 11" 56™ 22.8°
Now Greenwich zpparent time = Greeawich mean time + E.T. - -
12" = 11" 56 22.8' + E. T.
ET. = 12"11" 56" 22.8* = 3" 37.2"
_ Subtractive from the apparcnt time.
G.M.T.=G.A.T. -E.T. = 12° 04™ 03.8' - 3% 37.2" = 12* 0™ 26.6"
LM.T.= G.M.T + longirude = 12° 0™ 26.6* + 3" 45® 36.8" = 15" 46™ 03.4"
Error of chronometer = 15" 49™ 12.6* - 15 46™ (3.4" = 5- 8.8° (p",t)
Example l'.ﬂ. At a‘ttnfh flace in longitude 138° 45' East, the star is ’obsglwd
East of the meridian ar 67457 21" P.M. with a waich keeping local mean time. It e
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again observed at the same aliitucle to the west of meridian ar 8" 48" 43° P.M. Find
[he error of the warch given that

GS.T. at GMN. on that day=9"26" 12" ; RA. of the saar=17"12" 43"
Solution -
L.S.T. of tramsit of star across the meridian= R.A. of the star = 17" 127 48
Let us convert sidereal time into mean time.
Longitude = 138° 45" E = 9" |S™ E. Since the place has east longitude,
L.S.T. at LM.N.=G.S.T. at G.M.N. - retardation
9" x 9.8565" = 88,71 seconds
15™ x 0.1642"' = 2.46 seconds

Total retardation=91.17" = 1™ 31.17°

G.S.T. at G.M.N.=9"26" 12
Subtract retardation = 1”31.17°

L.S.T. at L.M.N.=9"24" 40.83"
Now local sidereal time=17° 12™ 48°
Subtract L.S.T. at L.M.N.= 9"24™40.83°

- S.I. since L.M.N,=7"48"07.17'
Let us convert this S.I. into mean time interval by subtracting the retardation at

the rate of 9.8296' per sidereal hour. .
‘1" x 9.8296 = 68.81 seconds

48™ x 0.1638 = 7.86 seconds
7..7* x 0.0027 = 0.02 second

Total retardation = 76.69 seconds = 1™ 16.69*
sf. =7"48™ 07.17°
Subtract ‘retardation= 17 16.69*

ML sirce L.M.N.=7"46" 50.48"
. Local mean time of trsmsit of star 7" 46™ 50.48" P.M.

Now L.M.T. of watch for east observation= 6" 457 21" P.M.
L.M.T. of watch for west observation= g 48™ 43* P.M.

—————

(D

=15 34™ 04*
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LMT of wims of the star-me shown by the chronomerer = ™0 P,M m

Ohronometer ermt = 11,82 seconds  (Fast)
110, TIMF OF KISING OR SETTING OF A HEAVINLY
In Fig 141, SEN i the horizon i
and M v P pownon of v st when g
o numy e oreguired o find the ime
of rinemg and seming of the =ar
The sedwrica! triangic PMN B right
arghed w N, smce  the plane of the ob
server's mendiar b perpendicular 4o the
b yrow : .
o MPN o MP  tan PN
Now L TPM = ¥ - hour angle of the smar
at I roang
P =3 doclmanon of the sar
PN = € - alumde of the gpole
= latimude of the ohscrver
LMPN - 180" - H _
Hoemex evs He ~tan £ tan 6 .
Kaowing G oeclinstion of the stzr end te latimde of the place, its hour angle
caz b Lkpows Then
LST of mmng of sare RA of the mar+ Hour angle

nony

nG ldl. RISING AND SETTING OF STAR

Tisss, @ docal udenenl (me of e nsmp of the star can be known. and this can

e comversed emo LM T, If desired ’ 1 10 «¢
The bomr angic of seting will obviously be the same as thar of rising. In the above
sratmess wr hew peglecied e ofiect of yefracton, wiuch smounting 2s it does 10 about
fe e Ow horon, will csuse stars 19 be just visible when they are really 36° below
o hnsos AR :
lazgr: of Day and Nogln :
The o asngle ¥ of the smnse o supset B given by -
¢ H=~wnf oo & wicre b is the declinstion of the sun
# e chesge w Ox declinalon b oof te sun s ignosed
Lesglh of O Qay = twice how angle i fime units = 27
15
IR - M “ '
STl B , o lasl
e cqesissm s 81+ - @b bt ® can be useg : '
Kt 10 Gelormine . Jeugth (day
o Sftnm paces and & difiocn mbes ' ‘ : s LR ot
P T R .

AF Al a3 pxe & cguany, =0 > B

Sumaiarty, ng of Qe gt = 2

rirdl

¥ "
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Length af day (a¢ nighe) - H 1 i
I3

Hence for all values of 8 the davs are alwerys erual 1 the nmights at  equator
(2) At the time of equitox, the sn is a1 equator and henee 5 = 0
s H=0  ar  H=0° and M=

H

Length of day (or night - 1”. - (2"

Hence for all values of 6 (i, at all the places on the earth) the doy <15 equal
1o the night.

(3 1r 8=9%r"-0 ; cos H = - | or H = 1307

« |’y
. lm“'h of d.‘y - -2—-'.,___ = 24" (je the wun does pot set)
@ If Be=(90"=0) . cosH=)andH=0

Length of the day =07
Hence the sun does not rise at all

The Duration of Twilight

Twilight is the subdued light which separates mght from day. When Dw s i
below the horizon, the darkness does not come instantaneously because the sun's ras e
illuminate the atmosphere above us The particles of vapour e, in the atmospbere seilo
the light and scatter it in all directions. As the sun sinks down, the intensity of e diffuses
light_diminishes. Observations have shown that the diffused light s received so long a2

‘the sun does not sink 108% below the horizon. To fimdthe duration of twilight at partculer

place, we must, thercfore, find the time the sun takew 'o aller s zenih dwtasce fom
90° 10 108° in the evening, or from 108" © 90* in the mermng
With our previous notations, we have

i cos 108° < sin & sin O + cos 8 cos B cos H*

where o H'=hour angle of the end of twilight

YUY M IS the hour angle” of the sumset we have cos Mo~ caa s fand 94
,‘.v'; rlom the _aboye (wo equations, H and ' can be calculaed for given values of
& and 0. i

. Hence duration of twilight = H ' ~H.
1.14.  THE SUN DIALS ‘
"' The sun dial cuables the fime © be fired scuraely encugh fr ordinary purposes
oflife, though the precision obuained i much fess than that obuamed by the methods aireacty
discussed. The sun dial gives apparent solar ume foml Whih Mean fme may Be oftaeed
It is useful particularly in places where there ae no Wedns avadable for Checking waxh
or clock times guas.

A sun dial esseanally consists of °
N ""'ll)"r"s:rilght edge, called the wule oF gnomom uf the dial

(i1) the graduated cicle oo which the shadow of the growon faits
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gnomon falls on the graduated circle, and

Wh i  of the .
en the sun shines, the shadow .on line gives the local apparen;

infersects it at some point. The reading against the i
time.

A sun dial may be classified under the following heads .

() The Horizomal Dial : in which the graduated circle ,“ honfomal‘.

(if) The Prime Vertical Dial: in which the graduated circle 1s k.ept m. prime ‘,’crﬁc“'
ad (i) The Obliue dial : in which the planc of the graduated circle is kept inclined

to the horizontal.

In each case, the stile is always kept parall
always points north.

We shall discuss “here the principl

In Fig. 1.42, BXAY is the plane of the dial,
direction of the rod, stile or gnomon
which, if produced indefinitely, will
interseet the celestial sphere in the ce-
lestial pole P. BPA is the plane of
the meridian. M is the position of
the sun at any instanr and CY is the
shadow of the gnomon on the horizontal
plane intersecting the lamer at Y.

Since CP is the direction of the
meridian also, its shadow will fall on
the line CA at apparemt noon. At one
hour after the noon, the shadow will
fall on CI, at two hours afier the
poon, it will fzll on CII, and so on.
The problem is now to mark the points
1. Il etc. on the dial so as to correspond
o the tmes of 1%, 2" ewc. afier the apparent noon. At any instant, for the position M
of the sun, the shadow of the gnomon CP will fall on the line CY which is the line
of intersection of the plane of the dial with the plane containing CP and M. XPY represents
such a plane passing through CP and M. .

If the small variation in the declination of the sun is neglected, the diurnal path
of the sun (M) will describe 2 circle uniformly on the celestial sphere about P as .the
centre. The projections of the equal angular divisions of the diurnal circle of the sun’s
path will give unequal engular divisions on the dial. The angle MPB is the hour angle
of the sun ef the instant ’

The rriangle YPA is right angled at A.

AP = altitude of the pole = latitude of the place = 0.
ZAPY = hour eangle of the sun=H
AY »::g Ir‘:caq;l{xrad angular division along the dial corresponding to the hou!

¢l to the carth's axis, and, therefore,

e -of graduating 2 horizontal sun-dial.
in the horizontal plane. CP is the

FIG. 1.42. THE HOREONTA.I;. SUN-DIAL.

.
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Hence, from the right n;xglad triangle PYA, we get
8in 0 = cot / tan x Or tan x = sin O tan H
or x=tan"' (sin 0 tan H)
; The above equation gives the values of x corresponding to the different values of
To graduate the dial hourly intervals, put H = 15°,30°, 45°, etc., and compute the
corresponding values of x for a place of known latitude 9.

For example, let 0=40° ; Then x=tan’ (sin 40° tan H)

When H=15°=1" ; x, =tan ' (sin 40° tan 15°) = 9° 46’

When H=30°=2" ; x, =tan"' (sin 40° tan 30°) = 20° 22’

When H=45°=3" ; 1 =tan"' (sin 40° tan 45%) =45° and so on.

The points I, II, T corresponding to the angles x;, x:.x; etc., from CA can then
be marked on the dial,
o It should be noted that the sun-dial gives only the local apparent time..To covert
it into local mean time, approximate value of equation of time must be known.
1.15. THE CALENDAR

The calendars of historical times were lunar in origin, the year consisting of twelve
lunar months. Since the return of the seasons depends upon the tropical year, these calendars
resulted in a continual change in the dates at which the seasons occurred. The calendar
was, therefore, frequently changed in an arbitrary manner, to keep the seasons in their
places. In the year 45 B.C., Julius Caesar introduced the Julian Calendar based on a year
of 365} days. The Julian Calendar has January 1 as the commencement of the year. The

calendar has ordinary year of 365 days, and was regulated by introducing ome extra day
on every fourth year which is known as the leap year. However, the year actually contains
365.2422 days (or 365° 05" 48™ 46") while the Julian Calendar assumed the year to contain

365.25 days (or 365° 06" 07). Thus the Julian Calendar made the year wo long by 11714,
and this created one day excess in 128 years. After many centuries, this difference accumulated
to the tune of 10 days and it was observed that the Vernal Equinox in 1582, occurred
on 11th March instead of 21* March. Pope Gregory XIII, in 1582, therefore, adjusted
the whole calendar in such a way that the Vernal Equinox occurred more or less on 21 st
March, by dropping 10 days. In the future, the dates are to be computed by omitting

leap year in those century years not divisible by 400 (i.e. years as 1700, 1800 and 1900).
This will result in omission of 3 days in every 400 years, thus making the mean calendar
year of 365.2425 days (or 365% 05" 49™ 12°). It has also been suggested t0 omit leap year
in the year 4000, and all even multiples thereof, so as to make the mean calendar year

of 365.2422 days (or 365° 05" 48" 46").

1.16. DETERMINATION OF AZIMUTH
An azimuth Is the horizontal angle a celestial body makes with pole. The determination

of azimuth, or the direction of the meridian at survey station consists in obtaining the
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9
. = ‘azirmiths of all the sury,
$ . jon, so that the o vey
e e g e o i f g e f B e
lines meeting there may er . 1 des yar. There
or of the azimuth of a line '; im:mfwmmeﬁdt“: put preference i glve:la lloer:;:-'mcthods
. = i = a ) : Tt
- d—-‘!cmann - mecet of o;z'\-n-a:ions to be taken so that Py ime:\':u or tme bet{ve::
:-;imv;:ll!ai, 0: :zk;nz face left -and face right observanens and ()10t ’ )
¥y 2 £ Rhapee N y
the observations may Dot be wo great - o
Reference mark other celestial body, it is frequeniy
i azimuth of a star or © ? oy
In order o de:;rmmc the R or referring object (R_o_)_.‘When steller observations
gl shon.ld ‘be made to imitate the light _of a star as pearly
arc uken, the refoence mﬁ;k —av be a friangulaton station or it :;ay l:iorl:sxst of a
as -possible. The reference B N =7 b= Wpronoh which a st
_‘Mp:g \I i electric light placed m a box or behind A 6cbn l‘r‘,.m’o“f, the ' hole - should
T ¢ to admit the light to the obsérver. The diameler: Of T trument’ that
c:r:-x‘!:e. ':;i 'tslu;ul cm. The m.ark- should preferable be.so far fmi_" thehn':: heilstar 1o
g focus c;' the telescope will ot bave 10 be-ﬂmadf’wm ¢ it ? -,'. B Sacs o
. . : 2 .saﬂsfaaoryg“ I a6 S2(n B0l Olm i
the mark. A dismance of zbom a mile Is. quie R
The following are some of the principal methods of dctcmmng_tbg,_azmum or._ the

direction of the. true metidian @ . . ) srse o ‘ ’ x, sbnales oAT o
1! By--cbservations- on star ar equal; altimdes. - 3¢ gumsy il + el
- -. .2 -By observasions on a -circempolar sar:at: d?ngaqgnd:-- { 0o #.6i.5 o
3. “By “bour “angle of s@roorTtheisun.s s 8 y) o T= . J«;:J_{
4. By observation’ of ‘Polaris. ==~ = -*-:--_ el B e
* 5. By ex-meridian observations:on eom cor star.isioenD) peilul edl iED 3¢ o
T {2) OBSERVATIONS ON THE STARS AT EQUALALFITUDES:¢ vieribio eed 18bmaiss

S e “simplést misthod” of " dmteriiiming the direerioh of “thé *celestal ¢ pold'Ts ‘probably
thar 'o&isnn:p:ﬂsmriu‘bqﬂla!ixmduiflln"lhis!mexﬂdd-: —‘iﬁezmx‘gd'gé o{:mﬁ[a’nﬁ;ﬂe
0. local -time sis ot neecssary. <and. B0 calcalations are,jmvolyed, | Howgers) b ues
of - the wark _is. a: Ereal, BcOBYenience ., exieading . ffom ; fous, 19, siy; baurs 1t Rightyy AlS
the . effccts sof ammospheric refraction. may  vary, sogsiderably during the, intervaly, atfestg
the_vertical -angles (020, UOKBOWD £ o0q 4ot/ IS Yo bespmi dowel A1 6O
. Tbe.method -is-based. on the. fact: thal, if’ the;angle subiended, between s be Teferens?
mark - and *2. siar -is. meesured.-in w0 positions;,of .equal aliimdey) the ;angle, berween, B¢
mark and the meridian. s, given by Balf ibe.algebraic,sum .of ,the, Jwo, obseryed -anghes
- “The dousd circle in Fig. .1.40 represents: the circular jpathoofimostar xound the polé
and it is reguired 1o, determine the direction of the cemre - P, of this. irche:y My and MndT
the two,-positions- of «the s s1ar  at, equal ﬂm‘k'mlﬂl that, the 99§er'mh3§;31,?_'.@ i
get his rrue meridian is (0 bisect the angle bctwpen .fy'ﬁﬂdﬂt 1) evsh . SSHE. DO .
Thus, in Fig. 1.43, R is the reference mark (R--'"f-)_mdfb'is the _position quT:;‘
instrument station through which the direction of the trué meridial iy 1o be cstablished:
M, ané M; are two positions Of 2 star at equal altifudes.- The :field ‘observations are ke

in the following - steps : v ek s 1o RG
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(1) Set the instrument at O and level i accurately. vt

(2) Sighr the R.M."with the reading 0° 0 0~ on the horizontal circle.

(3) Open the upper clamp and R an M, P, M, R p M,
rurn the telescope clockwise to bisect ’ : . '
accurately the 'star at position Af,.
Clamp both horizontal as well as ver-
tcal circle.

(4) Read the horizontal angle
8, as well as the altitudes a of the
star.

(5) When the star reaches the : o :
other sigla of the meridian, follow (a) s botwes (O
it through the telescope, by unclamping FIG. 1.43. AZIMUTH BY EQUAL ALTITUDES
the upper clamp, and bisect it when ) 18 )

- it amains “the same altiude. In ‘this observation, the. telescope is - turned in azimmuth and
the vertical circle reading remains unchanged. Read *the angle @, ! A ‘

Let A be the azimuth of the line OR, i.e. the angle between the true meridian

:and - the ‘reference (object. rSince 'the direction of the meridian is midway between the two
positions ‘of the star, -the azimuth-of 'the  line ‘may" be determined - according as both the
positions of . the. star -are to the same side of <R, or tolthe different sides of R.
qm:iw Case I : Both- positions ~of the ‘star to the same- side [Fig. 1.43 (a)).
bl <2 0y =ZROM; L By = ZROM: 200

A = azimuth = ZROP, (where ‘P is rthe positior of “the pole)
yO= 637 ady diw bedwszbou wsgroan s

sizas b @ " B:-8
bas gins!s =B‘+12’= 4 ! med
“butilHence: the' azimuth ‘of ‘the-line is ‘equal 10 half the sum’of ‘the ‘two observed angles.
Knowing the ‘azimuth 'of the' lise OR.” theazimmuth of any'other “liné throngh O can
be:determined by . measiring the horizontal: ‘angle " bétwesn OR ‘and “that line. ' Also if it

i Quubiism sd) Jo sbiz 1edic sy 2edagey s

amsioal) (W ooisizog odt 15,1872 adt 10 sbumils odr 3.1) © sizas s 192 o 8, +9,
5 fequired, to set_out the direction of the true meridian, .and angle equal to ——— can
S0IT125 20y )} 812 201 22240 O UOOTLS U 24T30T0SEY ORL CaRTOCT =2 3

3 agdy i@

1
(

be set pout>from-ithe; line -OR: 'coosiiod =b besdl .o <binbile =0 emusmis 1 {
CasecIl., Bath positions:of the star are:on opposite sides of the “line. [Fig. ‘.43 (b)).
*3 & ng zed 1 pego acohiam s 1o ghiz o 31 123» sl 1o, poincog ady = -9} V
..1-'131| £ it l=’A.=- 'ZL{.bP - ZM\OR = % ZM,0OM, — ZM,0R =.% (9|_,+‘61) -8 = 8, -8

" “Hence ‘the' asimicth ’of'ith'e":lz:n'e' is }qual ‘to half the difference. of the two observed
mglalc | \ TR VaVa TR QN sdy el # podw asibive o) Yo shic o «ilr m
| ZIn the observations taken above, it is assumed that the inscument is in perfect adjustment.

it s not/so, itt:is necessary-to-take at:least four observations (two 'With fice left and

™Wo with face right) to eliminate the instrumental errors. The position M, of the star is
Observed with both the faces, and the position A, is also observed with both the faces,
and the mean is taken. However, in the duration that elapses between two face observations
of M,, the position and altiude of the star slightly changes and this should be properly
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accounted for. In Fig. 1.44,
M, and M, are the two positions of
the star to one side of the meridian
when both face observations are t:.\lfen,
and M, and M, are the two positions
of the star to the other side of the
meridiam, in such a way that M, and
M, have equal altitude, and M, and
M, have equal altitude.

The angles 6,, 6,, 8, and 8, with
the R.M. corresponding to the positions
M, M,, Myand M, are measured as fol-
lows : 5

(1) The instrument is set at O @ . | ®)
and, with both plates clamped to zero, y
bisect R with the vertical circle to

the left. : . ] :
(2) Unclamp the upper clamp, min the telescope in azimuth and bisect the star a

M,. Note the horizontal angle 8, and the vertical angle (i.e. tht.: altimde) a.

(3) Change the face of the instrument and agai.u' bisect R with both plates clamped
o zero. During this time, the star goes to the position M,. Unclamp .t.hc u}.)pcr. clamp
and twrn the telescope in azimuth to bisect the star at M. Clamp the vgmcal circle. Read
the horizontal angle 6, and the vertical angle a'-

(4) Leave the instrument undisturbed with the vertical circle clamped to the angl
«'. When the star reaches the other side of the meridian, unclamp the upper clamp.and
uzmthcn:laoopeinazimudxtobisectﬂlcstaxinpcwitionM,whenitanainsthealumde
a’ (i.e. an altitude equal to that at M;). Read the horizontal angle 6,. -

(5) Change the face of the instrument and again bisect the R.O. with both the plats
clamped to zero. Set the angle a (i.e. the altitude of the star at the position M,). Unc!lfnp
the upper clamp and turn the telescope in azimuth to bisect the star at the position
M, when it amains the altinde a. Read the horizontal angle 6, in this position.

Thus, we have got four horizontal angles, i.e. 6,,0, 6, and @, The mean of
6, and 6, gives the position of the star to one side of the meridian when it has an averag

FIG. 1.44 .

+a ..
altiude equal. o bl iy Similarly the mean of 8,and 6, gives the position of the St

2
Srae . . ,a+ﬂ'
to the other side of the meridian when it has the same average altitude, i.e. [__.2.-

hen the average positions of the star are 10 the same side of the R.M., we Ba¥ |

i =A= . _(6.+0,)+(8,+B4)
Azimuth of OR=A 7 *3 3 = - ]

Similarly, if both the average positions of the star are 1o the oppositesides, Wt

81+ 6, 1[9)+Bc 6+ 6,

have
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A:l[_el+01 03+94

2 2 2 ] - -;— 6 +0,) =

1. (® OBSERVATION ON SUN AT EQUAL ALTITUDES
When the sun is observed for equal altitudes, the sequence of observations is the
same as that fgr a star. Since the actual altitude of the sum is not required, its upper
limb or lower limb may be observed throughout. A series of horizontal angles is measured
perween the reference mark and the sun in the forenoon, and a similar series is observed
with the sun ‘at the same altitudes in the afternoon. Since the sun’s centre cannot be bisected,
observations should be made on the right-hand and left-hand limbs of the sun with the
relescope normal and inverted in both the morning as well as afternoon observations. However,
in the interval between the forenoon and the afternoon observations of equal altitudes, the
declination of the sun changes, and hence the mean of the -horizomtal angles requires a
suitable correction to determine the azimuth of the survey line from it. To apply the correction,
the watch-time- of each observation should also be recorded. The correction is given by

...(1.34)

c=angular correction to be applied to the algebraic mean of the observed

- horizontal angles to give the azimuth of the reference line

f = half the interval between the times of equal altitude.

8 =latitude of the observer’s place.
8r=sun’s average declination of morning observations,
Sw=sun’s average declination of evening observations.
(2) OBSERVATIONS ON A CIRCUMPOLAR STAR AT ELONGATION

A circumpolar star is that which is always above the horizon, and which does not,

therefore, set. Such a star appears to the observer to describe a circle above the pole
(see Fig. 1.19). A circumpolar star is said to be at elongation when it is at its greatest
distance east or west of the meridian. When the star is at its greatest distance to the

(84 04) - (0, + 6,)
) .

c=%(5w—65)sec9. cosec ¢

where

w
‘Eastome : ) Westam
. 1 N
elongation .\ :- elongation
Observers . P
meridian AN .
Star's path

' (a) Apparent path of a star
as seen from outside the
. celestial sphero

FIG. 1.45. STAR AT ELONGATION.

(b) Plan
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east of the meridian, it is said to be in eastern c_longatw':n :l,:n aﬁlo n'sm‘“ [h;‘s Breaty,

distance to the west of the meridian, it is said (o be in West® aaion. S Positig,

the swr's diurnal circle is tangent to the vertical cin:?c to the starl. N

Figs. 1.45 (@) and 1.45 (b) show (wo views of }hc stars a‘t' eongfanon. M, i
position of the star at its eastern elongation, and M, is the Zkosm?t: of the star 4 i
western elongation. In this position, the vertical circle of star m ":m 1 eng:‘;atf“ Mgle. with
"the plane of the meridian. The vertical through M, (or M) 18 ZMg P i 0 fhe diurgy
path of the star shown by dotted circle. Evidently, therefore, £ZM.\F° 1S @ right ap,
Also, when the star is at western elongation (position M), émzpd ’.5 -a right angle

. , ion of the star, its motion is vertical and it is ix} a favourap,

positio: ‘f:;c'c::::.:a::::ounﬁ: its azimuth because its horizontal movement is very sfjgy,
for some time before and some time after it arrives M, (or M,). When.th‘e star s
eastern eclongation (M,), it appears to move vertically dowm-ivards. and when }t is in westen
elongation, it appears to move vertically upwards at the instant of elongation. It js cley
from the figure that the points M, and M, :
celestial pole P. However, greater the declination of the star, more nearly will be the altinyg,
of M, and M, approach that of P. :

Prior to making the field observations, it is necessary to calculate the time. at whic
the star will elongate. This can be done as follows: .

() The hour angle (H) of the star can be calculated from equation 1.19

cosH=Laig=tan9cot8
tan §

(if) Calculate the local sidereal time of elongation :
- L.S.T. (of elopgation)=R: A. £ H'

Use plus sign for western elongation and minus sign for eastern elongation.

(iif)’ Convert this L.S.T. to mean time by method discussed earlier.

Thus, the mean time of elongation of the star is known. At least 15 to 20 minute
before the time of elongation, the instrument is set up and carefully levelled. Five minuts
before the time of elongation, a pointing is made on the reference mark. The upper clamp
is then- unclamped and the star is sighted. The star is then followed in azimuth. At ¢
time of elongation, the star stops moving horizontally, and appears to move vertically alos
the vertical hair. This will take place exactly at the time calculated above. The horizont
circle reading gives the angle that the star makes with the reference line. To this, if ¥
add the azimuth of the star, the azimuth of the survey line can very easily be knowd

The azimuth of the star at its elongation can be calculated from Eq. 1.21:

smA:-cﬁs—5=cosé.sec9.
cos 0

However, in order to eliminate the error, at least two observations should be me¥
—one with face left a few minutes before the elongation and other with the face Iyl
a few minutes after the elongation. If more time is taken between these two sets of readié
the azimuth will not be correct. In general, the observations should not be extended bey’

. ‘

will always be at a greater altitude than .|’

A\l
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five minutes on either side of the time of elongation and during this time as many readings
perween the R-M. and the star as are possible should be taken.

The foll"owmg table gives the time after the moment of clongation when the aizmuth
chaoges by 5" for a place in latitude 30°:

Polar distance Time after moment of elongation

of the star before azimuth changes by 5"
10° 3 min. 33 sec.
. 15¢ 3 min. 7 sec.
20° 2 min. 35 sec.
30° 2 min. 11 sec.

As there will be a corresponding and nearly equal period before elongation, it follows
that for stars having 20° polar distance, 5 min. and 10 seconds can be the maximum
time to the observer before the azimuth can change by 5” in that period. For a star
whose polar distance is 10°, the corresponding time is 7 min. 6 sec. The nearer the star
is to the pole the greater the length of time available for the observations. In ordinary
observations, a surveyor uses a 20" theodolite so as to determine the azimuth within 20”.
Hence, it will be sufficiently accurate if he takes two observations of the star, ome with

_the face left and the other with the face right, mot exactly at the time of elongation,

but one just before and the other just after the elongation.
However, for very accurate results, it is better to apply the following correction to
the value of azimuth (4) of the star from the formula for elongation.
correction (in seconds) = 1.96 tan A sin’ 8 (tg - 1)’ ...(1.35)
where £, -t is the sidereal interval in minutes between the time of observation and that
of elongation. The above formula is applied only when (.- 1) does not exceed 30 minutes.
The Effect of an Error in the Latitude )
For the calculation of the azimuth, the declination (8) of the star and ,the latitude

" (8) of the place of observation must be accurately known. The declination is taken from

the star almanac. Let us now study the effect of an error in the latitude on the determination
of the azimuth

Let y=error in the latiude and x = corresponding error in the azimuth.
We have s'mA:E‘EE or sinA.cosB=cosd (1)
cos ©

Putting the actual values of A-and 6 in the above expression, we get
sin(4 + x) cos (0 + y) =cco8 . _
Expanding sin (4 + x) and cos (8 +¥), and 1eplacing sin x, sin y by x and y respectively,
and cos x, cos y by unity, we get
(sin A + x cos A) (cos 8 — y sin8) =cos & ...(2)
. Subtracting (1) from (2), and neglecting the term having the product of small quantites
*and y, we get .
xcos Acos@—-ysinAsin®=0
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_ sind __
_or x=ytan8th=yl°“°m

\,_——,—- 1’1 cos’li___~
] -sin“A = cos® ©

2
Cos” O — ¢og? P

cos &
itutd i = —— and 2
Substituting  sin 4 py . cos” §
cos § Qa
_y N 5 (135
we get x=ytan 6. o 6 -cos' b )

From the above expression,
If 6=0,

If ’ 0=235,

Also, if &=90°
Hence, in any given laritude, the

x=0
X =

x=0.
error is least when the star selected is nearey

to the pole.
The following table gives the ratio (5-] of error in azimuth to small error in latitude
: y - s
Declinazion Laitude = 20° Latitude =30° Latitugs = 40
® = 22 Xy
- —— |
60° 0.22 0.40 - 070
70° 014 * 0.24 0.40
80° 0.06 0.10 0.19-

An error in latitude of say 5° will produce an error in azimuth of less than
5 if the value of declination is less than the value of latitude. The error in azimuth
will, however, be greater than the error is latitude if the value or the declination o( the
star approaches the value of the latitude :

(3] AZIMUTE BY HOUR ANGLE OF THE STAR OR THE SUN ,

In this method, the azimuth of a star or sun is determined by observing the how
angle when it is on or npear its prime vertical. In the field, the angle between the st
and the R.M. is measured, and the chronometer time at the instant of observation is observel
very accurately. The altitude of the star is not necessary in this method and hence ther
is no effect of the errors of refraction. The field work is carried out in the following

(/) Set up the theodolite over the station point and level it accurately.

(if) Select a suitable star as near the prime vertical as possible.

(i) Bisect the R.M. with both the plates clamped to zero, and with the verticd
circle to the left. ‘

(iv) Unclamp (hCUPPCT clamp, rotate the telescope in the azimuth and sight the
star. When the star is exactly at the intersection of the cross-wires, give the signdl ®
the chronometer observer to observe the chronometer time very accurately. Take the readisé
of the horizontal -circle. .
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() Repeat the observations with face right.
The mean of the above di o .
o and the R.M. readings will give the chronometer time and the angle between
‘ ]:rcml t::bobsdelrved mean.lime of the chronometer, the local sidereal time can be
casily calculated by the method discussed earlier, The hour angle of the star can be computed
from the expression. X
LS.T. = R. A. % Hour angle.

The R.A. of the star can be known from
the star almanac. ,

Thus, the hour angle of the star (or the
sun) is known. from the observed chronometer
time. In case the chronometer is fast or slow,
its correction should be known before hand,
and the same should be applied to the observed
time before hour angle is calculated. ”

Knowing the hour angle, the declination
and the latitude of the place, the azimuth can el
be calculated by the solution of the astronomical triangle.

Thus, in Fig. 1.46, M is the position of the star at the instant of observation when
its hour anmgle is H. q

ZP = co-latitude = (90° - 8) = ¢ (known)
MP = co-declination = (90° - 8) = p (known)
ZZPM =hour angle = K4 (known).
The value of the azimuth (4) can be calculated from the following expression
tan A =tan H . cos B. coscc (B—-6) ..(1.37)
B=tan' (tan § sec H) ...(1.38)
Knowing the azimuth of the star. the azimuth of the survey line can be known.
The above method, though simple and straight forward, is not very much used since
separate observations for determining the chronometer error are required. However, if the
fhronometer error is known,.the method is much better than ex-meridian altitudes. However,
if the star is observed near its prime vertical, the errors of time have very little effect
on the result. )

While computing the value of H from the chronometer time, a linear relationship
between the chromometer timings and the motion of the star in the azimuth was assumed.
However, for more precise work, a correction for the curvature of the path of the star .
must be applied to the mean of the face left and face right observations. The correction
(A4) in seconds to be applied to the azimuth is given by
M"gi%sm,{cosesecza(cosasln&-ZcosAcosG)x(Ar)’xsln 1" --(1.39)
A ¢ = difference in time, expressed in seconds of arc, between the face right and

face left observation.

where

Where
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The correction is evidently zero at culmination-
(4 AZIMUTH BY OBSERVATIONS ON extiving. th '
The most precise determination of azilmulhmm‘fl’_'h ::;hlrnof:fm::: rntlime of Eacheog:er::gm
le between the R.M. and a close circumpolar Star. “%° . o
;nioted V;cynpr::ise!y. From the corrected chronometer tmes tfhethl;O:;:!::Sal: :ge:] glrcﬁmmh
star can then be obtained as discussed earlier. The azimuth © caeie ars mr:) Culatey
by the solution ‘of the astronomical triangle. Since the f:los!ch nave 3 small eff Ve very
slowly in azimuth and errors in the observed tmes wil ;:suld be chosen fi i,
the computed azimuths, it is evident that only such stars sho O primary

or precise work. . o 5o o3
Since Polasis (a Ursae Minoris) is the brightest circumpolar star, it is used in preferere
to others whenever practicable. In general, however, the observations on close circumpoly

stars have the following advantages : .
(1) Since the motion in the a;imuth is very

slow, the number of observations may be increased

materially and greater accuracy may be secured.

(2) Observations may be made at any convenient
time, without calculating the time of elongation or
waiting for the time of elongation.

(3) If observations are made on the bright
pole star, it is usually possible to sight the star
during the twilight when no anificial illumination
for the R.M. and for the instrument is necessary.

In Fig. 1.47, P is the pole, Z is the zenith
of the observer and M is the position of the close
circumpolar star. The dotted circle shows the diurnal path of the polar star.

The hour zngle H (£ZPM) is known from the observed chronometer time.

£MZP = A = azimuth of the pole star (to be computed)
PM = polar distance = co-declination (known)
ZP = co-latide =c=90°-8 (known)

FIG. 1.47. OBSERVATIONS TO POLARIS.

The azimuth (4) is given by ’
_ sin H , :
N A = s B tan b —sin B oos H
or tan A =sec. cotsin.| 1 ) 40
‘ l-a
where a=1tan6 cot § cos H (14

1 . .
‘The values of log oo e tabulated for different values of 4 in the Special Publicatiot

14, United States Coast and Geodetic Survey,

The value o be taken for the hour angle s that corresponding to the mesd ©
_corrected chronometer timings of n observations, However, for the accurate results. i3

POLARIS OR CLOSE CIRCUMPOLAR st AR

zer0,
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f the path of the star sh . . .
curvature © should be taken into consideration, and the calculated
azimuth should be corrected by the following amount :

2sin’ 3 At

sin 1"

. i 2
Curvature . correction for one set = ‘204 Sin° & (1.42)
- -y

n=number of the observations in one set
A;=;ang_ul.ar equivalent of the sidereal time interval (in seconds) between the
: individual observation and the mean of the set.

For the most accurate work, the striding level should also be observed. If the horizontal

ais is inclined during a pointing on the star or the R.M., the horizontal circle- reading
should be corrected by :

where

Level correction = .zin():w_ £E) tan a e ;

where d=value of one division of the striding level
IW and ZE =sum of west and east reading of the bubble end, reckomed from centre of
bubble in direct and reversed position
a = altimde of star or R.M,

Programme of observations

The field observations are arranged in the following steps :

(1) With the face left, point twice the R.M. Read both the verniers of the horizontal
circle at each painting.

(2) With the face left, point twice the star and read both the verniers of the horizontal
circle at each pointing. Note the timing of each pointing.

(3) Change the face. Read twice on the star with face right and note the time and
the angles.

(4) Read twice upon the R.M. with face right.

Alternative programme of field observations

1. Set the instrument over the instrument mark. With both the plates clamped to

sight the R.M.
2. Turn the telescope in azimuth ‘and bisect the star. Note the chronometer time.
3. Read the striding level and reverse it.
4. Read the circle.
5. Intersect the star again and note the time.
6. Read the striding level
7. Read the circle.
8. Point to R.M. and rexd the circle.
5. (@ AZIMUTH BY EXMERIDIAN OBSERVATIONS ON STAR

The determination of azimuth by ex-meridian observation of a star or sun is the
Method most coramonly used by a surveyor except for the determination of primary standard.
observations are the same as ‘hat for the determination of time, and the two determinations
May be combined if the watch tines of the altitudes are also recorded. Knowing the latitude
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of the place and the declination of the staf. the
astronomical triangle can be observed for azimuth.
Since the mean refraction for objects at a0
alliude of 45° is 577, it mecessary to correct
for refraction in the measurements of the al?tudc.
The refraction correction is almost uncertain for
stars very mear to horizon. The stars should be
observed when it is changing rapidly in altitude
and slowly in azimuth. A favourable position occurs
when the star is on the prime vertical when the
influence .of errors of observed altiude is small.
In Fig. 1.48, M is the position of the star
when its altiude (a) is observed.
In the Astropomical triangle,
ZP = co-latitude = 90° - § = ¢ (known)
MP = codeclination of star =90°-8=p (known)
ZM = corrected co-altimde of swr = 90° - a = z (observed)
The azzimuth (4) can be calculated by one of the following expressions :

: sin(s—z).sin(s-¢) | 1 ,_=fsins.sin(s-p)
sm§A=\/ .wsiA-\}_—_

sinz.sim¢ sinz.sinc
1 _-J?in(s—z)sin(s—c) . S | g

| a3 A= sms.smG-p) where s-z(p+c+z).

At least rwo mezeurements of the altitude and the horizontal angle with the RM
should be tzken, ope with face left and the other with face right. In the interval betwss
ug fa::t.lcﬁ and face right observations, the star moves considerably in altitude. If i
anmuth is czlculated from zny ope of the above formulae by using mean value of t
altimde, it “ﬂjnmbevzcdypcsamcmhgumcnmofme azimuth in the M
observed positions. The emmor will be nepligible if the cifference in altitude of the'sz
at the rwo observalions is pot more than 1°or 2°. However, if the change in altitude ¥

m:mdiftbcmmnvalucofmeﬂﬁmismkmmcmupumtheazimuﬂ:,lhecorrmh
o be applied 1o the lamer is given by

FIG. 1.48. EX-MERIDIAN OBSERY
OF STAR ATio

w_1 : ' .
A47=gom M. sec’a(sin e -2 oo A coses 2M) (A aY sin 1 L

stere M =the parallactic angle ZMP =sin' (cos 0 . sin { . sec §)
The valve of the comection may be : ' »
the values of the various angler 1 the s A o figure k?g fable 5

- De2rest minute,
Programme of field observations

FIELD ASTRONOMY o

4, Change ll'_ne face of the theodolite and bisect the star again. Obtain the vertical
apgle and the horizontal angle to the reference mark as before. )
" 5. Observe a second set in the same manmer with a pew zero.
s, () AZIMUTH BY EX-MERIDIAN OBSERVATION ON THE SUN

The general procedure of observations are the same as for a star. However, since
the declination of the sun changes very rapidly, an exact knowledge about the time of
observation is very essential. Also apart from the correction due to refraction, the parallax

correction is also to be applied to the observed altitude, since the sun is very near to
the earth than the star,

9,

/Z
)

FIG. 1.49. OBSERVATIONS OF THE SUN

The required altitude and the horizontal angles are those to the sun's cente. Hence
the hairs should be set tangential to the two limbs simmltanecusly. The cpposite limbs are
then observed by changing the face, as shown in Fig. 1.49 (2) and (b). If bhowever, the
diaphragm has no vertical hair, the sun must be placed in opposite angles as shown i
Fig. 1.49 (c) and (d). .

Programme of field observations

1. Set the instrument over the staton mark and level it very accurately.

2. Clamp both the plates to zero, and sight the R.M.

3. Turn to the sun and observe altimde and horizontal angle with the sun in quadrant !
(Fig. 1.50) of the cross-wire system. The motion in the azimuth is slow, and the vertical
hair is kept in contact by the upper slow motion screw, the sun being allowed to make
contact with the horizontal hair. The time of observation is also notad.

4. Using the two tangent screws, as quickly as possible, bring the sun into quadramt
3 of the cross-wires, and again read the horizontal and vertical angle. Observe also the
chronometer time.

o o) =] |
Y= bo

Quadrant 1 Quadrant 2
FIG. 1.50. SUN'S LIMB OBSERVED IN VARIOUS QUADRANTS
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: v ight on the R.M
nd take another SIR .

S. Tum to the RM., reverse the face 2 Lo way as i

6. Take two more observations of the sul pm];:ﬁ:tsmz ma:xdsa:cNotacy the t:?mzttz:
(3) and (4) above, but this time with the sun in QU3
each observation. 2 _Hr}

is zero.

7. Finally bisect the R.M. to sec that the reading nd two with face ri

During the above four observations (two with face left & Seained b righy),
the sun c;:fges its position considerably, and accurate results ! betgc first tw); ar:‘:_!;lng
the measured altitudes and the times. However, m;,fim:nd"k‘“ b“;:nmcas ured  altifudes "5;

i i drants i ¢ litde bence . -

with the sun in qua 1 b:m:‘ 3, is \:f)ga‘ one value of the _azlmuth. Similarly, the
th; corrtsmf'd’l:cg n. " u:f the last Srwo readings, Wwith the sun in quadrants .2 and 4,
ﬂnml: e to get another value of the azimuth. The two values of azimuths g
fmobmimd To:gidm face left and the other with face right) can be averaged to get the
ﬁm]. :;u:v:; t::msc work, the altitude readings should be corrected for the inclination,
if amy, of the trunmion axis as discussed earlier. ) .

The reduction is performed in the same manner as for the corresponding star observation,
The correct value of sun's declination can be computed by knowing the time of observation,
by the methods discussed earlier.
The Effect of an Error in Latitude upon the Calculated Azimuth
Let y=error in co-latimde (c)

x=the corresponding error in the calculated value of azimuth.

1

and

We know that cosp=coscecosz+sincsinz.cosA (D)
Hence cosp=cos(c+y)cosz+sin(c+y)sinz.cos (A+x) . (2
Subtrscting these two znd making the approximations that
sim x=x, siny=y, cosx=]1 end cosy=1, we pget
cosz. ysinc+sinzsinccosA—sinz(sinc+ycosc)x(cosA-xsinA)=0

or cosz.ysinc-ysinzeosccosA+xsing sincsind =0 “

(neglecting the terms having product of x and y)

~ cos 2 8iD € + £in Z cOS € cos A
sinz.sinc.sin A

which gives on simplification, x=-‘:tcﬁ.y . ...(1.45)
It is clear from the sbove formula thar for a given value of y, x is maximum when

Xr=

cot H is maximum, ie., when H is minimum. Hence at all times near noonm, the error

in azmuth produced by a defective knowledge of the latitude is very much increased. The
error is least at 6 AM. or 6 P.M. The error also increases with increase in the value

of 6, and 15 the greatest necar the pole. ~
mﬁﬂmdlﬂw'ﬂmm'lmﬂdonum(h,mudmﬁh
Let y=crrorintheco—declimtion(p)ofmem.

FIELD ASTRONOMY -

| * = corresponding error in calculated value of A,

Then X =(cosec ¢ cosec H). y . ...(1.46)

For a given value of y, x is maximum at times near to noon, and is least ar
6 AM. and at 6 P.M.

Also, x incrcas.cs as 'lhe latitude of the place increases. This method becomes unreliable
in arctic or anitarctic regions where the given value of y produces very greal error in

the azimuih.
The . Effect of an Error In the Measured Altitude
Let y=ermor in the co-altitude (2)
X = corresponding error in the calculated value of azimuth
Then =-(cot M. cosec z) y ; where M = parallactic angle ZMP. . (1.47)

The value of x is infinitely great when M = 0° or 180°, i.e. when the sun is on
the meridian, .Hence. in this case also, it is concluded that the resulting “rror in azimuth
is very great if the observations are made near noon. The error is ' ».ver. small if
angle M is near 90°.

Example '1.48.. A star was observed at western elongation at a station A in latitude
54° 30" N and longitude 52° 30" W. The declination of the star was 62° 1221 N and
its right ascension 10" 58™ 36", the G.S.T. of GM.N. being 4" 38™ 32°. The mean observed
horizontal angle between the - referring object B and the star was 65 ° 18" 42", Find
(a) the altitude of star ar elongation, (b) the azimuth of the line AP and (c) the local
mean time of elongation.

Solution
(a) Alfitude of the star, its hour angle and

Since .the star is observed at elongation, the
angle ZMP of the astronomical triangle ZMP is a
right angle. Hence, from Napier's rule for circular
parts. - -

.
-

sin®  sin 54°30° . M
sin & sin 62° 12' 21"
or a = 66° 58' 6”.7

Hence the altitude of the star
= 66° 58 6".7.

sina =

cos & cos 62° 12" 21"
inAd= = .2
Also, sin 4 cos cos 54° 30’ @

or A=53°25
tan 0 tan 54° 30

- cos H=2s “tn 62° 12 21"

or " H=42021'20"=2"49" 253" .(3) FIG. 1.51. STAR AT WESTERN

ELONGATION.
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() Admuth of the line.
Since the star was at western elongation, _ '
Azimuth of the line AB = azimuth of the star + horizontal angle between the |ip,
and the star = §3° 25" + 65° 18’ 42"= 118° 43" 42" . .
Azimuth of line AB in clockwise from porth = 360° - 1187 437427=241% 16" 1,
(¢) Local mean time of observation. )
In order to calculate the local mean time of obs:!‘\:(_;t;aﬂlll
LST. of LMN. from the given value of G.S.T. of G.M.N.
Longitude = 52° 30" W= 3" 30" west.
Accelerstion at the rate of 9.8565 per bour :
3 x 9.8565 = 29.57 seconds
30 x 0.1642 = 4.93 seconds

it is to the west of the meridian,

let us first calculate the

.
L

Total accelerztion = 34 50 seconds
G.S.T. of G.M.N, =4" 38" 32"
Add acceleration = 34.5°

L.ST. of LM.N.=4" 39" 06.5
Now L ST of observation=R.A. of sar+HA. of the star
= 10* 58™ 36" + 2* 49" 25.3%= 13" 48™ 01.3°
Thus L.S.T. = 13" 48" 01.3*
Submact LS.T. of LM.N. =4" 39" 065"

S.1. from L.M.N.=9"8"54.8'

Let us pow convert the SI into the mean time imerval by subtracting at the
reardation at the rae of 9.8296 per sidercal hour.

o x 98296 = B8 47 seconds
% x 0.1638 = 1.31 seconds
54.8' » 0.0027 = 0.15 second

Totzl reterdation = £89.93 seconds = 1™ 29,938
Mezn tme imterval from LM.N.

= 5.1 - retardation = 9 8* 54 g _ |m 29.93"
LM.T. of observation = 9"7' 2487

Fig. 1.51 shows the relative positions of observer (), the

P),
the ¥ and RO. at the instant of observation. sar (M), the pole (

.
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Example 1.49. A star was observed at its eastern elongation in latitude 53° 32' N
and the mean angle between a line and the star was found to be 75° 187207, the star

and the line being to the opposite sides of the meridian. Find (a) the azimuth of the

line, (b) the altitude of the siar at observation, (c) the L.M.T. of observation with the
Jollowing "~ data :

Declination of the star

56° 42'517.2N
Longitude of the place ’

shaom18°w
RA. of the star 10" 58™ 3.9°¢
ST. at GMM. 4" se™ 23.84° (P.U)
Solution
Since the star was observed at its elongation, e T -
the astronomical triangle ZPM is right angled S .
at M. The azimuth altitude and hour angle of - pour 2ngs
the star can be calculated from the Napier's < "\
rule. ) \
_ sin®  sin53°32 :
Thus, =—= :
(@) Thus, SO = T 567 47 532 ;
a=74°932"9 Ew
Hence altitude of the star =74°9 32°.9 X4 slongation
® . sin A = 5% 5 _Cos 56°42'53".21 N e | .-
cos 6 cos 53° 32

A=67°25'"18"2E
Since the line and the star are to the
opposite sides of the meridian, the azimuth of
the line to the west of meridian - FIG. 1.52. STAR AT EASTERN ELONGATION
= Angle betveen the line and the star — Azimuth of the star
=75 18'20"-67°25' 18".2=7°53 1.8 to the west of the meridian
- Azimuth of the line clockwise from the north
’ =360°-7°53" 1".8 = 352° ¢ 58" 2.

(c) £ ZPM = H, = Easterly hour angle of the str.
Hence eo; H, = tan 6 __ tan 53° 32
tand tan 56° 42' 53".2
- From which H =27°20 22° 4 = 1" 49™ 21 .5° .

Hence westerly hour angle of the star=H=24"-H, (sec Fig. 1.52)
=24"-1"a9m 215"
. =22" 10 38.5" .
Add R.A. of the.star= 10" 58" 3.9

LS.T. of observation =33"8™42.4'=09"8"424*
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S.T. of LMM.
To convert this L.S.T. to LM.T., let us first find the L.S.T.0 M. from
the given value of G.S.T. at GM.M. .
Longitude = 5" 40™ 18° W . .
g rate of 9.8565 seconds per hour of longitude is

Acceleration for this at the
5" x 9,8565 = 49.28 seconds

40™ x 0.1642 = 6.57 seconds
18* x 0.0027 = 0.05 second

Total correction = 55.90 seconds ‘
L.S.T. at LM.M.=G.S.T. at G.M.M. + acceleraton
— 41 58™ 23 84" + 55.90° = 4%.59™ 19.74°

Now S.I. between the L.M.M. and elongation
.= L.S.T.-LST. a L.M.M.
= 9° 8% 42.4° — 4 59™ 19.74° = 4" 09" 22.66"
This may be converted to mean time interval by subtracting the retardation at the
rate of 9.8296 seconds per sidereal hour.
4" x 9.8296 = 39.32 seconds
9™ x 0.1638 = [.47 seconds

22.66" x 0.0027 = 0.06 second

Total retardation =40.85 seconds
Mean tme interval = S.I. - retardation
=4 09" 22.66" - 40.85" = 4" 8™ 41.81*
Fig. 1.52 shows the relative positions, in plan, of the observer (Z), the pole (P),
the star (M), the Y, and referring object (R.0.),
Example 1.50. At a place (Latitude 35° N, Longitude 15° 30’ E),

- observations were taken on a siar :
Observed angle berween the R.M. and star =36° 2818 (clockwise)

the following

RA. of star : 102"’
Declination of star : 20°6°48" .4
G.M.T. of observation : 19" 12" 28.6°
G.S.T. of GMM. 10" 12" 36.2°
Calculate the true bearing of the reference mark.

Solution
Here, the observations have been taken for the hour angle of the star to calculate

the azimuth of the line. From the observed chronometer time GM.T i
the hour angle of the star. .T.) let us first cal

FIELD ASTRONOMY
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G.S.T. of GMM.= ]()h 2™ 36.2°,

Since the place has western longitude,
G.S.T. of GMM. to calculate the LS.T,

Longitude = 15° 30’ E = " ™ £
1" x 9.8656 = .87 seconds
30™ x 0.1642 = 4.93 seconds

let us subtract the rctardation from the given
of LM.M. ’

Total = 14,80 seconds
- LS.T. of LM.M. = 10" 12" 36.2° - 14.80" = 10" 12™ 21.4"
Now G.M.T. of observation = 19" 12™ 28 6* .
Add east longitude = 1* o®

L.M.T. of observation = 20" 14™ 28.6*
Convert this L.M.T. into S.1. by adding the acceleration P
at thé rate of 9.8656 per hour.
20" x 9.8656 = 197.13 seconds
14™ x 0.1642 = 230 seconds

' 28.6°x0.0027= 079 second True bearing

of R.M.

Total = 200.22 seconds = 3™ 20,22*

S.I.=Mean time + acceleration Star

FIG. 1.53

= 20" 14™ 28.6° + 3™ 20.22° = 20" 17™ 48.82*

L.S.T. of observation=L.S.T. of LM.M. +S.I.
= 10" 12™ 21.4° + 20" 17™ 48.82°

=30° 30™ 10.22°
Subtract R.A. of star = 10" 12™ 6.30°

Hour angle of the star=20" 18™ 3,92* = 304° 30’ 58".8 (westerly)
~ Smallest hour angle in ‘arc (i.e. easterly hour angle)
= Hy =360° — H=360° - 304° 30’ 58".8 = 55° 29’ 1".2
Thus the hour angle is known to us.

(Eq. 1.37)
sec 55°29' 1~ 2

_tanA=tanH .cos B. cosec (B -0)
tan B=tand sec H (Eq. 1.38) =tan20° 6’ 48".4 .

where _
y B=32°52'21"

(1)

The value of the azimuth (A) of the star is calculated from the following expression:
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—-—ane
-z g e _ 3ET o 2T T 32

=3 B-8=3*S2Ir-39'= I
B — u:r-vx"m'-‘""!".‘?‘tﬂﬂ(‘:"sy)
Iece 4=r3n55° 29 AL e
- A= 9.‘ ‘s' .

5T 28 18
Now cockwise mmpls Som RM o O SES
= . E_@kmmmmhn
Troe bexmimg of @ b= Az of
=Gt 43 48T - 34" 28 “’I"-‘-L"lsw-

WIQ.M‘L\ngﬁ‘l‘zmhmmfwmol

Eme in commection wik 2 svey o
Mez=x mme= 16" 30"
Moo horiomsl ouple beweem the mm o
Me== correces oitwde = 3335010
Deciinemiom of the m= from NA==IN0738
Looende of place = S 30207
Detrrmine coimmzk of Ene.
Scli=tion.
Y- Ssmooee Tc
= M = z-_-.::::l:n:z:"u-gr" o =90F - 33° 35" 10" = 56° 24" 50~
PV = Polxr Ssuore = codximamm =907 -3
=90 - 220 05 36" =677 547247
TP =l =W - S 2 =37 25
Ev cose k=
ca P = ZP csZM -~ smZPnZM. o A
cox P - cos ZP  oox ZM cos 67° 547247 - cos 37729 407 . cos 56° 24" 307
=7Z7P . =2M - = 377 2% 4. sin 56° 24° 507
From whch 4=57° 6 427
= Ar=mrh of e sm=57" 6 48"
Siore B2 m= B8 D Ge wem (or kfl) of e RO, the trne bearing of RO.
= Azimt of s+ horiomz] angle
=T € &2 + 187 27 3 = 1157 27" 18" (Clockwise from Nord).
Example 152, A ¢ poirr in lziude 557 45°12° N the aoltiude of sun's cersre
war found 10 be 23°17°27 @ 5" 17% PM (GM.T.). The horizonza! angle of the RM.
ond mem’s comre war 62°24°37. Find the ovimeh of the sun.

the ftfﬂﬁ-’-g wj!a =J]8° 207 30r

(UL)

@ c A=

De=a:

(a) Suns dectnamion of GAN. on day of observazion =17%46"52°N
(5} Varzomon of declinanion per hour ==-37"

{c) Refracion for climude 23°* 20° A =0*2"12"

=05
=6"0". (LRSE)

Solution

) Celculation of declination

G.M.T. of observation =5"170° (P.M.)
Add Equation of time . =067 ¢

- G.A.T. of observation =5*23"0" (P.M)
Now declinztion at G.A.T. =17°46 52" N
Apparent fme interval since G.AN. =s'n=¢

._\mamnmrhedeclmamnmmnum:mwaJnmemchTP:rm
=339 (d=crease).

- Declination 2t G.A.T. of observaton = 17° 45 527 -3 39
= 17243 13"

@) Cdculation oltitude

Observed aldmds of sun’s cenre =23 17" 32*

Subaact refraction correction = 0 212
=23° 15" 20"
Add parallax correction = o 8
Correct alamde =23° 15" 28
Now, co-altids =c=50"—0 =00° — 557 45" 12°= 34 13" 48~ _
Co-declinarion =p=90°-5=00°-17243" 13" = 72° 16" 47~
Co-latimnde =7=90°-a =00°-23° 15" 28" = 66° 44" 32~
25 =173% 15 O7*
: 1= 86° 37" 347
S-¢c=52°23"45" : s—p=14220"47" ; s-2=15°53" 02"

Now, the azimuth of the sun is given by
an A w,sin(s—z)sin(x—c)_\[sinlwss'cz-fasrn-w
BT Y. sn(-p) " 86737 34 sz 137 20 47
-“--4s= 15743 or .4=92°31'26".

Example 1.53. AI a station in latitude 52° &' N, longitude 19 ° 30" E, the direction
q”"ﬂlﬂidianiibla'»nappmximeb'bwinordermﬂxixmpmdsﬁyuum
© make an extrg-meridian observarion of bright-star (5=29°52'N, R 4. = ]6* 23% 30" in

the lare afterncon. It is considered that the most suitchle time is 17* 5™ GMT om a
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direction,
Iculate the approumate e
Ca scope should be pointed 1o Om?

- lql

P i _‘.l‘
date when G.ST. of GMM._ in " rich the teles

west of the meridian. and the alritude, at
the star 3o that exoct observations may be
made om i

Salution. In ordet 1o calculate the hour
angic of the star, let us first compuie the
LST. of ohservation of the star.

G.M.T. of observation=17" 570"

To covert it imto 3.1., add the acceleranon
at the rate of ©.8656 seconds per hour.

17 » ©.8656 = 167.56 scconds
$™ »0.1642 = 0.82 second
Total - 165,38 seconds = 27 48.38" FIG. 1.54

S1. = G.M.T. + acceleration
o gt ™ s 2™ a8 38 170 77 48.38"

G.ST of observation=G.S.T. of GMM.+ S.IL
-3t 12" 12*+ 17 77 48.38"

= 20" 20 0.38"

Add west longroude = 1" 18"

= 21* 387 0.38°
= 16* 23" 30.0°

LS T. of observauon
Subrract R.A. of star

H.A. of sur = 5 14™ 50.38" = 78° 37" 36"
I= Fig. 1.54, M It meposmonofmcsmnthcmsmmofobscrvauon.mnhnm
o the sun and T. Zs.mnbofdrobwvamdi’lsmcpolc
PM = co-declination = 90° - 29° 52'= 60° 08' = p
PZ = co-latimude =90°-52°8 =37°52"=c¢
Now, from the pstronomical trisngle ZPM,
sinu—einasinesoou—wspoosc

o = cos &, cos 6 sinp.sinc
o1 cosr=cos H . sinpsinc+cospeos ¢
= cos 78° 37° 36" . sin 60° 08" . sin 37° 52' + cos 60° 08" . cos 37° 5
From whach r= 60" 7 327
Alnirude of sur = Y0° - 7= 29% 52’ 28"
sin A sml .
Also by nde, sinp 867y

v
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sin A =

K - in g 507 37 357
y sin 607 7" 32°

A=T8°38" 56" (west).

Example 1.54.  Find the azimun the i g '
ohservations for azimuth, of the line QR from the following ex-meridian

Object

Face Altitude Level
0 E
1 Y] L
2 Sun L 54 46
3 Sun R 52 43
4 R R
Horizonzal Circle Vertical Circle
A B c D
1. 3012720 21° 127 10~
2. 112°20°30" 29272020 " 24 30°20" 24 J0°40 "
3. 293° 40740 " 113740730 " 25° 0000 " 25 1'00"
4. 211°50°30" 3r°s50°20"

Latitude of station Q =36°48'30" N ; Longitude of station Q=4 12" 2'E

Declination of the sun at G.M.N.= 1°32°16".8 N decreasing 56°.2 per hour

Mean of LM.T. of two observations = 4" 15™ 30° P.M. by watch - watch 4 seconds
slow at noon, gaining 0.8 seconds per day.

The " value of level division = 15"

Correction for horizontal parallax = 8 *.76

Correction for refraction = 57" cot (appaum altitude).

Solution.
Mean horizontal angle = % [(112° 20" 25" — 30° 12° 15") + (293° 40r 35" — 211° 50’ 257))

= 3 [(82° 8' 10" + 81° 50" 10")] = 817 59’ 10"

Mean observed altitude = mean of the four vernier readings = 24° 45' 30°

Level correction = + ___EO; LE x value of the cne level division
94
=+-l-9‘6—43—.~ ter —+ 475

Apparent altirude = 24° 45° 30" + 47.5 =24% 45" 34" .5
Refraction correction = — 57" cot 24% 45" 34".5 = 1' 6.7
C‘orrecuon for parallax = + 8°.77 cos 24 45" 34°.5 = 7".§
True altitude = 24° 45’ 34°.5-1" 6".7+7".8 = 24* &4’ 35".6
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. _4h 5™ 30f
Mean time of observation =4" 15" 30
/ . 08 x 4.26 -+ 3.86‘
Watch correction = + [ 4 - 54 )
R
Correct L.M.T - 4" 15™ 33.86" .
S L] m s
Deduct East Longitude =4 127 32.0
[
h am s
G.M.T. of observation =0"3 1.8"6 y
Sun’s declination at G.M.N. =1°32'16".8 X
Variation for 3% 1.86° = - 56".2 (0.0505") = — 2.8°
servation

Declination of sun at the instant of ob
=1°32'16"8 - 2.8%=1°32" 14"

Now, in the astronomical wiangle ZPM,

ZP=c=90° - § = 90° - 36° 48" 30" = 53° 11" 30"
ZM =1z =90° — a = 90° - 24° 44’ 3576 = 65° 15 24°4
= 88° 27’ 46"

PM =p=90°-§=90°—1°32' 14"

2s = 206° 54’ 40".4
s = 103° 27" 20".2
- s—c=50°15"50"2 ; s-2z=38°11"55".8 ; s—p= 14° 59° 33".8
The azimuth A is given by
A_Afsin(s—z)sin(s-¢) sin 38° 117 55”.8 . sin 50° 15* 50”2
2 sins.sin(s-p) | sin103°27' 20".2 . sin 14° 59’ 33"8

: 4627479 or A=124T149°8
AzZimuin of the sun=124° 14’ 9".8 v .
(west, since the sun was observed in the evenind
Clockwise angle from the R.M. to the sun=81°59' 10"
- Azimuth of line from north towards west
) = 124° 14" 9".8 + 81° 59’ 10" = 206° 13* 19".8
Azimuth of line from north (clockwise) ;
= 360° — 206° 13 19”.8 = 153° 46' 40".2.
1.17. THE DETERMINATION OF LATITUDE
The following are some of the most practicable and most generally used metpo
for determining the latitude of a place :
1. By meridian altitude of sun or star.
2. By zenith pair observation of stars.
3, By meridian altimde of star at lower and upper culmination.

-

* determination may be increased if it is possible
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4. By ex-meridian observation of
5. By prime vertical transits.

6. By determining the. altitude of the pole star
7. By circum-meridian altitude of .sun or star, .

LATITUDE BY MERIDIAN ALTITUDE OF STAR
In this method, the altitude of a heavenly.
pody is measured when it is crossing the meridian.
The method is based on the important fact that
the latitude of the place is equal to the altitude
of the pole. If we can measure the meridian altitude
of the star whose declination (and hence polar distance)
is known, the latitude can be easily computed.
The observed altitude should be corrected for the
refraction, as discussed earlier. The accuracy of

star or sun.

1. (a

to take two observations for altitude upon the same
star, the face of instrument being reversed after
the first reading is taken. This is possible with
close circumpolar stars, specially when observations
are taken with an ordinary 20" theodolite. The

method is, therefore, used for less refined deter- piG. 1.55. MERIDIAN ALTITUDE OF STAR
minations. The direction of the meridian of the '
place must be known, or must be established before the observations are made.

To calculate the latitude (0) of the place of observation from the known value of
declination (8) and the observed value of the altitude (a), we will consider the four cases
that arise according to the position of the star (Fig. 1.55).

Case 1. When the star is between the horizon and the equator.

M, is the position of the star when it is between the horizon and the equator.

ZP = co-latitude = 90° -
EZ = latitude = ©
SM, = q, = altitude of the star
ZM, = 90° - o) = z; = zenith distance of the star

EM, = &, = declination of the star (south)

Now EZ=27ZM,-EM, or 9=(90°-al)—5|=2|—5|
Hence latitude = zenith distance — declination.
" Case 2. When the star is between the equator and the zenith.

M, is the position of the star when it is berween the equator and the zenith.
SMy = oy = altitude of the star
ZM1=(90°—u1)=z,=zenith distance of the star
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M; = §; = declination of the star.
Now EZ = ZM; + EM;

or 85(906-0.;)4'51 or e=2+51

Hence latitude = zenith distance+declina:ion.
Case 3. When the star is between the zenith and the pole.
M, is the posion of the star when it is between the zenith and the pole,
NM, = a, = altitede of the star
ZMy = (90° — @) = 2y = zenith  distance of the star
EM, = §; = declination of the star
Now EM = EM, - ZM,
or =58-(90-a)=8&-2
Hence lasitude = declination — zenith distance.
Case 4. When the star is between the pole and the horizon.
M, is the position of the str when it is between the pole and the horizon,
AM, = o = altitnde of the star
ZM. = (90° - c) = 2 = zenith distance of the star
FM, = 8, =declination of the star.
Now PN = altimde of the pole = latimde of the place =8
=NM,+ PM, =0.¢+(PF—FM1) e
= g+ (90° - 8 =(90° - z) + (90° - &) = 180° — (z + &4)
Hence latitude = 180° —(zenith distance + declination).
1. (b)) LATITUDE BY MERIDIAN ALTITUDE OF THE SUN
The slumde of the sun at local apparent )
noon (menidian passage) may be measured by placing
tie line of sight of the mansit in the plane of
the meridizn and observing the alttude of the
upper or lower limb of the sun when it is on
the vertucal cross hair. The observed zltimde is
then corrected for insorumental errors, refraction,
parzilax and semi-diameter. The mean time of ob-
servation should also be noted. The declination
of the sun coannually changes, and hence a correct
imowledpe of mezn ume and longimde of the
place of observation is essential in order 1o compute
the value of declination at the instant of observation.
Knowing the zitinde znd the declination of the
sun at the instent of observanon, the latinude can
be computed as follows (Fig. 1.56).
In Fig. 1.56, M is the position of the sun.
SM = a = meridian altitude of the sun

i

Z

K

o'

FIG. 1.56. MERIDIAN ALTITUDE
OF THE SUN.

“ted).
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ZM = 90" - a = z = meridian zenith distance of the sun.
EM = & = declination of the sun. .

Then latitude = 0 = EZ = ZM + Em
=(90° -a)+5=2+5
of latitude = zenith distance + declination.

In the above expression, & is positive or negative according as the sun is to north
or south of the equator.

.If the direction of the meridian is not known. the maximum altitude of the sun
i observed and may be taken as the meridian altiude. This is not strictly true. cdue to
qun's changing declination. However, the difference between the maximum altitude and the
meridian altitude is usually a fraction of a second, and may be entirely neglected for observations
made wigh the engineer’s transit or the sextant.

Mean | Jan. | Feb.[ Mar.] Apr. [ May [Juns | Aug. | Sep.]| Oct | Nov.[ Cec M@ml
tims {10 20{10 20{10 20{10 20|10 2c[10 20[10 20[10 20]10 20|10 20}10 20[*C 20 tme |
I 1 T T . L T LT_'_1
11:45 1 AT 1145
T 1 e
T /AT 1
LU —
11:50 T A~ 11:%0
el e e
> {7 ! | S |
’n '{ ) R + P
11:55 T;a T i R
' ;e 4 )
Mean ~ — i Maan
noon - g — L noen |
1 L 13 ) 1
Ju L T ) . .
yi b " T 1 :
12:05 3 o — — 11 1205
7 7 : L1 +
1 1 L i1 L
AY 1 11 | D D S
v / —1 |
| I T v ) { 11
. T 1 ! 12
12:10 e mmm == A
A} T T 1T T
| G - ) A A 1
1T T X 1 1

FIG. 1.57. MEAN TIME OF APPARENT NOON.

In order that the observer may be well ready for tking the observations at the
meridian ‘transit, standard fime or the watch time of local apparsnt noom must be known.
The standard time of local apparent noon varies throughout the year. Fig. 1.57 shows
graphically the local mean time of the local apparent poon. The standard time can be
known by applying a correction for the difference in longitude bgtween the local meridian
and the standard meridian. The observer should be ready to begin observing at this time.

(2) LATITUDE BY ZENITH PAIR OBSERVATIONS OF STARS

This method is an improvement over the previous method to get mere precise results.

ertors of observation, refraction and instrument can be effectively reduced by making
Observations upon two stars which culminate at approﬂmmly equal latiudes on opposite
Sides of observer's zenith. The altitude of one star at its culmination is observed first.

~va
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The telescope is then reversed in azimuth and the meridian altitude of the other Star

then observed. The two stars chosen should be such that their nghflascenﬂmjs differ .
10 © 30 minutes. The time of culmination of these TWO 3‘“5."""1 then differ by 1
to 30 minutes and the observer will have sufficient time in observing the second gy, aftey
taking the reading of the first and reversing. . imatel ‘

Thus, let M, and M, (Fig. 1.55) be the two stars mv:ug aPPro.xun.ate Y equal 3|litudu
to the north and south side of the observer's zenith, and having their time of culmina:iom
differing by 10 to 30 minutes. '

As derived carlier, _ .

For the position M;, latitude 0=(90°-a)+& (1)

For the position M;, latitude 6 =8 - (90° - @) Y

R _ay-—az | &+

Average Iaﬁmde:%[{(%’—u:)+5:}+ {8:-(90 '“3)}]’_2—'*‘?

From the zbove expression, it is clear that the average latitude  depends upon s,
difference in latitudes of the two stars, and nor on the indivnd_ual laumfje. Hence any e,
in the correction for the refraction will be common to both the latitudes (which are approximately
equal) and will be eliminated by taking tle difference of the two latitudes: Similarly, e
instrumental errors are also largely eliminated because these will be practically the same
with each observation. .

* It should be noted that the face of the instrument is nor reversed while reading
the altiude of the second star. To take the reading for the meridian altitude, the telescope
is directed to the true meridian, and the altitude is measured when the star intersects the
vertical wire, 3
(3) LATITUDE BY MERIDIAN ALTITUDE OF A CIRCUMPOLAR STAR AT UPPER

AND LOWER CULMINATIONS , N

In this method, the altitude of a circumpolar star is measured both at its upper
as well as the lower culmination. The mean of these two altitudes gives the altitude of
the pole and hence the latitude of the place
of observation. This is proved below (Fig. 1.58). Z A

M is a circumpolar star. A is its position
at the upper culmination when its altitude is € ML P (Poll
maximum. B is its position at the lower culmination *
when its altitude is minimum. The dotted circle - s
shows the path of the star round the pole,

AN = q, = 2ltiude of the star at its [}
upper culmination, ‘

BN = a, = altiude of the star at its
lower culmination.

Now latitude of place = altitude of the.
pole =0 = PN >

Horizon N

FIG. 1.58

[IELD ASTRONOMY _ s

PN=BN+ BP =, + BP
Also PN=AN - AP=qa, - AP
Adding the two, we get
' 2PN=(0.1—AP)+(u1+BP)
But AP = BP = co-declination of the star

o+

2PN=a, + a; 6r PN=6=

Hence the latitude of the place of observation is equal to half the sum of the altitude
observed at its upper and lower culminations. In this method, the knowledge of the declination
of the star is not necessary. However, the method. is open to the objection that 12 sidereal
hours elapse between the two observations. The: method is, therefore, not much used.
(4 LATITUDE BY EX-MERIDIAN OBSER.VATION OF STAR OR SUN

In this method, the altitude of the star is observed in z
any position. The exact chronometer time is also noted at the T
instant the observation is taken. The known mean time of the
chronometer is converted into the local sidereal time. The hour
angle of the star can then be computed from the expression:

LS. T. =R.A. of the star+ H.A. of the star.

In the astronomical triangle MPZ in Fig. 1.59,

|

ZM=90°—u=-g-—u (knowr1)
PM=90°—6=;—5 (known) »
ZMPZ = H (knowr1) 43 s

Hence the side ZP = (S0° - 0) can be ca'culated from the

cosine ‘formula
5 i i in( - o L H
cos[i—u)=cos(i—9]cos(2 5)+sm(2 O]sm(z )cos
or ‘ sin o = sin 6 sin & + cos 8 cos & cos A1)
In the above equation, there are two terms for ©, i.e., sin @ and cos 6. The equation
can be best solved by. introducing two arbitrary unknowns m and n as follows :

FIG. 1.59

Let sin5=msinn ..() and cosScosH=mcosn N (1))
Dividing () by (i), we get
sind __sinnm o a5 sec H=tann (i) ..(1.48)

cos dcos H cosn
Substituting the value of equations () and (i) in equation (1), we get
sina=sinB®.msinn +cos 6 .mcosn
sin @ = m (sin 0 sin n -+ cos O cos n)

or
or - sine=mcos (0 -n)
or m = sin a sec (0 —nY) ...(1.49)
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e : et
Substituting the value of m in equation (). W€ ¥

sin §=sina . soc (8 —m).smn

. cosce 5 - #9) . (Lsq)

o cos (0 -m=sima - 7 CUE then substituted in equay;

. value of n is obtined from equation (i), aad . 1on
(@iv) toT::ts mu:e value o?’ 6. For the uss of the method of computation of 8, see “_nmple
1.60. ‘
(S LATITUDE BY PRIME VERTICAL TRANSIT

As defined earlier, the prime ver-
tical is a plane at right angles to the
meridian, running truly east and west.
A star, having polar distance less than
90° and greater than the co-latitude of
the place, will cross the prime vertical
twice in a sidereal day. The field work,
therefore, consists in measuring the nmc
interval between east and west (ransits
of the star. The best stars for observations
are those that cross the prime vertical
pear the zenith.

Thus in Fig. 1.60 (a), S, W, N
and E are the south, west, north and
east points on the horizon Z is the zenith
of the observer, and P the pole. The
dotted circle shows the path of a cir-
cumpolar star, WZE is the plane of the
prime vertical passing through the west- *
east points and hence perpendicular to
the meridian at Z. M, and M, are the
east and west transits of the star across
the prime vertical. Half the time that
elapses between the two transits
M, and M, in sidereal hours represents !
the angle M,PZ (H). (b) Astronomical triangle

From the right angled triangle M, PZ FIG. 1.60. LATITUDE BY PRIME VERTICAL TRANSIT

(a) Plan

M| P= 90°f5 (hmwn)
IMFPZ=H (knovm)
ZP = (%0° - 8), to be computed.

From the Napier's rule for the right-angled triangle, ([Fig. 1.6p ©).
sine of the middle part = product of tangents of adjacent parts )
sin (90° - H) = tan (90° - 0) 1an &
or  cos H=cot 6 1an
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of \tanB=tand. sec y
where (H=half the interval of time between the east and thc west transits
ey cxpressed in angular measure.

Since the altitude is not measured in this method, the errors due to uncertainty in
the value of refraction is largely eliminated. Also, the exact knowledge of local time is
pot required since we have to simply measure the interval of sidereal hours that elapses
petween the two transits. However, the approximate local time of prime-vertical transits
must be‘known. :I'o take the time readings, the instrument bas to be directed towards
the direction of prime vertical, first to the east side and then to the west side, and measure
the time when transit occurs, ie., where the star crosses the vertical cross-hair.

The effect of an Error in the Determination of the Time Interval

Let y=error in the determination of the time interval
and x = corresponding error in the latitude.
sin 264 { tan’ @ '
- X=y— _—
Then Y= s ...(1.51)

From the above relationship between the two errors, we draw the following conclusions:

(1) If =8, x is very small. However, the star would pass through the zenmith and
observations cannot- be made.
A (2) If 8=0, the star would pass through E and W points, the interval between
the transits will be exactly 12 hours whatever may be the position of the observer and
hence the determination cannot be made. The value of x will be great for very small
value of 8. 4 -
~ Hence the stars observed should be as high up on the prime vertical as is consistent
with an exact determination of -the time of transit.
The effect of an Error in the Direction of Prime Vertical

The: error in- the setting out of the direction of the prime vertical has very limle
effect in the latitude of the place for ordinary engineering purposes. If the eastern transit
occurs -earlier due to the wrong direction of the prime vertical, the western transit will
also take place correspondingly earlier, though not exactly by the same amount. In a
latitude of 30°, even if the prime vertical is set out by 1° out of its true position, the
resulting error in latitude determination will be less then 1" for observations on a star
having declination = 20°. :
Striding Level Correction to Prime Vertical Determinations

For the prime vertical determinations, the instrument must be in perfect adjustment.
If the transverse axis of the instrument is inclined by a certain value, the resulting error
in the determination will be equal to this value. Hence striding level should always be
used when taking the vertical observations. .

Thus, in Fig. 1.61, if the transverse axis is inclined, ECW is the circle upon which
observations are made instead of the true prime vertical EZW. The star is then observed
to the transit at the point M on the inclined prime vertical. The observed angle

MPC:F. :
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Then cot CP = tan§ x scc H, if we take £PCM =90°.
Then true co-latitude = CP £ ZC )
or true latitude = 90° - co-latitude = observed latitude + ZC
' N-5,
(1 _52)

where ZC = angular measure of the level correction =
where N = mean reading of north side of bubble.
S =mean reading of south side of bubble.

d =value of one division.
Use —sign if C and P are (o the same
side of Z =and + sign if C and P are to the

opposite side of Z.
Thus if the south end of the axs is

higher, C and P will be 10 the same side

of Z and the level correction ZC should be

subtracted from the calculated value of the S

latitude to get the true value of the lanrude.
However, if the north end of the axis

is higher, C and P will be 1o the opposite

sides of Z and the level correction ZC should -

be added 1o the calculated value of the latitude

to get the true value of the lariude. "

(6) LATTITUDE BY DETERMINING THE ALTITUDE OF THE POLE STAR AT ANY TIME

We know that the latitude of 2 place
is equal to the altitude of the pole. If there
were any star af the pole, we could have observed
irs alriude. However, the pole star is very
pear to the pole. The altiude observations on
the pole star can, therefore, be made at any
known time, and correction can be applied 10
the observed altiude to ger the latiude of the
place of observation.

Thus, in Fig. 1.62, M is the position
of the pole star at the time of observation.-
Let a be the observed altitude. The mean
time is also observed from the chronometer, g, L8
and is converted into sidereal time. The hour angle H is then computed from the relation:

L.S.T. =R.A. of pole star+ Hour angle, - ’

In the wiangle ZPM, zu=§-a (known) ; PM:[%-B)-p (known)
2zPM=H _ (known) ’
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The c0-latin71‘dc ZP can be calculated from the cosine formula
cos(-i—a.)ecos[%-e]cos[-;--sl+sin(%-ﬂ]s'm(%-é)cos”‘

g Sin @ = 8in 6 sin & + cos O cos & cos H
. sin o =sin O cos p + cos 8 cos & cos H LA
Let o differ from 6 by a small amount x, so that
a=0+x, where x is the small correction
Substituting a=0+x in (1), we get
sin B cos x + cos @ sin x = sin O cos p + cos 6 sin p cos H

Expanding the terms having small quantities x and p, we get
, 2 (2 .
mg[l-7+...]+cosB[x--é-+...]=sin0(l-é,,,}‘i—cosecosﬂ[p-%dr.. ) --(2)
Neglecting the square and higher values of x and p in the above, we get
x=pcos H ...(D) (1.53)

This gives the values of x to the first approximation.
Next, retaining the squares of x and p, and neglecting their higher powers in equation

(2), we get

or

2

xcosG:pcosecosH—P-z—sin9+§sina

2
Putting P =plcos’H, we get x=pcosH—%zaaesin‘H (i) (1.54)

This gives the value of x to the second approximation.
The second term in this expression is very small, and becomes still small when
multiplied by p*. Hence we can approximately write tan 0 =tanc so that
x=pcos H-3p' . tana. sin’H :
where x and p are in circular measure.
If, however, x and p are measured in seconds, we get
x=pcos H-3p' tna.sin’H . sin 1"

The correct latitude is, therefore, given by
8=a-Xx

' : e=a-pcosH+-;-p‘lann.sinzH.sin " ...(1.35)

or

The above formula gives accurate results within 1”.

The field observations consist in observing four altitudes in quick succession — first
with face right, two with face left and then again with face right —and the chronometer
time of all the four determinations are observed. The mean values of the four ainmudes
and the four times are taken for the computation of 8. The declination and R.A. of the

pole star are taken from the nautical almanac.
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(7) LATITUDE BY CIRCUM-MERIDIAN ALTITUDE O_F Srof o e s
ations
e crcasimeridhan observations e e Obscwdctcrmmanon of latitude by observmg

te
to the meridian. The method is used for very ac‘:“‘: ¢ the several stars for a few minye,

the circum-meridian altitudes at noted times of eac
before and after tramsit and reducing them fo the me:;ﬂ;m toaﬁ;u::mezge a::r OJ:ryd‘::u::
erroneous value of refraction, personal error and those pairs of similar altituge,

; and south stars in
fedoced by obeerving. an syl Ener-of nm.;]llso essential to calculate the hour angle o

Accurate chronometer - time and its error 1§ n
the individual stars. The observation of each star is commenced about 10 before the compyeq
time of transit and is continued for about
10™ after transit. Equal number of the face right
and face left observations are necessary on a particular
star. However, both face observations are not taken
if observarions are adequately paired on north and
south stars.
In Fig. 1.63, let
2= MZ = zenith distance of star M,
corrected for refraction
. p=MP =polar distance
¢ = PZ = co-latitude
H=/MPZ=Hour angle
From the astronomical triangle MPZ, we get ~
cos z=cos ccos p+ sin ¢ . sin p cos A (1)
Let x = correction to be applied to the observed z to get the meridian zenith dxsmnce

when the star is on meridian.
Then meridian zenith distance =z - x.
Again, when the- star is on the meridian, its zenith distance
=MZ=MP-ZP=p-c.

FIG.

1.63

“

Hence z-x=p-c . @
Writing cos H-»l-Zsng in (1), we get |
€OS Z = CO8 € €OS p + sin ¢ sin p - 2sinc. sinp . -zli
or . cosz=cos(c-—p)-2mc.smp.'sinzg
or . Cosz-cos(p-c)=-2sinc.sinp. sm‘” )

Substituting p-c=z-x from (2), we get
co“-cos(z-x)=f23ir.1c.sinpsin‘¥

X XY S5 - gy
smi-sm(z 2) smc.ampsm’i—
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sin ¢ . sin p . sin E

of arc.

But

and
where

or

where

Also, putting sin[z-%]:sin(z—x)=sin(p—c)

From which sin §= 2
- x
“le g
Since x is small, we can replace Biu% by f-zsin 1”, if x is measured in secords
' ) -H
) 2 2 sin? —
y_Sinc.sinp 250 3

m(z,_%] sin 1

(approximately)

ot sin ¢ . sinp 2’“’2;;
we = -
. sin(p-¢) sinl" =G
sinc=cos @ ; sin p = cos & .
sin (p - ) =sin (meridian zenith distance) =cos (meridian altitude) = cos h
h =meridian altitude.
Then equation (3) reduces to
.2 H
2 sin’ =
_cos 6 cos & 2
== —F ..(8) (1.56)
But h=a+x, where o =observed altitude
" cos 0 cos & Zsinzg
Hence' h=a+ , , ...(6)
cos h sin 1"
h=a+ Bm (1.57)
0. cos § 2sin’
_cos 9. cos o 2
Y T ..[1.57 (@] and m T R e )

(H is in arc measure)

The factor m is usually taken from the tables.
. If a series of observations are made upon the same star, the factor B is the same

for ach observation.

In the factor B, the value 6 to be used is the approximate value deduced  from

the map or determined from the meridian observations. Similarly, h is the meridian altitude
computed from the approximate latitude and the known declination of the star.

. = circum-meridian altitudes of the same star

Let o, Oz, O -e
A my, ma, my... = corresponding value of m.
Then =t +Bm ; Mm=ca+Bm | hy=ay+ Bm ¢ etc. efc.
* Hence ho = 0o + Bmo
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meridian alticudes

ho=mean of the ‘deduced
ed altitudes

@ = mean of the actual observ
mo = mean of the computed factors m
,Thus the meridian altitmude of the star is known.
More exact formula
A more elaborate formula for getting the meridian altirude from the 0
is as follows : )

where

bserved circum-meridigy

h=a+ Bm+ Cm --.(1.58)

o H
2sm2

sin 1" RO

where C=Btnh .J1.58 (@] and m' =
The term C.m' is pever more than 1".

Knowing the meridian aldtude (h), the latitude 6 can be calculated by the formul

developed in method 1 of determination of latitude.
If special tables are not available, m can be calculated as’ follows :
2 sin® = H

m=— 2 , (where H is arc measure) ;
sin 1" )

But 1 sec. time (H)=15" arc

2 sin’ 2(15H)
= = (where H is in seconds of time) ...[1.59 (a)]
_225 pn (i1 225 a1
’2H'sin1~'2H'206265
2
H_ g being in seconds of time. ...(1.59)

I834
Example 1.55. The meridian alritude of a star was observed to be 65°40°18" on
a certain day, the swar lying berween the pole and the zenith. The declination of the star
was 53°12°10" N. Find the altitude of the place of observation.
Solution. (Fig. 1.55)
M, is the position of the star under observanon Let us first correct the altitude
of the star for refraction.
Correction for refraction = 57* cot 65° 40 18" = 25,78
True altitude = observed altitude - refraction
= 65° 40’ 18" - 25".78 = 65° 39" 42" 22
zenith distance z; = 90° — 65° 39’ 42,22 = 24°20'17".78
Now latitude = declination — zenith distance
=8;—23=53%12" 10" ~ 24° 20 17”48 = 28° 51" 52".22 N.
Example 1.56. The meridian altitude of a star was observed to be 64° 36°20" 01

a cerain day, the siar lying between the zenith and the equaro of the
star was 26°12°10" N. Find the latitude of the place afqob:errvaliz;t declbelion,

¥

star

oy ASTRONOMY

Solution. (Fig. 1.55)

M, is thc position of the star under observation. Let us first correct altitu;ie of the

for refraction.

= 649 36’ 20:7
Zenfth - distance = z, = 90° ~

Refraction correction = 57" cot 64° 36’ 20" = 27".06

True altitude = observed altitude — refraction
- 27".06 = 64° 35’ 527.94
64° 35’ 52”.94 = 25° 24’ 7".06

Latitude = 8, + 7, = 26° 12* 10" + 25° 24’ 7°.06 = 51° 36’ 177.06 N.
Examp]e 1.57. An observation for altitude was made at a place in longitude

Solution. (Fig. 1.56)
In Fig.

1.56, M is the position of the sun, to the south of zenith.

The latitude of the place = corrected declination + corrected zenith distance.
Let us first correct the observed altitude for refraction,” parallax and semi-diameter.

(i)  correction for refraction = - 57" cot 44° 12'
=+ 8".78 cos 44° 12* 30" = + 67.29

=+ 15’ 45".86. The correction is additive
since the sun's lower limb was observed.

(i)  correction for parallax
(iif) correction for semi-diameter

Now observed altiude of sun=44°12'30"

Add parallax correction = 06".29
Add semi-diameter = 15" 45".86
=44°28' 22".15

59".60

Subtract refraction correction =

Correct altitude = 44° 27" 22".55 .
-~ 44°27' 22755 =45°32'37".45

Zenith distance z=90°

30" =-59".6

Now when the sun is over the meridian, the L.A.N. is zero.

Longitude = 75° 20’ 15" W <" 1721° west

LA.T. of observation=0"0"C
Add west longirude = 5" 17 21"

G.A.T. of observation=35"1"21"
Declination of sun at G.A.N.=22°18"12".8
Add increase = (67.82 x 5.022) = 34".25

——

. Declination of sun at L.A.N.=22°18'47".05

750201 15" ‘W. The meridian altitude of the sun's lower limb was observed to be
4 12307, the sun being to the south of the zenith. Sun’s declination at G.A.N. on the
day of observation was + 22° 187 12".8, increasing 6".82 per hour, and semi diameter 15 45".86.
find the latitude of the place of observation.

(D)

A2
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Sige. e wn ' fn. e ou B mcoslTT:oe 32+ 377,45 = 67° 51" 2575,
8 =05+z=22°1847" is 1o be obs ,
Example 1.58. A star of declination 46° 5 ’33: (‘:::m;:}.;; 't;e approxei’r::i al low,
and upper transit at a place in approximate Wi"fd‘ 80 R:m’ accurate observations Pparey
altitudes at which the star should be sighted in order may 4,
made upon it. Bl
Solution
In Fig. 1.64, F'' is the south pole
and Z is the zenith of the obscn:er. EO
is the equator, and NV is the hon.zon. N
and § being north ard south pomts on
it. M, is the position of the star at Its
upper transit and M, is the position at lower
transit.

128

¥ ‘—.—.._.-._.-.-._.-._.-. N

i - N 0/ ———
o, = apparent altitude at upper L
transit (north) T
@, = apparent altitude at lower -

transit (south) .
a, = NOM, = NOZ - M\OZ = 90° - (E(_JZ - EOM))
= 90° —(6-6)=90°—e+8=90°—80°+46°45' 30" = 56° 45’ 30" N.

Now

Similarly, o, = SOM; =POS-POM;=6-(90°-8)=8-90°+5
= 80° — 90° + 46° 45’ 30" = 36° 45' 30" S. 4
Example 1.59. The following data relate to an observation of latitude by zenith par
Calculate the latitude. :

Star Declination Observed altitude ‘
af transit
M 20° 2548 S 48° 187 12" N
My 7°30°52° S 4754 65
Solution.

In Fig. 1.64, M,and M, denote the two stars ; P' is the south pole.
From the observations to star M, :
Latimde = 8 = EOZ = NOZ - NOE = 90° - (NOM, - EOM ) = 90° - a, + &,

oy = altiude of star M, and §, = declination of the star M
Frgm the observations to star M, :

| Latitude 0= P05 =90 - (5~ az) =90° - 5, + a

@i =altiede of star M; and 8, = declination of star M:

Hence average la!imde=;-[(90'-—a.+6.)+(90°_51+a2)]=9oo__°‘_I;__a_£'+

WAl
where

P
4

where

&b

2

1 To solve this equation for @, let

or
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In the above expression,
are 1Ot exactly equal,
for the two altitudes.

Taking into account the refraction correction, we have
o, (CO]TCCTCd):Ql_rI :

@ and a; are the observed altitudes. These two altitudes
and hence there will be little difference in the refraction correction

and ;' (corrected) = oz - ry
re ri and r; are the refracti i D i
whe on correcuon%{,)
Hence average latitude = 9ge - %1~ %2 + 5 -8 +h-n
2 2
Here ri=58" cot a; = 58" cot 48° 18’ 12" = 51".68

72 = 58" cot o, = 58" cot 47° 54' 6" = 52" .41 ‘
Substituting the values, we get
Average latitude = 90° — 48° 18’ l?"; 47° 54’ 6" & 20° 25’ 48"-79° 30’ 52" 4 517.68-52" .41
2 2

. =90° -24' 6" — 59° 5' 4 _ 07.36 = 30° 30’ 49”.64

. ![ _will .be seen here that if the effect of refraction is assumed to be cancelled,
the latitude will be 30° 30" 50”. The effect of refraction is thus extremely small, and may
be almost neglected if latitude is required to an accuracy of nearest 1°.

Emm.ple 1.60. The altitudes of a star were observed at its upper and lower culmination
at a place in north latitude and corrected for refraction. The values obtained are as follows:
Star : o Aldebaran

Altitude at lower culmination = 18° 36'4(r !
Altitude at upper culmination = 59° 48°20"
Find the latitude of the place and the declination of the suar.
_ ' Solution. (Fig. 1.58) . !
o) +a; 18°36° 40" + 59° 48’ 20"
7 = 3 =39°12’' 30"
Declination of the star=EA = EZ+ ZA =EZ+ (ZN-AN) =0+ (90° - a))
=90° + 8 — oy = 90° +39° 12’ 30" — 5§9° 48" 20" = 69° 24’ 10",
Declination = EA = EP — AP = 90° - AP =90° - BP = 90° — (8 — «y)
=90° - 39° 12" 30" + 18° 36’ 40" = 69° 24’ 10”.
] Example 1.61. A star was observed for latitude determination, and its corrected alritude
is 40° 36" 30", The declination of the star is 10° 36" 40" and hour angle is 46° 36 20" Compute
the latitude of the place of obser wion. :
- " Solution. (Fig. 1.59). The latimae .. (2 place is computed from the formula
sina=sinBsind+cosO.cosd.cos H ' w1}

The latitude 0=

Check :

sin§=msinn  and cos&cos}f=mcos n.
Then, by reduction, the value of n is given by
tan n = tan & sec H = tan 10° 36 40" sec 46° 36' 20"

n=15°15 12"
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Then, the value of 0 is given by - . 160 15' 12 o
cos(9-ni=s‘mu.sinn.cosccﬁ:sin40°36'30'-“"15 15" 127 cosec 10° 3¢ 45,
0 - n=21°36 33" . 815 48"
or 8= n+21°36 33" = 15° 15’ 127 +21°36' 33" = 36° 51 .

Example 1.62. Find the lotiude of the place from the Jollowing data

Longitude of the place, 108° 30'W
Altitude of sun's upper limb, 42°12'40
L.M.T. of observation 2"50™ P. M.

Date of observation :@ Dec. 15, 1947
Sun's declinarion at O hour on Dec. 15, 1947 : 23° 12186 (30"”1) increasing g

10°.6 per hour.
Equation of time ar 0" on Dec. 1
Sun's semi-diameter = 15'16".4
Solution

(@) Calculation of true alfitude
Correction for refraction = 57" cot a = 57" cot 42° 12’ 40"= 62".84 (subtractive)

Correction for parallax = 8".77 cos a = 87.77 cos 42° 12" 40" = 6".50 (additive)
Correction for semi-diameter = 15° 16”.4 (subtractive) :
Net correction = — 62°.84 + 67.50 ='15" 16”.4 =— 16" 12".74
. True altimde =42° 12° 40" — 16' 12°.74 = 41° 55’ 27".26.
(b) Calcudation of hour angle
Longitude = 108° 30' W = 714" W
L.M.T. of observation =14" 50" P.M.
GM.T. of observarion = 22" 04"
ET. a2t 0"=+6™18.5"
Decrease at 12° per hour for 22 04% = (1.2 x 22" 4”) = 26.48"
Now interval since LM.N.=LM.T.- 12" =14"50™ - 12"
=2" 50"

§=+6™18.5" decreasing at 1.2° per hoy

Add ET. 26.48"

Interval since L.A.N. =2" 50™ 26,48°
Hence hour angle (H)= interval since L.A.N.= 2 S0™ 26.48°= 42° 36' 37" %
{¢) Calculation of declination
G.M.T. of observation = 22" 04™ .
Declination of sun at 0"=23°12'18“.6 § '
Increase at 107.6 per hour for 22° 04" = (10".6 x 22° 4™) = 233,91* = 3' 53".9)!

3
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- Sun’s declination at the time of observation

=23 12" 18".6 + 3’ 537,91 =23 16" 127.51 (south
(@ Calculation of the lafitude "

The latitude can be calculated from the following formula :
1
5
un 2P _U+H
2 sinlA-H)
Let us first calculate the value of the azimuth (A) of the sun.
In the astronomical triangle ZPM, we have
ZM = co-altitude = 90° - 41° 55’ 277,26 = 48° 4’ 32774
PM = co-declination = 90° + 23° 16’ 12.51 = 113° 16’ 127.51
£ ZPM = H =42° 36’ 37",2
Using the sine rule, we get

lzn-'i(PM—Z’W) A1)

sin PM . sin 113° 16’ 12".51
sin m{-m—m . BmZP‘W=m x sin 42° 36’ 37".2
PZM = A ='123° 42' 36"
2 "1 (123° 42" 36" +42° 36" 37".20) =839 36".6
A-H
T e % (123° 42" 36" — 42° 36' 37".20) =40°32'59".4
PM - ZM

5 =3 (113° 16/ 12°.51 - 48° 4 32".74) = 32° 35’ 49°.9

Substimting these values in Equ. 1 above, we get
ZP sin 83° 9’ 36".6
2 Tsn40°32 594
52’1= 44° 20' 29".4 .
ZP = 88° 40’ 58".8 = co-latitude
Latitude of the place = 90° - 88° 40’ 58".8 = 1° 19" 1".2.
Example 1.63. Observations on a siar a-aldebaran were made of a place in N-latitude
for determining the latitude of the place by prime vertical transit. The following is the
record obtained :
Interval between the passage of a-aldebaran across prime vertical = 9 " 22" 6" mean time.

Mean readings of the bubble on striding level = 1% and 16¥
Value of each division =16"
Declination of the star = 15°20°48" N

Determine the latitude of the place of observation.
Solution. When the observations are made on a star at its prime vertical transit,

U latiude (Fig. 1.60) is given by

tan 32° 35" 49°.9
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Let us first :Jncﬁlar:m n:hour angle (H) of the star “ 1;5 ‘p e v.emca] Fansir
Interval between the passage across Prime veru'czl‘=9”22 6 meafnumc.
To convert it into sidereal time interval add acceleration at the rate of 9.8565 secong
per hour of meantime.

9" x 9.8565 = 88.71 seconds

22% x 0.1642 = 3.61 seconds

6" x 0.0027 = 0.02 second

sec H

5
Tota] acceleration = 92.34 seconds = 1™ 32.34

Sidereal time interval = 9" 227 6'+17 32. 34
— g" 23" 38.34" = 140° 54 35".1
H =half the time interval = 70°27' 17".55
Hence tzn 6 = tan 15° 20’ 48" sec 70° 27" 17".55
o 9 =139°20'25".6
Since the trumnion axis is inclined, let us correct the value,
Error cdue to striding lﬂcl=N;sxd=16;“ x 16 =40 "
As the porth end of the axis is l:u'ghc:r.1 the correction is additive.
Hence correct 8 = 39° 20" 25".6 + 40" =39°21'5".6
Example 1.64. In longitude 7°20° W, an observation for latitude was made on
Polaris on a certain day. The mean of the observed latitude was 48° 36° 40" and the average
of the local mean times, 20" 24™50°. The readings of the barometer and thermometer
were 30.42 inches and 58 F respectively. Find the latitude, given the following:
RA. of Polaris=1" 41" 48.64"
Declination of Polaris = 88° 58'28".26
G.5.T. of G.M.M. = 16" 48™ 20.86".
Solution
(a) Calculation of polar distance.
From Chamber’s Mathematical Tables (page 431)

Mean refraction for 48° 36’ 40" =51"
Correction for 58°F temp. =-1"
Correction for barometer =4 1"

Refraction correction =51" (subtractive)
True altitude = observed  altitude - refraction = 48° 36° 40" — 51" = 48° 35' 49"
(b) Calculation of hour angle (H). .
The hour angle can be calculated by s * “ting the R.A. from L.S.T.
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Longitude = 7° 20’ W = 0" 29™ 20" w
Acceleration at the rate of 9.8565 seconds per hour of longxmdc :

: ™% 0.1642 = 4.76 seconds

20° x 0.0027 = 0.05 seconds

Acceleration = 4.81 seconds
LS.T. of LMM.= GS.T. of G.M.M. + acceleration
= 16" 487 20.86" + 4.81" = 16" 48™ 25.67" .
L.M.T. of observation = 20" 24™ 50°
To convert it into sidereal interval, add acceleration at the rate of 9.8565 seconds

per mean hour. .
0" x 9.8565 = 197.13 seconds

24™ x 0.1642 = 3.94 seconds
50°x 0.0027 = 0.14 second -

" Total acceleration = 201.21 seconds = 3™ 21.21*
Sidereal interval since L.M.M. = Meantime interval + acceleration.

= 20" 24™ 50° + 3™ 21.21°%,
_ =20"28" 11.21°
Add L.S.T. of L.M.M.=16"48™25.67*

=37" 16™ 36.88° — 24"
=13" 16™ 36.88°

Deduct R.A. of Polaris= 1 41™ 48.64°

L.S.T.

_ Hour angle (H)=11"34™ 46.24" = 173° 42" 3".6.
Now, latitude 6 = a - p cos H+%sin 1” p*sin” H . tan a.
P=polar distance = 90° — 88° 58’ 28”.26 = 1° 1’ 31".74 = 3691".74
First correction = p cos H = 3691".74 cos 173° 42 3".6 = - 3669".5=—-1°1'9".5
“Second correction = 5 sin l"p’sin’H.tanu
=1x 3691.74)" sin® (173° 42 3".6) tan 48° 35' 49" = 4
3 206265 e ) ( ) 0".5.
(Nare The above calculations for first and second corrections may be done with
! five figure log table “if the answer is required to the nearest 1%.)
Hence 0 = 48° 35/ 49° — (- 1° 1' 9".5) + 0.5 = 49° 36' 59" N.
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Example 1.65. The laritude of a siation 20'{:‘ of the 1 2(: ‘:,;:Zgj “:,’} ‘r‘:: e
by reducing an observation of B Aquilae to meridian. ‘thc m‘ Al Star beiny
n 56° 5473 .

39°20°30" and the approximate latitude of the S1ario
The time of the observation, 10" 55™ 30" was taken with @ mean Bime chronome,,

which was I™ 25° fast on the standard time of the 120° meridian. The R.A. and decling,

of the star were respectively 19" 527 16" and 6 ° 15702 N, G5.T. af G.M.N. being & 30 20,

Determine the exact latirude by applying the airct
laritude.
Solstion. The meridian 2ltitude h is give

n by h=a+ Bm
cos 6 .cos 8 cos B .cosd '
e (R S—

whe =
B B cos k& cos a

2 s . »
and m= S where H is in arc measure. .

Let us first calculate the bour angle.
G S.T. of G.M.N. = 8"30™20° ‘
Longitude = 4° 20’ E of 120° W meridian = 115° 40" W= 7" 42™ 40°
Acceleration for 7" 42®40° at 9.8565 sec. per hour =1'16"
L5.T. of LMN.=G.S.T. of G.M.N. + acceleration
= 8" 30%20° + 1™ 16° = 8" 31™ 36*
LS.T.=RA. =19"52" 16 '
S.I. after LMN =LS.T.-LST. of LMN.
= 19" 52™ 16 - 8" 317 36" = 11" 20™ 40"
To convert it 10 mean time interval, subtract the retardation at the rate of 9.82%
2r sidereal hour,
Retardation = (9.8296%) (11" 20™ 40%) = 1™ 51.95°
M.T. interval after L.M.N.= S.L_ after L.M.N. - retardation.
= 11" 20" 40* - 1™ 51.95* = 11® 18™ 48.05"
Observed standard mean time = 10" 55™ 30°
Chronometer correction=- 1™ 25°

. Corrected standard mean time = 10" 45" 0s*
Correction for 4° 20’ Longitude (E) =+ 17" 20*

LM.T. of observation =n"nr2st :
Mean time interval before transit = MUT, interval afier L .M.N -LM.T
= 1187 48,05 - 1P 137 250 = b 77 23, 05°
Acceleration for 7™ 23.05" of méantime =1.21*

un-meridian correction 1o the Obserye

“this, the chronomete
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S.I. before transit= M,T. interval before transit + acceleration

. =7"23.05'+ 1.21" = 7™ 24.26" = 444.3* (D
: ' 2sin’ 3 H
Now m=——5— (where 1 sec. time H=15" arc.)
a2l 2 .
=25m'7(15m 2[‘2—5) H (sin 1M}
sin 1" - sin 1"
225 H? H (444.3)

, with H in seconds = = 107".6

T 2x206265 1834
_ cos Scos @ cos 6°15' 027 . cos 56° 54° 30"
cosa cos 39° 20 30"
cos 6° 15' 02" . cos 56° 54’ 30"
cos 39° 20’ 30”
Hence correct mericdian altimde = k= « + mB = 39° 20" 30" + 1" 15" 31 = 39° 21" 45".51
8=90°— h+ 5 =90° - 39° 21’ 45”.51 + 6> 15’ 02" = 56° 53" 15".49 N.

1834
B

Hence mB= =444.3" = 1' 15751

and

1.18. DETERMINATION OF LONGITUDE

Since the difference in longitudes between two places is equal to the difference in
their local times, the longirude of a place can be determined by determining the local
time (mean or sidereal) at the place and subtracting it from the Greenwich time (mean
or sidereal) at the same instant. The local time can be determined by any of the methods
discussed earlier. However, the finding of the Greenwich time at the instant of observations
is the main important part of the longitude determination. If the local time is grearer than
the Greenwich time (or the standard time), the place is to the easr of Greenwich meridian
(or the standard meridian). Similarly, if the local time is lesser than the Greenwich time
(or the standard time), the place is to the wesr of Greenwich meridian. The various methods
of determining the longitude are : ‘

(1) By transportation of chronometers.

(2) By electric  telegraph. "

(3) By wireless time signals.
(4) By observing the moon and the stars which culminate at the same time.
(5) By celestial signals.

(6) By lunar distances.

Methods (4) to (6) are only of historical interest and will not be discussed here.
() LONGITUDE BY TRANSPORTATION OF CHRONOMETERS

In this method, the chronometer time is noted at the instant of making the observations
for the local time. The chrorometer reading is then corrected for its tme and ratie. For
r should be previously compared with Greenwich tme and its error
and rate should be kmown. Thus, at the instant of the celestial observations we know the
correct Greenwich time, Comparing the calculated lpcal time¢ with that of the chronometer

time, we can find the longitude of the place of observation.
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Chronometer is 8 very delicate instrument. The main dﬂﬁu?lly arises from the fact
: tionary is not the same. Hepg,

that ix rate while 1 sported, and while it is sta . _
the ravelling rare o:‘cﬂ:-: c‘!::mpx\mr:-:r chould also be ascertained for precise determinations,
Seppose it is required to determine the difference in Jongitude hcl\:vccn. u\f-ol stations A4 ang
B, the chronometer being regulated to give the time of sfation 4,4. The ‘rate’ 0 1111c c:rnnnmctul
(€. the amount by which it gains or loses in 24 hours 18 ﬁ\}l"d at A. The chronometer
is then transported to the swtion B of unknown longirde and its error 1S determined wigy
reference to this meridian I/ the chromometer runs perfecly. the two waich correctiong
will differ by just the d.-_frrr}-mc in longitude.

The methad is now nat used by surveyors except whe
arc not available. However, it is still used for the
(2)  LONGITUDE BY ELECTRIC TELEGRAPH

If the two places arc connected by an clectric telegraph, the ""“Simdc can be determined
veny accurately by sending telegraphic signals in opposite  directions for the chronometer
times (local) Let A4 and B be the swations, 4 being to the cast of B.

Let 1= local time of A ar which the signal is sent from A to B.
and t:« local time of B st which the signal is received at 5.

If the transmission time is neglected, the difference in longimude () is given by

re wireless or telegraphic communications

¢ =t -4, 1 being greater than f,.
If, however, s is the time of transmussion, (1, +5) is the actual local time of A
corresponding to the local time 1, at B. Hence the difference in longitude is
¢=(h+)-n=(n-n)+s . (1)
Similarly, let & signal be semt in the reverse direction from B to A
let 1 = local time of 8 at which the signal is semt from B to A4,
('=local time of A at which the signal is received.
If the mansmussion nme is neglected, we get
¢=1"-1
If, bowever, 5 is the time taken in trznsmitting the signal (1, + 5) is the actual local
of B corresponding 10 the local time 1’ of A, Hence the difference in longitude is
¢ =0 - ra)=1"-1 -3
By averaging the “two results, we get

Difference i longitude = 3 [ (1~ +9) + (' - 1/=9) | = {1 =) + (1 = 1) |

3) LONGITUDE BY WIRELESS SIGNALS
Tie sdvens of wirclesi signals has rendered the cerrying of the time of the reference
mendian comparatively casy and most accurate. Time signals are now sent out from Various

wireless stations af stared imcrvals, sad the surveyor, by their aid, may check his chronometer

1 dmost any part of zhc_ world, A bist of wireless signals, their times and durations

couston fogether with thew wave Jengths and type of signals, is given in the Admirally
kst of wireiess zippals. which is published annually ; and changes or any corrections
noufied i the weekly Notices 1o Maniaers. Greeawich meantime signals are sent and usually

determination of longitude at seq,
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continue. for ad |::rmd l;:r Gve minutes. The signals are thythmic and consist of a series
of 61 Morse ‘?i‘ l.o ¢ minute, the beginning and end of each minute being denotsd
by 2 dash, which is counted as zerop of the series which follows.

8,

11,

12,

13

PROBLEMS

At 3 mi.m A in latitde 350°N, a straight lire is ranged out, which runs due ecast of A Thi
straight linc is prolonged for 60 Nautical miles to B. Find the lafitude of B, and if it be desired
to travel duc North from 8 so0 as to meet the 50° parallel agaim at C, find the angle ABC st
which we must set out, and the distance BC. . i

The R.A. of a sar being 20" 24™ 13.72%, compute the L.M.T. of its culmination »t Madras (Long
80° 14'19°.5E ) on Sept. 6, the G.ST at 0" GM.T. on that date being 22" 57" 04.95'

Fi‘nd the L.S.T. at a station in longitude 76° 20 £ ar 930 AM. (Indian Zore Time) on August
10 on that date at G.M.M. The R.A. of mean sun is 9" 13™ 30.9", (G.U.)
From the N.A., it is found that on the datz of obscrvarion, G.S.T. of G.M.N 3 14" 26", Taking
rewardation as 9.85 sec. per hour of longitude, find the LM.T. in 2 place = 4. when the local
sidereal time is 5" 20™ 0%, @U)
Find the local mean time at which B Leonis made its upper transit on 1™ May 1540 a2 a place &0° £
Given R.A. of B Leonis on 1* May was 11" 46™ 02" and G.S.T. of G.M.N was 9" 23™ 23" (2 1",

Find the R.A. of the meridian of Bombay at 4.30 P.M. Given : Longitude of Bombay
72° 48" 46".8 East ; G.S.T. at G.M.M.= 10" 10" 40.73* on that day.

(Nore: R.A, of a place =L.5.T.) )

What are the systems of co-ordinates employed to locae position of a heavenly body » Why it
is necessary, to have several systems instcad of one ?

Explain the systems of time reckoning known as sidercal apparent solar and mean solar ume. and
show how they differ from each other. (I.RSE)
What is equation of time ? Show, by means of sketches, that it vanshes four fimes a year.

Explain with aid of sketches how the quantities of the following groups are relatex! to cach other:

() The R.A. of a star, the hour angle of the sar at any instam and the sidersal tune ot
that instant.

(i) Equation of time, apparent time and mean tume.
Show that the equation of time vanishes four times in a year.

(a) Explain the following terms : ) )
() Equation of time , (i) Celestial sphere, (i) Parallax, and (iv) Sidereal time.
An observation was made on Dec. 30, 1919 in longitude £2° |7 W' E; the meridun altiude
of the sun's lower limb was 40° 15" 13", The sun was on the south of the cbserver's zenuth
Calculate the approximate latitude of the place. Correction for refracuon v 10° | for parallay
=69 :° correction for semi-diameter 10" 17".5. Declination of star at G.AN = 23* 1) 157
decreasing at the rawe of 9°.17 per hour B
What are ‘parallax’ and ‘refraction’ and how do they affect the measurcment of vertcal anglex

in astronomical work ? .
Give rough values of the corrections necessary W

In longitude 60° W, an obscrvation was made on f Tauri, whose RA. was 3" 219 5948 It
the hour angle of the sar was gh |§™ g, fid the local mean ume of observauon

Given G.S.T. at GMN. = 14" 46" 39.53"

(AM1E)

()

hen measuring a vertical angle of 45% (AMLCE)
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14,

16.

17.

18.

19.

21.
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h oM s | AL and i
On a.certain date, the right ascension of a-Draconis Was 14" 2" *. From the N.A. and the longiyg,

h m s
57447, Th i
of the place, the local sidereal time of local mesn nOOR was found © |bc :tio:!n Assumcellci'echn?m"
of the star was 64° 47 33" N. Find the local mean time of cast clong . 4 ¢ latitug,
of & N. AM.LCE)

If the time be found by a single alticude, show that a small error in the latiude will bave
effect on the time when the body is in the prime vertical
Determine the G.M.T. at which the star a-AuﬂE‘lcm;':;;? o‘::‘
28°31'E in the northern hemi at upper culmi

the star being 45° 55" 25" N, and mm ascension $" 1176 with GS.T. of GMN. 4132755
the true aljitude of the siar was 76° 30' 507, find also the latirude of the station. (B.U)
Draw a é’umm' 1o show the celestial sphere for a point 15° N, 75° E, showing the horizon, meridian,
zemith, pole and celestial equator.

meridian of a station in longityge
May 3lst 1926, the declination of

Mark also the path of the sun at mid-summer, and the position of a-Bootes (decl. of 20° .

RA. 14°10™) at 22° GST. - (UR)

An observation of time was made on Aldebaran (a-Teuri) on Oct. 1, 1940 in altide 52° 12' 50" N, the -

mean of two observed zlimde being 28°36'20". The average sidereal time of ‘observing these
altimades was Q" 157 28.4° by the sidercal chronometer. y

Find the error of the chronometer given that the star's R.A. and declination were 4" 32™31.1° ang
16° 23" 30".5 respectively znd that the star was east of the meridian.

On 7th Feb., a star (RA. S°9™44% is in wansit at Sidney (Longitude 155°12°23" E) when the
time by the observer's waich which should keep local times is 8 0™33%. Given that the mean

sun’s RLA. 8 2 mean noon &t Greenwich on 7th Feb. is 21"8™36.1° and that 1 hour of S.T.
is equivalent 1o S9™ 50.2° of meantime, find o the nearest second how much the waich is slow

or fast. (Math, Trip.)
Reduce the following meridian observations for latitude :
Star Declination Right Observed Altitude Level
. Ascension Altitude object end eye end
M, 60°02' 50" § 13% 59 oot 49°28' 15" § 5.4 4.6
M; 1932 10° N 1.’1 12% 338 50° 58° 10" N 52 4.8

The value of level division is 14", Take the refraction correction as — 58 cot altitude. If the

longitude is 142°36'E 2nd the sidereal time of mean poon.at Greenwich is 4% 6™ 17, at what

local mean times will the two wansits occur ?

Your longitude is 75° E of Greenwich.

You are required to find the error o the nearest second of a meanti t mid-night
oot Mk me chronometer a YE"

In order o find this, you have timed the wansit of two stars near mid-night as follows :
Transn of a Mali 23b 3" 14'] ot .

i B Gemini 1" 43® s2¢] ™Y onomesey :
Relevant extracts from the Nautical Almanacs are
R.A. of o Mali 6" 19"01°
RA. of B Gemini 8" 30™ 56 ‘
Sidereal ume of Greenwich mean moon lIst March : 18°45™ 128,

Criticise the method of determining azimuths from longation obse

in high altiwdes. rvations, stating its lmitation®
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f declinati -
f ;l:'fe;x |i?1c ?:Cll'::_‘.';g’ &:" 42 N is observed at eastern elongation when its clockwise angle from
at western eldngzllon i-u Tm:::! afterwards another star f§ of declination 727 24° N is observed
Determine the azimuth of the [ine o;-"glc from OP being 94° 6.
At a point in latitude N 557 4¢ |2~

sr:a :!-l,:g Pl-’:f’-lg((g;ﬂ&‘ng; n:icamimc)v"l'hc thendolite was first pointed to a reference mark, the vernier
i the horizontal angle between the sun’s centre and the reference mark

at the time of observation was found 1o be 68° 24’ i i i EreRce
30"
mark from the centre of the instrument. 70, SIS GG g

(U.FP.)
the altitude of the sun's centre was found o be 237 17 32" ar

3::1(;0'15“&'5(’::](;1:33? p:: &e:nwich appafent noo-nsgl day of observation ... 17° 46" 52" N
Refraction for altitude of 30° 2y 2' 12

Parallax in altitude 8

Equation of time (apparent - mean) Y -l

(U.L)
To determine the azimuth of reference object from station B. (Lat. 512 30° 30° A) of a triangulation
survey, the sun was observed at 4" 30™ 13 P.M. (G.M.T.) afier crossing the meridian. The observed
altitude of the sun’s centre was 38°28' 25" and the horizontal angle measured anticlockwise from
R.O. to the sun was 161°35 20". The apparent declination of the sun at G.M.N. was
20° 5' 38”.1 N increasing 30".42 per hour. The sun's horizontal parallax may be taken as 8".7 and
the refraction correction —58" cota. Calculate the azimuth of R.O. (L.R.S.E)

A star was observed at Western elongation at a place in lat. 28° 20’ § and longitude 124 24" W, when
its clockwise bearing from a survey line was 164°.

- Determine the local mean time of elongation, also the azimuth of the line, given that the swar's

declination was 76° 36’ 55" § and its right ascension 6" 417 52°, the G.S.T. of G.M.N. being 5" 12™ 20%.

. (UL
An observation of azimuth was made during the early hours of the morming of 1 Jan. 1940,
on o Ursae Minoris (Polaris) at elongation at a place of latitudde 45° N, and longitude 5° E.

The declination of the star on that date was+ 88° 5% 03" and its R.A. was 17437 32°

The mean observed horizontal angle between the star and the R.O. was 42°37°22%, R.O. being
to the west of the suar. ’

Find (@) which elongation was used ?
(b) the exact local mean time of elongation.
(c) the azimuth of the R.O.

Given G.S.T. of GMT. 0" on 1 Jan. 1940 was 6"38"0L9' (UB.)
At a place in longitude 31°41°40" S, 121° 32 30" E. a sur whose R.A. =0"22™ 156", declination
77°17 54" § is observed at castern alongation when its clockwise horizomtal angle,from a survey
line ZO is 110° 14’ 30”. Find the azimuth of the survey line and the local mean time of the

elongation, if the mean time of the transit of Y at Greenwich is 1320 57* from mid-night.

To determine the latiude of a place (longitude 37°W) observations were made on Polaris and
its corrected altitude was found 1o be 46° 17° 28" when the mean time of observation was

43" 35% p.M. Find the latiude of the place, given the following
G.S.T. at G.M.M on the day of observation = 10" 517 3L.5*

=1"27" 37
=+ 88° 51" 08"

R.A. of Polaris
Declination of Polaris
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3. A meridan aiane of the kower limb of the sun i Bl k,'.“;?uilt o ‘efacion h‘m’l;!?ﬁ:N "cl:lr:ﬂ?:,
o’ - .?2'3.3&??“\’?:';’3“4- s1s° 13 374 with an hourly variation of 46”23 increagy
:“h::e :!': Tu;:udc of the ohserver's station, the equation of time. &l _—_— ':‘;"’ oy
i + 167 215" with an bourly variation — 0.044" AME)

Answers

I, Latiwde of Beg9° S0 276 ; LASC= S48 40" ; BD=0.624 Nautical miles.

L 2t

EE i

R oF b7 5 LN

5. PnTsae PML

6. Pa=iasst

1. @ N2 1T 751

2. +6 ;-7

13 23%as™s4.29°,

I, g™ pa mﬂ)

16, 10*45™2327 ; 32°26 16" N. '

1. Chromomesr dow 2.5° )

19, 5667 siow.

2. 8=1930'22"6 ; LMT.'s : $52740' PM. for 24 ; 1006 10° P.M. for M,

21 Choronomeger slow 28°

22. 112° 43" 56~

23, 24°2' 8" from south. ’
4. 40417 ‘

L. 7581913 180°45° 77,75 from S point.
2% (@) West (B) 0"ST27.6' Jan. 2; 315° 56 38"

2. ss e 12342 PM. !

28 46503 36" N.
25 26°47 567N

o

Photogrammetric Surveying

2.1. INTRODUCTION

Photogrammetric surveying or photogrammetry is the science and art of obtaining accurate
measurements by use of photographs, for various purposes such as the construction of planimetric
and topographic maps, classification of soils, interpretation of geology, acquisition of military
intelligence and the preparation of composite pictures of the ground. The photographs are
taken either from the air or from station on the ground. Terrestrial photogrammetry is
‘that ’branch of photogrammetry wherein photographs are taken from a fixed position on
or near the ground. Aerial photogrammetry is that branch of photogrammetry whersin the
photographs are taken by a camera mounted in an aircraft flying over the area. Mapping
from aerial photographs is the best mapping procedurs yet developed for large projects.
and are invaluable for military intelligence. The major users of aerial mapping methods

- are the civilian and military mapping agencies of the Government.

The conception of using photographs for purpeses of measurement appears to have
criginated with the experiments of Aime Laussedat of the Corps of Engineers of the French
Army, who in 1851 produced the first measuring camera. He developed the mathematical
analysis of photographs as perspective projections, thereby increasing their applicaton to
topography. Aerial photography from ballcons probably began about 1358. Almost concurrently
(1858), but independently of Laussedat, Meydenbauer in Germany carried out the first experiments
in making critical measurements of architectural details by the intersection method on the
basis of two photographs of the building. The ground photography was perfected in Canada
by Capt. Deville, then Surveyor General of Canada in 1888. In Germany, most of the
progress on the theoretical side was duve to Hauck. ,

In 1901, Pulfrich in Jena introduced the stereoscopic principle of measurement and
designed the sterecomparator. The stereoautograph was designed (1909) at the Zeiss waorkshops
in Jena, and this opened a wide field of practical application. Scheimpflug., an Australian
captain, developed the idea of double projector in 1898. He originated the theory of perspective
transformation and incorporated its principles in the photoperspectograph. He also gave the
idea of radial triangulation. His work paved the way for the development of aerial surveying
and aerial photogrammetry.

In 1875, Oscar Messter built the first aerial camera in Germany and §.W. Bagloy
and A. Brock produced the first aerial cameras in U.S.A. In 1923, Baversfeld designed
the Zeiss stereoplanigraph. The optical industries of Germany, Switzerland, ltaly and France,

(141
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and later also those of the U.S.A. and US.S.R. took P (hle T\-’\::?C:\l’r:r 31:1(1 bcool;:m}:“
further development of the cameras and Pploting i“stmn.‘cn‘s.'r " / operations. \‘;’orld “'lc
sides made extensive use of aerial photographs for their ‘mlillng e t the applicauar
Il gave rise to new developments of aerial photography m,hmlq . es and devices 10 achi on
of radio control to photoflight navigation, the mew wide-angle lens e

Frue vertical photographs.TE AL PHOTOG RAMMETRY

2.2. BASIC PRINCIPLES . g S e

The principle of terrestrial photogrammetry Was improved ypon P " y Capt,
Deville, then Surveyor General of Canada in 1888. In terrestrial photogrénlme;ri. o ;"f’g'aphs
are taken with (hc' camera supported on the ground. The photographs z:fe Meu Y means
of a phototheodolite which is a combination of a camera and a theodolite. Maps are then
compiled from the photographs.

The principle underlying the method of terrestrial photogrammerry is exactly similar

to that of plane table surveying, ie. if the directions of same objects photographed frf)m
two extremities of measured base are known; their positions can be locate_d by the mtersect}on
of two rays to the same object. However, the difference between th.ls and plane ta.bl.mg
is that more details are at once obtained from the photographs and their subseql.zem plotting
etc. is done by the office while in plane tabling all the detailing is done in the field

itself. . 10°

Thus in Fig 2.1, A and Bare 3}
the two stations at the ends of base
AB. The arrows indicate the directions
of horizontal pointings (in plan) of
the camera. For each pair of pictures
taken from the two ends, the camera
axis is kept parallel to each other,

From economy and speed point of

view, minimum number of photo-
graphs should be used to cover the whole area and 1o achieve this, it is essential to
select the best positions of the camera stations, A thorough study of the area should be
done from the existing maps, and a ground reconnaissance should be made. The selection
of acrual stations depends upon the size and ruggedness of the area to be surveyed. The
camera should be directed downward rather than upward, -and the stations should be at
the higher points on the area. -

The terrestrial photogrammetry can be divided into two branches :

(f) Plane-table photogrammetry. '

(éf) Terrestrial stereophotogrammetry, : ‘

The plane table photogrammelry consists essentially in 1aking a photograph of the
area to be mzpped from each of the two or three stations, The photograph perpendiculars
may be oriented at any angle to the base, but usually from an acute angle with the latter:
The main difficulty arises in the identifications of image points in a pair of phowgmphs.

B
A ,
FIG. 2.1. LiXECTION OF POINTINGS IN
TERRESTHUAL PHOTOGRAMMETRY.

/ " ZO'WWOO 7
ase

anoGRAMMETRIC SURVEYING : @
s (he Case of homogencous areas of sand or grass, identification becomes impossible. The
vdmiplcs of su.:rcophologrammetry. however, produced the remedy.

In lerresma.l stereophotogrammetry, due to considerable improvement of accuracy obtained
py the s(er'cosco]:uc measurement of pairs of photographs, the camera base and the angles
of intersection of the datum rays to the points to be measured can be considerably reduced
gince the camera axes at .the two stations exhibit great similarity to each other. The image

ints which are parallactically displaced relative to each other in the two photographs are
jused to a single spatial image by the stereoscopic measurement.

13, THE PHOTO-THEODOLITE

The photo-theodolite is a combination of a 1 second theodolite and a terrestrial camera.
Fig. 2.2 illustrates a back view of Bridges-Lee photo-theodolite made by Messers L.Cassella,
London. Fig. 2.3 shows the photograph of a modern photo-theodolite mamufactured by M/s
wild Heerbrugg Ltd. .

A photo-theodolite essentially consists of the following parts. (Fig. 2.2) :

(1) A camera box A of fixed focus type: The focal length of the lens is generally
15 cm or more. The camera box is mounted on the axis exactly in the same manner
2 the vernier plate of a theodolite. Thus, the box can be rotated in azimuth about its
vertical axis. ‘

(2) A hollow rectangular frame I placed vertically to the rear side. The frame carries
wo cross-hairs k and &, the'intersection of which is exactly opposite to the optical centre
of the lens. The line of collimation is defined as the line joining the intersection of the
cross-hairs to the optical centre of the lens. The cross wires are pressed tightly against
sensitive plate and are thus photographed on the photographic plate along with the field
object. Two small celluloid strips can be fitted into the grooves in the lower corners of
the frame I, and can be easily removed to write any description upon them in ink which
is also photographed. -

(3) Across the rear of the vertical frame is also carried a straight transparent celluoloid
tangent scale. Upon the base of the frame is pivoted a magnetic needle carrying a vertical
¢ylindrical transparent scale (M) graduated to 30 minutes.

(4) The sensified photographic plate is placed between the vertical frame (/) and
the back which is held by the spring. ‘Before uncapping the lens, the front of the side
is withdrawn to expose the plate and the vertical frame (/) is moved backward and forward
by the screw (J) until the hair lines and the tangent scale are in comtact with the plate.

magnetic needle is also set free to swing on its pivot. When the lens is uncapped
(after the needle comes to rest), the photographs of hair lines, tangent scale, and the circular
scale of the needle are imprinted on the negativé, The reading of the scale at its intersection
Wwith the vertical hair on the photograph gives the magnetic bearing of the principal vertical

Plane (ie. the vertical plane containing the optical axis).

(5) The box is supported on the tripod and is furnished with an inner and an outer
l}is, each of which is fitted with a clamp and fine adjusting screw. The graduated horizontal
tircle carries verniers reading to single minutes. These are supported on a levelling head

tarrying three foot screws.
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is fited. The telescope can be Totageq ;"
& fitted with vertical arc with verniers, () '
¢ the telescope is set in the same Vergy

(6) On the top of the box, :
a vertical plane, about a horizontal axis, and 1S
and slow motion screw. The linc of sight ©
plane as the optical axis of camera.
2.4. DEFINITIONS (Fig. 2.4) :
Camera Axis. Camera axis is the.line passilg -
lens perpendicular both to the camera plate (negative) and the picture plane (photogryy
The optical axis coincides with the camera axis in a camera free from manufacturing imperfectipy,
Picture Plane. Picture plane is the plane perpendicular o the camera axis g
focal distance in front of the lens. It is represented by the positive cORIACt PrILt or Photogrey,
taken from a plate or film. . ! L
Principal Point. Principal poimt (k or K) is defined by the intersection of the came
axis with either the picure plane (positive) of the camera plate (negative).
Focal Length. Focal length (f) is the perpendicular distance from the centre of g
camera lens to either the picture plane or the camera plate. It satisfies the following relaty
uv

f=u+v
where u znd v are conjugate object and image distances.

through the centre of the ¢q

Principal
line

Horizon
line -
Camera plate
(Negative)
FIG. 24 P

h
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Focal Plane (Image Plane). Focal plane is the pI;nc (perpendicular to the axis of

lens) in Wwhich images of points in the object space of the lens are focused.

Nodal Point. Nodal point is either of two points on the optical axis of a lens (or
5 system of lenses) so located that when all object distances are measured from one point
wd all image distances are measured from the other, they satisfy the simple lens relation

' 1,11
u v f°
Also a ray emergent from the second point is parallel to the ray incident at the first.

PchI?CC(ive Centre. Perspective centre is the point-of origin or termination of bundles
of perspective rays. "I'he two such points usually associated with a survey photograph are
the interior perspective centre and the exterior perspective centre. In a distortionless lens
cmera system, one perspective centre encloses the same angles as the other, and in a
perfectly adjusted lens camera system, the interior and exterior centres correspond to the
rear and front nodal points, respectively.

Principal Distance. When the contact prints from original negatives are enlarged (or
reduced) before their use in the compilation of subsequent maps, the value of the focal
leogth () of the camera is mot applicable to the revised prints. The changed valve of
f, holding the same geometrical relations, is known as the principal distance. In other words,
it is the perpendicular distance from the internal perspective centre to the plane of a particular
finished negative or print. This distance is equal io the calibrated focal length corrected
for both the enlargement or reduction ratio and the film (or paper) shrinkage (or expansion)
and maintains the same perspective angles as the internal perspective centre [0 points on
the finished negative or print as existed in the camera at the moment of exposure. Thas
is a geometrical property of each particular finished negative or print.

Principal Plane. Principal plane is plane which contains prircipal line and the optical
as, It is, thereforce, perpendicular to the picture plane and the camera plate.

Print. A print is a photographic copy made by projection or contact printing from
a photographic negative or from a transparent drawing as in blue-printing.

Fiducial Mark. A fiducial mark is one of two, three or four marks, located in
contact with the photographic emulsion in a camera image plane to provide a reference
line or lines for the plate measurement of images.

Fiducial Axis. Opposite fiducial marks define a reference line. Two pairs of opposite
fiducial marks define two reference lines that intersect at 90°. These two lines are referred
© as the x and y axes or the fiducial axes.

Film Base. Film base is a thin, flexible, transparent sheet of cellulose nitrate, cellulose
cttate or similar material, which is coated with a light sensitive emulsion and used for
tking photographs, :

25. HORIZONTAL AND VERTICAL ANGLES FROM TERRESTRIAL PHOTOGRAPH

The horizontal and vertical ‘angles to various points in a photograph can easily be
foung analytically, graphically or instrumentally. Fig. 2.5 (@) sfiows two points 4 and B
P_homgmphed with camera axis horizontal so that the picrure plane is vertical and the horizon
line g horizontal. The image of the ground points A and B appear at a and b respectively
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RIZO AND VERTICAL ANGLES FROM TERRESTRIAL PHOTOGRAPHS WITH
R, 2.5 TIORMONTAL CAMERA AXIS HORIZONTAL. :
and their projections on horizon line are at ' and b' respectively. If f= ok = focal lengt
of the lens, .ne horizontal angles o, and op are- given by

1an a = tan Za'ok = ‘T‘ A

and AL

where x, and x, are the photographic x-co-ordinates of @ and b with respect to. the priocifl
line as the y-axis. The horizontal angle between A and B is then equal to IR
in general a,ta, ,

Similarly, let Pa and By be the vertical angles to A and B, as marked
(a) then we have

tan u.=tan£b‘ok=%

in Fig.

and tan B, = tan £ bob'= e

aa’
tan Bo=tan £ aog'= —
. od ob'

h 4

HOTOGRAMMETRIC SURVEYING 2
But aa' = Ya . bb'= Y oa' =fSCC s md ob’--jscc a
ce tan g = Ya .
Hem 4 feeca, [22@); tanp, =fu£m, [2.28)]

The algebraic sign of vertical ;-.nglc depends on the
B will be a depression angle,

The “horizontal and vertical angles can also be determined graphically, as shown in
fig. 2.5 (c) where the line k, k; represents the true horizon of the photograph. The line
to is constructed perpendicular to' k, k, and represents the optical axis, the distance
to being made equal to f. With a pair of dividers, make ka’ = x, and kb’ = x, by making
te measugements from the photographs. Join a0 and b'o. The angles ¢, and a, can then
pe measured.

To find the vertical angle [Fig. 2.5 (c)], erect perpendiculars a'a and b6 to
oa' and ob' respectively. Make o’ a=y, and &' b = y,, thus getting points a and & respectively.
Join a0 and bo. The angles aoa’ and bob' are the desired vertical anglea.

2.6, HORIZONTAL POSITION OF A POINT FROM PHOTOGRAPHIC MEASUREMENT:
CAMERA AXIS HORIZONTAL

sign of y co-ordinates. Evidemly,

In plane table tc_:r.rcstrial photogrammetry, two photographs are taken from the ends
of a basezllgc. The position of the points can be plotted by graphical intersection as illustrated
in Fig. 2.6.

‘ Let P and Q be the known positions of the camera stations. Knowing the camera
uimuths (i.e., bearings of camera axis) ¢, and ¢, at both the stations, the horizon lines
A ‘ B

FIG. 2.6. GRAPHICAL INTERSECTION.
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: from P and Q respocr:
Lk @ rpendicular distances of 2f . SPeCtiyy
6,8y By Bl @ & 5, Con be G 4 P nd b arc scaled by a pair of pmpo"i%ai

On_n:h photograph. the x—co«wr_dlmu‘s of points @ 3 the photograph traces, as shoy,
dividers set for a 2 o 1 ratio, and transferred 10 hs tak ; m
, . ~tively in both the photographs taken with the ¢,
the positions &, b, and &, sod b, IRPEINET and prolong them. Sip;
aves horizontal at the time of exposure. Join Pa, and P :‘ lines in A and B ,:L,s m.lm’-
ot Qu. and Qb, and prolong them to intersect the corresponding Pectiveyy
thus giving horizontal positons of A and B. .
Camerz Position by Resection. To fix the positio
ground control is pecessary.
owever, the camera salicn €31
also be Jocated by three point
resection if the posinons of three
prominent poimis (which may be
phowgrammetric triangulation
stations) are known and they are
also photographed.
Thus, in Fig. 2.7. (a),
lt A, B and C be the three ’ ®)
. r @y -
stations photogrzphed. From §
28, the angles to A, B and  FIG. 27 CAMERA POSITION BY THREE POINT RESSECTION
C car be determined either
graphizzlly or zmalytically and hence angles a, (=a,ta,) and a, (=az T a) are kowm
If these angles zre knmown grephically, 2 mracing paper resection on the plotted positiox
of A B znd C (0on the map) will fix the map position of the camera station (P). [
however, the zngles o, and a, are known analytically, the values may be set off by:
three srmed prowactor for a graphical resection, or the values may be used to solve f
three-poine  problem znslytically for determining the position of the camera station.
Azimuth of & line from Photographic Measurement. The magnetic bearing or azimd
of the principal vertical plane is given by the reading of the cylindrical scale at its intersect
with the vertical hzir on the photograph. The horizontal angles of the lines with the princp
plane can be calculaied 2s discussed in § 2.5.
Thus, in Fig. 2.8(a), a, b 2nd ¢ are the positions of the three points A, 8 ¥
€ The horizomal angles a,,as 20d ac (Fig. 2.8 b) can be determined. If ¢ 5%
azimuth of the principal plane (or the camera azimuth), we have -
¢s = azimuth of B=¢ + a,

¢ = zzimuth of C=¢ + «,

N camera stations,
ns of the g a Sq)anz

A

C

-»
me

*C

ay=a, tag

‘from the camera station (0) and

mm.o(;m\r-t METRIC SURVEYING

Jeulated from the above relation
¢ mes out 10 be negative,
;go. must be added to the result,
oﬂmmllon of Picture Traces
The accuracy in the plotted
itions of various points depends

n the correct orientation and

1icing of picture traces on the
an. The two conditions that are
1 be fulfilled are: (1) the picture
mce should be perpendicular to
the line joining the plotted position
(0) of the station and the principal
point (k), and (2) the principal
point (k) should be at the focal
distance from O. When enlarge-
ments are used, the enlarged focal
length should be laid down.

. In the case of photo-theo- a
dolite used for the photographic
surveying, the bearing of the prin-
cipal plane is known. In that case,
the principal plane is laid at the
kmown bearing, the principal point
{t) is marked at a distance (f)

)
L] SR

oe-4T

(a)

FIG. 28. AZIMUTH OF LINES FROM PHOTOGRAPHIC

MEASURFMENT

the picture trace is drawn per-
pendicular to that of the principal
plane.
) If, however, the photograph
includes any poiuc whose position
8 known on the plane, the ori-
entation may be performed with
;':I;ccl to it as follows : (Fig.
Let A be the known position FIG. 2.9. ORIENTATION OF PICTURE TRACE FROM KNOWN
g’“ the plane) of the point and POSITION OF PORNT

'
'
i
'
g
&)

be the known position of the camera station. Let ka be the distance (on the photographs)
In gencral, therefore, we have ':;d the point A from the principal plane. Join OA and produce it. With O as the cenmre
” . . radius equal to f( =oa,), draw an arc. At a,, draw a line a,a, perpendicular w o,
Azml.uth of line mme'ra fw'muth+a , 'u\’ Making a,a, equal to the photographic distance ak. Join ay0, cutting the arc in k. Thus,
Due regard must bc‘ given 10 the ulget?mc sign of a. It may be considered P‘”’ L Be position of the principal point and that of the principal plane is known. Through &,

when measured 1o the right of ok and negative when measured to the left. If the draw iq perpendicular to ok, thus giving us position of the picture trace.

"‘; azimuth OrA:’—q‘+360°
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{1IC MEASUREMENT

2.7. ELEVATION OF A POINT BY PHOTOGRAFP

: The elevation of a point photo-
graphed from two camera stations can
be casily calculated from the measured
co-ordinates of the images.

Thus, in Fig. 2.10 (a), (b), let
A be the point whose elevation is 0
be determined with respect to the camera
axis. 4, is the projection of A on
a horizontal plane passing through
O. let x and y be the co-ordinates
of the photographic image (a) of the h
point 4. As determined earlier, the hori-
zontal angle (a) and vertical angle (P)
are given by Fig. 2.10 (@).

X
ana =% A1)
J
e e &
tan B = === ==CcosQ
. oa, [ a f
.(2)
y
- i ..03)
Viie s
In Fig. 2.10 (&),
oa =V +x =fseca
Za,ca=3=2LA0A
Hence, from the similar trizngles,
L:_A_A_l '
oa; 0A, . " OA, =D -+
Ve Ad = 042 oy
oz
-p X FIG. 2.10. ELEVATION BY PHOTOGRAPHIC
~ e MEASUREMENT.
or V= Dy =-27—cos a ‘ 24

Jsxa  f
Due regard must be paid to the ;ign of y.
o :; m; a;lcvl;:»ox:dztfm thc: s e ;’s :n:s:nc the elevation of the point c28 ¥
where h = clevation of the point
H, = elevation of the camera lens
¢ = correction for curvature and refraction.

PHOTOGRAMMETR[C SURVEYING

Elevation by Graphical Construction

151

In F‘B- 2.11, let a:kb' be the picture trace correctly oriented on the plane, and
4 and B be the plotted positions of two points, obtained by the intersection of the corresponding

rays from the two photographic traces.

FIG. 2.11. ELEVATION BY GRAPHICAL CONSTRUCTION.

At a', erect perpendicular o' @, making a'a=y co-ordinate of a. Join oa and extend

it Evidently, £ goa' =B, At-A, draw A4, perpendicular 1o OA, to meet the line oa in
A,. Scale off AA,, thus getting the elevation of A above the camera axis.

Similarly to get the elevation of B, erect b’ b perpendicular to ob’, making &’ b=y coO-

ordinates of b. Join ob and prolong it. Draw BB, perpendicular to OB. Thus BB, is the

élevation of B above the camera axis.

2.8, DETERMINATION OF FOCAL LENGTH OF THE LENS

Gencraliy, the foc

the accurate knowledge of the focal length is very esse

as below (Fig. 2.12).
Select two suitable points A and
B. Measure the horizontal angle AOB

(=) accurately with the theodolite.
Expose off the plate to show A and i K

B. Let X, and X, be the co-ordinates
of the two points. Then, we have
bk s xp, ak=Xa '

Xa )
tan og = —- ; tan o =
f

. /

al length of the camera lens is given by the manufacturer. Since

ntial, it can be determined experimentaily

A

FIELD DETERMINATION OF FOCAL LENGTH
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Now o ) tan ap +tana»
- tan = - =
an (@ + o) = e, T

- —

i
@0 -x.x)=f(Xa+1) or f’-('r':nx;)f"““.:“
which gives,
e e ™ S
1= 3 “Tae "’ ) qme oY @I

Thus, the value of f can be calculated

Example 2.1. Three points A, B and C were photographed and their co-ordinates
with respect to the lines joining the collimation marks on the photograph are :

Point x Y
a -35.52mm +21.43 mm
b +8.48 mm —16.38 mm
c ’ +48.26 mm +36.72 mm

The fooa:( length of the lens is 120.80 mm. Determine the azimuths of the lines
OF and OC, if thm of OA is 354 30" The ads of the. camera was level at the time
of the exposure ar the station O.

Solution
Fig. 2.8 shows the position of the points.
g o, - Xe . =352 2 s - i
7~ 12080 a;=-16°23 '
T X + 8.48
= e— - o '
F " 12080 G- +4°0
_Xe _ 48.25 o
uma,-f + o8 ac= +21°47
Azimuth of camera axis = = bo - a, = 354° 30'~(-16°23) = 10° 53" ’
Azimuth of B=4¢+ ap=10°53' + 4°= 14° §3°

Azimuth of  C=¢ +ac=10°53' + 21° 47'= 320 40,
Example 2.2. Photographs of a cenain area were taken ﬁo.m P and Q, wo camera

siations, 100 m apart. The focal length of the camera is [0
. - mm. The axis of the camera
makes an angle of 60° and 40° with the base line at siations p and Q ,e,pf,my,b:, The
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image of a point A appears 20.2 mm to the right and 16,4 mm above the hair lines
on the photograph taken at P and 35.2

mm 10 the left on the photograph taken
at Q-
Calculate the distance PA and QA

and elevation of point A, if the elevation
of the instrument axis at P is

126.845 m.
Solution . ‘
Fig. 2.13 (a) shows the position of L2154 E
the ground point A with respect to the Ko | (a) |¥
stations P and Q and the picture traces. ©) . (©
Fig. 2.13 (b) shows the photograph taken _——A
at P and Fig. 2.13 (c) shows the photograph a . '
taken at Q, with the positions of a properly |
P — A,
marked. 3,
From the photograph at P, »
FIG. 2.13
o =tan” % = tan’ —1053 =7° 40¢
t AAPQ=60°-(1,=60‘—7°40'=52’20’
From the photograph at Q,
a=tan” ka =tan" ———-zlssj— 132 12"
LAQP = 40° — a; = 40° - 13° 12'= 26° 48’
ZPAQ = 180° — 52° 20’ — 26° 48'= 100° 52"
From the triangle APQ,
_ sin AQP sin26°48'_“9
AP=PQ-pig = ™ e sy T
- GnAPQ 5 52020 _ o0
and : AQ=PQ . o p n = G 100° 52 "

Calculation of R.L. of A
From the photograph at P,

Pa, =V +fi= \J(zozf +(150)*= 15133 mm.

Let A, be the projection of A on the horizonzal line Pa, drawn through P (Fig.

2.15 d). Then from the similar triangles,
i _PA
aa, Pay 5.9
PA,_16.4 x 45, 4.975
Adv=aa . p="5153 o W

R.L. of 4=R.L. of instrument axis + A4, = 126.845 + 4975 m = 131.820 m.
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Example 23, The disance fom o podus o1 @ phorgraphic povns 1o the principg
Due arey NN mem oo he lef and S48 mm 0 ohe right. The angle between the Poinsy

skl Wik @ is 44 307 Determine the foou! length of the lens.
Solution .
Distance of fint point from principal line =1, = 68.24 mm
Distance of second point from principal lise =3, = 5848 mm
Angle bdetween e two poins =8 = $4° X
The focal length is given by the expression (Eq. 2.5).
T - X (x, + )
I-ramet N 4an'd
+ 1 28 - +I; 9
X =60324 x 5848 =304
SubsSnuting the vahes, we gt
F=58447 = V380 39904 =6447 + 9026 =184.73 mm

mamsw

-nxn

where

AFRIAL PHOTOGRAMMETRY

2.9. AERIAL CAMERA
The primary funcsSon of the eerrestrial
camere as well 33 the zemal cxmeny s e
same, [ e, that of nking picowres. However,
scr the aerisl camera s mowmed on 2
2 moving acroplane B requitements are 1
D0 B jems, (2) hgh spesd amd efficienr
shemer, (&) high spesd emmidion for the
=, and () 2 megzrine © bold larpe rolls
of i As sxch, 21 arial cmen may
be comsidersd © be 2 surveying imevumers \
5

-

“w
.
~
w

N

of gr=r precision

Fig. 214 shows the phowgraph of 7
©e =i RC-5 ammoemanc supper wide aogle -'z:ﬂ\m'a ’
of = aemal camen I - -
| An remal camers comsin of te ol & W. - "
wemg cwsennal por 54‘9
() @ lens assembly (incinding ;
lens, Gaphragm, shumer and L MaGazive
=, ) 2
, §HAN e 3 o
v = T SETTER b Dusmacw ¢ puteR

(mi) e foca! plame mzuscmmmyorw
CAMERA

HOTOGRAMMETRIC SURVEYING

(iv) the camera body

(v) the drive mechanism

(v the magazine

() The Lens Assembly :

The lens assembly consists of the
lenses, the diaphragm, the shutter and the
filter.

Fig. 2.15 shows the cross-section
of the high performance lenses mamfac-
wred by Wild Heerbrugz Lid. Wild Avicwar
f: 4 [Fiz. 2.15 (a)] is pormal angle
leos while Wild Universal-Aviogon f:
5.6 [Fig. 2.15 (5)] and Wild Super-Aviogon
f 5.6 [Fiz. 2.15 ()] are wid= angle
lenses and super wide angle lemses re-
spectively. Tbe following are the detzils
of the lenses manufactured by M/s Wild
Heerbruzzg Lid. (Tzble below)

The other lemses commonly wsed
are : (i) Bausch and Lomb Merrogen f
: 6.3 wide zngle lens with 93° coverage,
most commonly vsed in the United Sratas,
(if) Zeiss Topogonf: 6.3 with 93° coveraze,
and (#i) Goerz Aerotar f : 6.2 with 75°
coverage.

Sirce the air-craft ts at a considerable
disarce from the terrzin o be poow-
Zephed, 21l the poims can be consider=d
0 be at an infinite distance from e
kers ard hence the focal plane of the
aerial camera can be fixed at one lycation.
Thus, an zerial camera is always of 2
fixed focus type, the focus being set for

finity. G 2.7 THE LENS SUOES
Camers Lens Focal Lengh  Plevare woir Flais Angie
! m:-______u-,_w |
Wild BC 2 for xsmm'} Avicar f ¢ 4 b3 .18 o
U em film wm | Avegen f . 56 s L ar
| Usrreral Aveges [ 56| 152 | Dexs } o
Wid PC G for 2 o | Super-Avegm [ 356 22 2.2y =
fimn weeh | Suger tatrasgen f 36 3 n.en |
Wiad vC Ta tor plases | Avour f 0 4 ! 3;’ | W14 ur
o1 em ! Avegm f 0 34 % 4.4 W
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Fig. 2.17 (@) shows a lens forming the image / t"_f an object O. The ray gy
which meets the lens near its top, emerges with its direction changed slightly downward‘

such as O A4’ /. The ray OC, which meets the lens near its bottom, CMETges with ji
direction changed slightly upward, such as 0CC'I. In between these, there must be g ray
that emerges parallel ro its original direction, such as OBB'L. Let 0'5 extended cut e
optical axis at point N, and /B’ extended cut the optical axis at N*. ln.an l(!eal lens,
the cardinal points N and N’ will be common for all the rays of an object, i.e., they
will meet at the common point N and N’ as shown in Fig. 2.17 (b). These two points
(N and N') are known as the fromt nodal point and the rear wnodal point respectively,
If a ray of light is directed at the front nodal poini, it is ref_raaed by the lens systen
that it appears to emerge from the rear nodal point without having undergone any change

tn direction.

Fig. 2.17 (d) shows the or:ical diagram of a simple lens system 'composed of four .

elements with an air space between the two doublets. CNN'C' is the optical axis which
pierces the two principal planes of the doublet at the two nodal points N and N'. The
distance N'C berween the rear nodal point and the plane of infinite focus is called the
focal length of the lens system.

In photogrammetric computations it is often convenient to eliminate the distance
NN’ and to superimpose N' and N as shown in Fig. 2.17 (c). Under this condition,
each ray is a swaight line and the image is an identical representation of the object to
the scale f/H. An actual lens system is designed to approach this ideal as closely as possible.

The Shutter : The camera shutter controls the interval of time during which light
is allowed to pass through the lens. Since the aircraft moves at a high speed, a fast
speed shutter is required o prevent blurring of the image caused by camera vibrations
and the forward motion of the aircraft. The shutter speed generally varies from 1/100 second
to 1/1000 second. There are three rypes of shutters used in aerial cameras -

(a) Berween-the-lens type (b) Focal plane tpe (¢) Louvre type.

In the benwveen-the-lens rype, the shutter is fixed in the space between the elements
of the lens system, the space being equal to the fraction of an inch. With this rype of
shutter, the film is exposed only during the interval the shutter is open. The focal plane
rype shumers operate pear the focal plane of the camera. These rypes of shutters permit
higher shutter speeds and are provided in the cameras used for military operations, The
film is progressively exposed throughout the time of passage of slit across the focal plane.
This type of shuuer is not useful for mapping pyrposes since it includes a distortion in
the scale of the photograph in the direction of the movement of the shutter and position
errors in the relationship of object points on photographs. The louvre type shuters are
usually employed for large lens aperture with high speed. It consists of a number of metal
strips about 5 mm wide supported on a metal frame and is placed either in front of
the lens or at its back.

The Diaphragm : -

A diaphragm is placeq between the lens elements and acts as a physical opening
of the lens system. It consists of a series of leaves which can be rotated to increast

T
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or decrcase the size of
through the lens. If the
" The Filter :

A ﬁl}er consists of a piece of coloured glass placed in front of the lens. It filters
the stray light (blue and violet) in the atmosphere caused by haze and moisture. It also
protects the lens from the flying particles in the atmosphere.

(@) Camera Cone

The camera cone supports the entire lens assembly including the filter. At the top
of it are provided the collimation marks which define the focal plane of the camera. The
cone is_madc up of the material having low co-efficient of thermal expansion so that the
collimation marks and the lens system arc held in the same relative positions at operational
temperatures. The elements of interior orientation are fixed by the relative positions of
the lens, the lens axis, the focal planc and the collimation marks.

(fii) The Focal Plane :

The collimation marks are provided at the upper surface of the come. The focal
plane is provided exactly above the collimation marks. It is kept at such a distance from
the near nodal point that best possible image is obtained.

(iv)y The Camera Body :

The camera body-is the part of the camera provided at the top of the cone. Sometimes,
it forms the integral part of the cone in which case they act as an integral part to preserve
the interior orientation once the camera is calibrated.

(v) The Drive Mechanism :

The camera drive mechanism is housed in the camera body and is used for (i) winding
and tripping the shutter (i) operating the vacuum system for flattening the film, and (iif)
winding the film. It may be either operated manually or automatically.

(vi) Magazine :

A magazine holds the exposed and unexposed films and houses the film flantening
device at the focal plane. The power operation of the movable parts of the magazine is
supplied from the drive mechanism. The film is flattened at the focal plane either by inserting
a piece of optical glass in the focal plane opening or by applying a vacuum to ribbed
plate criss-crossed with tiny grooves and provided to the back of the film.

2.10. DEFINITIONS AND NOMENCLATURE

1. Vertical Photograph. A vertical photograph is an aerial photograph made with
the camera axis (or optical axis) coinciding with the direction of gravity.

2. Tilted photograph. A tilted photograph is an aerial pl.mtograph made with the
camera axis (or optical axis) unintentionally tilted from the vertical by a small amount,

usually less than 3° (Fig. 2.18).

3. Oblique Photograph. An oblique photograph is an acrial photograph taken with
the camera axis directed intentionally between the horizontal and the vertical. If the apparent
horizon is shown in the photograph, it is said to be high oblique. If the apparent horizon

the opening to restrict the size of the bundle of rays to pass
diaphragm opening is larger, the shutter speed has to be greater.

is not shown, it is said to be Jow oblique.
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4. Perspective Projection. A [« SRR P LS TETP -h
perspective projection is the one pro- b
duced by straight lines radiating from
a common (or sclecred) poimt and
passing through point on the sphere
to the planc of projection. A Pho-
tograpk is a perspective projection.

5. Exposure station. Exposure
stauon is A poimt in space, in the
air, occupiad by the camera lens at
the instamt of exposure. Precisely, it
is the space position of the front
nodal pomnt at the instant of exposre. ¢

6. Flying height. Flving height
is the clevation of the exposure station
above sea level or any other selected
darum.

7. Flight line. It 1s 2 line
drawn on 2 map to represent the
track of the aircraft.

8. Focal length. It is the dis- North

Direction of flight
_—

Direction
of gravity %

tance from the front noda! point of

the leas (o the plane of the photograph '

Gie. OK in the Fig. 2.18). It is \

also the distance of the image plane "N K

from the rear nodal point. Equivalenr
Jocal length is the distance of the
mage plane from the rear nodal point 3 \
(or the distance of the plane of the photograph from the front nodal plane) yielding the
best aversge definition. b l

9. Principal point. Principel point is 2 point where a perpendicular dropped from
the '!rour nodal point strikes the phowgnph (Also, it is the foot of a perpendicular to
the image phne}frqm the rear nodal pownt 10 a camera lens system free from manufacturing
errors) 'nns‘ pnnc:pal point is 'consadacd o coincide with the intersection of the x-axis
and the y-axie. In Fig, 2.1E.' k is the principal point. The point K is known as the ground
principal poini where the line OK produced meets the ground. :

lO.NAdirpo(m.Nndirpoimislpoimwhcrca i

' g int w plumb line dro from the front

nodal point pierces the photograph. Thus, in Fig. 2.18, n i§ (he nad?rpw:oim. which is
3 pont on the photograph verticelly beneath the €xposure station, This point is also known
as the photo-nadir or photo plumb point.

11. Ground nadir point. Ground nadis point or i
7 . ! ground plumb point is the daum
iptzrsection. with the plumb line trough the front nodal ot It is the p':i)m on the ground
verucally bemeath the exposure station such gs point N jn Fig. 2.18

FIG. 2.18. TILTED PHOTOGRAPH
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12. Tilt. Tilt is the vertical angle defined by the intersection, at the exposure station,
¢ the optical axis with the plumb line. In Fig. 2.18, Zkon =1 = tilt

13. Principal Plane. A principal plane is the plane defined by the lens (). the
round nadir point (N) and the principal point produced to the ground (K). It is the thus
s vertical planc containing the optical axis, such as the plane nok or NOK in Fig. 2.18

14. Principal line. A principal line is the line of intersection of the principal plane
with the plane of the photograph. It is thus the line on a photograph obtained by joining
te principal point and the photo nadir point, such as the line mk in Fig. 2 1%

15. Isocentre. [socentre is the point in which the bisector of the angle of filt meets
{he photographs. Thm in Fig. 2.18, oi is the bisector and i is the isocentre. The angle
of tilt lies in the principal plane, and hence the isocentre (i) lies on the principal  line
ot a distance of f lan% from the principal point.

On a vertical photograph, the isocentre and the photo-nadir point coincide with the
principal point. o

16. Swing. Swing is the angle measured in the plane of the photograph from the
positive y-axis clockwise to the nadir point. Thus, in Fig. 2.18, s is the swing

17. Azimuth of the.principal plane. The azimuth of the principal plane (sometimes
also known as the azimuth of the photograph) is the clockwise horizontal angle measuresd
about the ground nadir point from the ground survey north meridian to the principal plane
of the photograph, such as the angle ¢ in Fig. 2.18. It is thus the ground-survey direction
of the tilt.
18. Horizon point. Horizon point is the intersection of the principal line with the
borizontal line through the perspective centre, such as point 4 in Fig. 2.19. In a near
vertical or tilted photograph, this point is generally outside the photograph. In 2 high oblique
photograph, however, it is in the photograph. 8

19. Axis of tilt. Axis of tilt is a
line in the plane of the photograph and
is perpendicular to the principal line at
the isocentre such as i, i, in Fig. 2.19.
The plane of the photograph is tilted to
the horizontal about this axis. The axis
of tilt is a horizontal line, as are all line
Perpendicular o the principal line. Tt is
o known as isometric parallel.

Fig. 2.19 shows a high oblique pho-
:ﬁ“Ph illustrating the perspective prin-
ples,

all

In Fig. 2.19, . /

ABCD 5 Oblique plane of the | | g
photograph negative /

CDEF « Ground borizonaal plane 0 ~ €

FIG 219 O8LIQUE PHOTOGRAPH
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10 .
of the camcra lens (or (he

O = perspective centre or the rear nodal  point
expasure  station)
k = principal point
K = ground principal point
Ok = principal distance
r=angle of tlt=2 ton = angu
the plumb line ’ .
r = photo-nadir or photo plumb pomt
N = ground madir or ground plumb point .
noN = plumb line or vertical lin¢ through the perspective ar
i = isocene
[ = ground isocentrs
rik = principal line
h = horizon poim
iy iiy=axis of dlt=isometric parallel
Relation Between Principal Point, Plumb
From Figs. 2.18 2ad 2.19,
(1) nk=distance of the padir point from

Jar deviation of the photograph  perpendicular frop,

Point and Isocentre :

the principal point

%=unl or nk=kO.tanr=ftanl ©28)
since k0 = f = principal distance :
(2) ki =distznce of the isocentre from the Princ:pal point
Ho_ oot - PRproy
E:un; or Ia—kO.tan2 ftan2 (27
3) 1k = distance zlong the principal line, from the principal point to the horizon poix
%wotr or kh =kO . cot t=fcott. 28

2.11. SCALE OF A VERTICAL PHOTOGRAPH

Since a2 photograph is the perspective projection, the images of ground points &
displaced where there are variations in the ground elevation. Thus, in Fig. 2.20 (@) &
images of rwo points A and A, vertically above each other, are displaced on 2 vertics
photograph znd are yepresented by a end a, respectively. Due to this displacement, there
is po uniform scale between the poinis on such a photograph, except when the Em?“d
points have the same elevation. If the elevation of points vary, the scale of the ver
photograph will vary from point to point on the photograph.

Let s first tske the case when the ground is horizontal, i.e., all the point o
having the same elevation, such as shown in Fig. 2.20 (a). ’

§ = scale = map distance

Let ground distance
ke Ok [ [ A
From Fig. 2.20 (o), S“YXA“KATH-B"H-h
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W 1561
Al
1 . Y
l Photograph
x a a
H-" )
H
K Ground A S\Yi
%“ DTN /:
H
h HELS
.
' . :
J' : : :
ER K Datum ! E :
A A, < 8,

FIG. 2.20. (@) SCALE OF A VERTICAL
4PH0TOGRAPH

FIG. 2.20. () SCALE OF A VERTICAL
) PHOTOGRAPH.
where M = height of the exposure station (or the air plane ) above the mean sea level
. f=focal length of the camera
h = height of the ground above mean sea level

Let us now take the case when the points are pot having the same elevation, as
represented in Fig. 2.20 ().

Let A and B be two points having elevations h; and hs respectively above mean
sea level. They are represented by a and b respectively on the map. k is the principal
point of the vertical photograph taken at height H above mean sea level

The scale of the photograph at the elevation ha is evidently equal to the ratio :; .
a

From - similar triangles, _=__=F_h._'
A — fla

Hence the scale of the photograph at the elevation h, is equal to H_fh_
. = a

bk

From similar tri bk Ok _ [ |
tmilar wiangles, p~ =K, “H-h,
Hence the scale of the photograph at the height A, is equal to F{—h—
4 ¢l

In general, therefore, the scale of the photograph is given by

Similarly, the scale of the photograph at the elevation h, is equal to the rano B
- >
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S if the focal length of the lens and the flying height (H) above m.s.l. is known,
SncHTh ge scale can be found from the relation
rati h.
where Sy = scale at the elevation s":II{h L (2.13)

osi by the representative frae, .
h can also be designated Actiog
o 112. COMPUTATION OF LENGTH OF LINE BETWEEN POINTS OF DIFFERENT

ELEVATIONS FROM MEASUREMENTS ON A VERTICAL PHOTOGRAPH

In Fig. 2.21, let A and B be .
o ground points having  elevations k™ T
4, and hy above datum, and the co- ;
i

The scale of the photo

(Rr). i.e.

Ry = [ _H_'__'l ]
f
ordinates (Xa, Ya), (Xp, Y») respec-
gvely with respect to the ground co-
ordinate axes which coincide in
direction with the photographic co-
ordinates x and y-axis. The origin of
te ground co-ordinates lie vertically

peneath the exposure station.

Let a and b be the corresponding
points of the photograph, and
{t, ¥2) . (x5, ¥») be the corresponding

where (H - k) and f are expressed in the same unit (i.e. metres).
Datum Scales (S '
The damum scale of a photograph is that scale which.would be effective over y,
entire photograph if all the ground points were projec_ted vertically downward on the mey
sea level before being photographed. Thus, from Fig. 2.20 (a),

ta Ok _J
Damum sC&lc:Sd—*KTO-OK "

20

where K and A, are the projections of k and A on the datum plane.

Average Scale (S.) ) . F imil . i v ] ¢
The average scale of a vertical photograph is that which would be effective oy | COrdinates. From similar triangles, ! : ’ ' .
the entire photograph if all the ground poims were projected vertically downward or upwar Ok _Xa_Ya_ [ (D 'h : ' - '
on a plane representing the average elevation of the terrain before being photographed ok, X Yo H-hg i v K 3. X
7 Ok x» f HIES (Origin)
Thus, Sov = w20 | Ao, S =X X T v
" H e : o K % T H-h?
where a = average elevation of the- terrain FIG. 2.21. COMPUTATION OF LENGTH OF A LINE
To Find the Scale of a Photograph Henee H - hq
. . ence, we ha = . . 214
If the images to ground points of equal elevation and known horizontal distant o e i [ (@)
appear on the photograph, the scale of the photograph can be determined by comparin Vive H—ha y, [21.4 (b))
the ground length and the corresponding length on the photograph. Thus, if / is the distne , . s ‘ T
on the'pho(ograpb, between the two points A and B having the same elevation 4 an X,=H-h° Jxb u[2.14 (O] ; Ya= H_h",y, - [2.14 (@]
the horizontal distance (ground) between them to be L, the scale at the height A is gived f d
by ‘ ‘ And, in general, the co-ordinates X and Y of any point at an elevanon are
Sh =L-I— ) L2 X= H; A x = i}-’ly.
. The distznce L measured on the ground either directly or by the n'i:mgulalioﬂ-'_or The length L between the two points A_and B is then given by
it can be taken from the existing maps, if available. To find the average or fairly representall’ L= (Xo-Xo) + (Ya— 1) L2135

scale of photograph several known lines on the photograph should be measured and comp
and the average scale should be adopted. In case a reliable map of the area is availath:
the photographic scale can be found by comparing the photo distance and the map dista™
between two well-defined points at the same elevation. : -

Photo scale  photo distance

Map scale  map distance -

The value of X, ,X, and ¥, and Y, must be substituted with their proper algebraic signs.
13, DETERMINATION OF HEIGHT (H) OF LENS FOR A VERTICAL PHOTOGRAPH

If the images of two points A and B having different known elevations and known

kn?‘h between them appear on the photograph, the elevation or height H of the exposure
Yation can pe calculated by a reversed procedure from that of the preceding article

Thus,




v
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is- given by .
As proved in the previous article, the ground length Lh:s ¢

2

L= (Xo - Xo)' + (Ya = 1) i - ' ) .

Substituting the values of Xa, Xb Y, Yy 38 obtained 1IN the previous article, we -
. _ 1 H - ha '_ H-hy 2
L’=[H—h°xa-uxa] +["7"_”" 7 y”] 214

e L, and elevations h, and h, are

ys) can be measured. The only unkng,,
the quadratic form

Io the above expression, the ground distanc
quantities. The photographic co-ordinates (Xa» Ya) » x5
is H. Collecting the terms for H, the equation takes

pH+gH+r=0
where p, g and r are the numbers obtained
quantities. The value of H is then obtained by
-q+ '\J q—4pr
——

The computation of H by the solution of
and time consuming. Alternately, the value of H can
as follows :

Step 1 : v .

The first approximate value of H is obtained from the scale relationship

f - _sb_1
where hes = average elevation of line AB
AB =L =known ground distance
ab = | = méasured photographic distance

Step™2 '

The approximate value of H so obtained is used for calculating the co-ordinates (Xa I
and (X», ¥s). Using these co-ordinates, the approximate value of H and the elevations &
and hy, the length of the line is computed. Length is then compared with the actual dlistan
to get 2 more correct value of H. Thus,

H-hs _correctAB an
H appror . — hap  computed AB

after substituting the values of the kngy,

quadratic equation is rather very tedioy
be determined by successive approximatioy

VAT

Step 3 :
With this value of H, step 2 is repeated fill the computed length of AB wd®
correct length agree within necessary precision, usually 1 in 5000.

2.14. RELIEF DISPLACEMENT ON A VERTICAL PHOTOGRAPH |

We have seen that if the photograph is truly vertical and the ground is hoﬁlﬂg
and if other sources of errors are neglecied, the scale of the photograph will be unlf
Such a photograph represenis a true qrthographic projection and hence the tru€
the terrain. In actual practice, however, such conditions are never fulfilled. When the
is not horizontal, the scale of the photograph varies from point to point and is not con”

i JOTOGRAMMETRIC SURVEYING

since the photograp%l is the perspective view,
round relief is shown in perspective
on the photograph. Every point on the pho-
ph is therefore, displaced from their
e orthographic position. This displacement
;s called relief displacement.

Thus, in Fig. 2.22, A, B and K are
three ground points having elevations
h,,hb and h; above datum. Ao, By and Kb
are their datum positions respectively, when
projected vertically downwards on the datum
plane. On the photograph, their positions
are a, b and k respectively, the points k
peing chosen .vertically below the principal
point. If the ‘datum points Ao, B, and
K, are imagined to be photographed. along
with the ground points, their positions will
be ao, bo and k respectively. As is clear
from the figure, the points @ and b are
displaced outward from their datum photograph
positions, the displacement being along the
corresponding radial lines from the principal
point. The radial distance aa, is the relief

. displacement of A while bbo is the relief

displacement of B. The point k has not been
displaced since it coincides with the principal
point of the photograph. .

To calculate the amount of relief dis-
placement, consider Fig. 2.23 which shows
a vertical section through the photograph of
Fig. 2.22 along the line ka.

In Fig. 2.23,

Let r=radial distance a from &

ro = radial distance of a, from k

R =Ky Ao
Then, from similar triangles,
ﬁ%b&. from which r=—HB—_'L'l (1)
Ao L_To ich =L @
H™R from which rn=77 (

Hence the relief displacement (d) is
BiVen by

165

FIG. 2.22. RELIEF DISPLACEMENT ON
-VERTICAL PHOTOGRAPH.

1F. 1? ‘T"

.!k»"’

o R m—ry

FIG. 2.23. CALCULATION OF* RELIEF
DISPLACEMENT.
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Rf
d=7-’o=H r H
Rk - o
or d= HH -0 3
_nH-B _nH from (1) and (
But R= f f ( ),
Substituting the values of R in (3). we get
nH-k _fh__Th ~(da) 2.1
d=="Fr—Hai-n H 219 ()
_rH h i ..(4b) 2.1
Also d—T'H(H—II) H-h { 9 (o)
the -following :

From equations (3) and (4) sbove, Wwe conclude
(1) The relief displacement increases as the distance from

(2) The relief displacement decreases with the increase
(3) For point above datum, the relief displacement is positive being radially ourwarg

(4) For poinr below damum (A having negative value), relief displacement is negative,

the principal point incregge;
in the flying height.

being radially inward.
(5) The relief displacement of the point vertically below the exposure station is zer,

In the above expressions, H and h must o
be measured above the same datum. ¥ T

Height of Object from Relief Displacement

If the scale of the photograph is known of
(or computed by the method discussed earlier),
equation (4 a) can be used to determine the o\ \t

height of any object, such as a tower 7B shown
in Fig. 2.24. Let h be the height of the tower
zbove its base, and H be the height (unknown)
of the exposure station above the selected daum
passing through the base of the tower. Let ¢
and b be the top and bortom positions of the
tower on the photograph. The radial distance
r and the relief displacement can very easily
be mezsured. If the scale S of the photograph
12 known, the height H can be czlculated from
the relation

s=1
Sy ) g Selacted datum
¥nowing H, and measuring 4 and r, the ’ "B
height % is czlculated from equation (4a). Thus,
h= - ..(2.20) Mean sea level -

FIG. 2.24. HEIGHT OF A TOWER FROM
RELIEF DISPLACEMENT.

T
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where h is the height of the tower above the selected . daum with reference to which
has been C”"‘P”'Cd~ Incidently, if the elevation of the bottom of the tower is knowmn.
(he height of flight above mean sea level can be known. .

Example 2.4. A vertical photograph was taken ar an altitude of 1200 metres above
mean s€a ievel. Determine the scale of the photograph for terrain lying at elevations of
g0 metres and 300 metres if the focal length of the camera is 15 cm.

Selutien
The scale at any height h.is given by
£
Sy=—L
""H-h
When i =80 m, we have : Sy= 15ecm __lcm
(1200 - 80) m 74.67T m
or locm =74.67 m.
As a representative fraction, the scale is
LR
Reo = 100 _ ! __1
(1200 -80) m 1120 x 100 7467
15
- 15 cm 15cm _ lem
imi =3 : = = = or lcem =60 m
Similarly, at A =300 m, Swm (1300 ~300)m ~ 90 m _ 60m
As a representative fraction, the scale is
15
oo __1

Ryo =

(1200 - 300) T 6000 °

having focal length of 20 cm is used to take a vertical
an average elevation of 1500 metres. Whar is the height
craft must fly in order to get the scale of 1 : 8000 ?

Example 2.5. A camera
photograph 10 a lerrain having
above sea level at which an air-

Solution

The scale expressed as R.F. is given by

R=—{—

H-f

20

~— m By ~
)R s 20

8000 (H - 1500) m
H = 1600 + 1500 = 3100 m above m.s.l.

2000 m long, lying at an elevation of 300 m measures

h for which focal length is 20 ¢cm. Derermine the scale

levation of which is about 800 m.

Substituting the values,

Example 2.6. A line AB.
8.65 cm on a vertical photograp
of the photograph in an ared the average ¢

Solution.
Map distance  _ [

Ground disance H-h

Scale =
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B6&Sem 20cm
2000m (M-500m

or (H-sooy=3°_‘_:.:-‘_‘l=4mm
H = 4624 + 500 = 5124 m
20 cm __lem
S = 36 _s00)m 2162
Hence Sev it 1 cm=2162 cm.

Example 2.7. A4 section line AB appears to be 10.16 cm on a photograph for whicy
the focal lemgeh is 16 cm. The corresponding line measures 2.54 cm on a map which
is to a scale 1/50,000. The terrain has an average elevation of 200 m above mean seq
level. Calculate the flving alritude of the aircrgft, above mean sed level, when the photograph
was taken.

Solution.

The relation between the photo scale and map scale is given by

Phow scale  Photo distance
Map scale = Mzp distance
1 1

Here, - . 1
ere . map scale %00 Let the photo scale be .
l/rm___10.16
1/50,000  2.54
1_10.16 11 B
7 254 !50.000—]2'500 or n=12,500
i - 1 J 1 (16/100) m
Again, Sp=== or -
n (H-h) - 12,500~ (H -200) m
or (H-M)=lio%xizsoo=m m ,
Hence H =2000 + 200 = 2200 m.

Example 2.8. Two poinis A and B having elevations of 500 m ]
_ and 300 m respectively
m d;frw;j gappear on the ‘vertical phoiograph having focal length of 20 cm and flying
m above datum. Their corrected photographic co-ordinates are as follows:

ol Photographic Co-ordinates
X (em) y (cm)
. +265  +1.36
» -1.92 + 3.65
Determine the length of the ground line AB.
Solation

The ground co-ordinates are given by
H~hg .
Yy M- b 2500 - 500

J 20

x(+265)= +265 m
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Yﬂ_"—h,.y_ZSOO~Sr)ﬂ +1.36 , 136
YT (+130) m
H ~ hy 2500 - 300
Xb = Xy = - - -
f b 20 «(=1.92) 211.2 m
H-h 2500 - 300
Yo = ]’.ya= Tk (43.65)= +401S m

(Xa - Xb)' = (265 4 211.2) = 22.677 « 10" m’
(Ya— Y5)' = (136 — 401.5)" = 7.049 = 10" m’
Hence AB =V (Xg - Xo) + (Ya- o) =V (22677 + 7.049) 10 = 545 m.
Example 2.9. The ground length of a line AB is known 1o be 545 m and ihe
elevations of A and B are respectively 500 m and 300 m above m.s.l. On a vertical

photograph taken with @ camera having focal length of 20 cm include the images a and
b of these points, and their photographic co-ordinates are :

(xo =+ 2.65 cm, ya=+ 1.36 cm); (xp =~ 1.92 cm, yp = *+ 3.65 cm).

The distance ab scaled directly from the photograph is 5.112 cm. Compute the flying
height above the mean sea level.

Solution .

From the scale relationship, the approximate height can be calculated from
f -

1 H pprax. — hay  AB

Here, : hap = § (500 + 300) = 400 m

‘; 20 (cm) _ 5.112 (em)

" (happres. — 400) m 545 (m)

20 x 545 _
me_ -400 = —g-m'— or Happml- = :‘00 +21322=25122m

Using this approximate beight, the ground co-ordinates of A and B are calculated
from Eq. 2.14.

g oHohe | B2 565242603 m
a f 20
“+ -
y,=u_y,=1&%—&tl.36=+13&2 m
""H-h""=2'5’32_§6—'i02"("'92): ~2143 m
“h 35322 -300 . .
. yb=f'_!._",,,= k(385 =+ 4073 m

The ground length pased oa the approximate height is given by

' L= (693 + 21430 + (1382 - 407.3)" = 5534 m

The actual ground length is 545 m. The second approuimate height i calculated
as follows :
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™
H-ha Correx 4B
Hopn —Re Computed AF
2o - From which H =400 +2100 = 2500
25322 —2m  ss2e4 T

Usinzg s valoe of F o lze the co-ordinatss, wT £

2500 - 800 2500 - S00
X, B0 -0 ;¢5e +265 Yo=—— x1.36 = +136
20 2
2500 - 30 2500 — 300
.t-=‘5"+"'3.(_15:)=_zu,: e x3.65= +40]5

W

L=> (265 +211.2F (136 -4015)" =5

TS agress with e mezsured lenzth. Henos beight of lens =2500 m.

Example 2.10. The &rzmce from the principal point 1o an m3ge on G photograph
ir 625 om and the elevemon oF the obira Gbove the danum (sea level) is 250 m. Wz
i the refst CGiplocement of the poinr If the duum scale is 1/10,000 and the focal leng:h
of the camera is 20 on ?

o 1 _(20/1(0)1:
““1000 " Hm
-
From whick H=22 .10.000=2000 m zbove ms.L
100

Agzim, the relef displacemenr (d) is given by .
r}! 6,‘-‘. x m
) =EF - ;- = 0.805 cm.

Example 2.11. £ 1ower 1B (Fig.2.24), 50 m FEigh, appears in a vertical photograph
toker @ o flphs alimde of 2500 m cbove mean ::z lnel. The distance of the image
o;.’:f.e w0p of V.F tower is €35 on. Compuwe the displacement of the image of the top
of the tower with rempec o the imagze of is bowtom. The elevation of the bottom of the
tower iz 1250 m

Solntion

Lev A =lkeighe of e Jens zbove the bomom of the tower,

_ Th:‘dsﬁxmdoft:;":agﬁcfdzDPWﬁhmmwtheimageofthcbom
L gvem oy T

d

kr
d="7 )
where & =height of the wwer a&nni!sb&se=50m;ﬁ=2_soo_1zso=ujom
222833 4o
1250 .-

Example 2.12. A vertical photograph of a flar greq ; . ;
< having an ave [evation
of 250 meires gbove mean sea level was taken with a camera hg."g afmglel:ngxh o

pOTOGRAMMETRIC SURVEYING -

20 on A section line AB. 250 m lorz in the area. mezrures 5.50 o= om the photograns
A tower TB in the area also appears on the photograch The dixiznce betweem the omorer
of 1op and botiom of the tower mearures 0.46 om om the photograph. The &stance g
the image of the top of the tower is 6.45 om Dmermane hnghz of the tower
Sohution. (Fig. 2.24)
Scals = Map distance _

f
" Groscdcsuzxe H

where H=beight of camera above the selecied damum
Let the average ground be the select=d damm.

2

(]

~
UV

$.50cm _20cm o P D x

200m Hm : B g

Again, the beight of the towsr above s base & Zven by
dy 046« 3282

= —_— = — = 41.

k s 535 o 1

2.15. SCALE OF A TILTED PHOTOGRAPH

We have seen that in the casz of 2 perfecdly vermcal phoograph the scale s :.—-.ﬁr.—.;._

=582 m

q a2

3

from point o point, only if the ground s flat zad bas citorm slevagion throwghoot

If 2 fhad photogrzph for mear

the elevations of, the poins vary, the scale 2l vaniss
vertical photograph) is tken over 2n arez
having no relief, the scale will not be uniform.
The downward half of the photograph will
bave 2 larger scale than the upward balf.
The problem becomes stll more complicated
if a tilted photograph is tzken over. an are2
with relief. To determine the scale of 2
phomyaphfmmpohnmpoimmrxh;
case, the position of the points must b2 known
with respect to the pripcipal line since the
tilt takes place along the principal line. In
addition, the dlt, swing, flying beight, focal
length and the elevation of the point must
also be known.

Fig. 2.25 shows a tiled phom;nph
which includes the image a of a point 4
at an altiude of h zbove danm. k B the
principal point and n the photw padir. nt
is the principal line. From a, draw am per
pendicular to the principal line. am is, thers
fore. a horizontal line. From m di2®
mn' perpendicular to the plumb line.
mm is, therefore. a horizontal line. Hence
the triangle gmm* lies in 3 horizoptal plane.

FIG. 225. SCALE OF A TILTED PHOTOGRAPH
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nded, at heights of A above datum

Let N and M be the points on on and om exte IR :
le NMA is in a horizontal plane

Thus N, M and A have the same elevation. The friang
From the similar triangles om'a and ONA, Ww¢ get

m'a _Om'
NA ~ ON
But Om'=0On-mn=fsect—mnsini{ ; ON = ONo = NNo=H - h

m'a _ Map distance _ coqe gt a point whose elevation is h=§,

NA  Grounddistance ' ;
Substituting the values in (1), we get

fsect—mnsini
Sh= —H-h. (2)
In the above expression mn is the distance
along the principal line, between the photo
nadir and the foot of the perpendicular from . y
the point under consideration. To find its value,
let us consider the system of co-ordinates axes /
illustrated in Fig. 2.26. K 5
Let the photographic co-ordinates of the
image a be x and y. Let s be the angle of

+y

swing and @ be the angle berween the y-axis L
and the principal line. If the y-axis be rotated , Y
to the position of the principal line, the new \"
axis (or y'-axis) will be inclined to the original
axis by an angle 8 given by ’ \

6 =180°-s (221 X

FIG. 2.26. CO-ORDINATE AXES THROUGH

As in analytic geometry, the angle
y g y g PLUMB POINT.

6 is considered to be posirive when the rotation
is in the coumter-clockwise direction and negative when it is in the clockwise direction.
Thus, the angle © in Fig. 2.26. is negative. Let the new x-axis (or x'-axis) be selected
through the nadir point n. The distance kn is equal fo ftant (see Eq. 2.6). The new
co-ordinates (r',y’) of the point a with reference to the x' and y' axis are given by
x'=xcos @+ ysinb L[2.22 @
y=-xsinB+ycos6+flant (222 ()
The distance nm is therefore equal to y'. Substituting this in (2), we get
_fsect—y sint
- H-nh ‘ ;
It is clear thar the co-ordinates y' is the same for the points on the line ma Hence
the scale, ylu’ch is the linear function of y, is constant for all the points on a line perpendiculd?
to the principal line. -
For finding the scale at a given point on the photograph by Eq. 2.23, the following
data is essential :

S 223

-
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(1) focal length (2) tilt
4) height pf the point (5) swing
md (O the position of the point which respect to principal line.
2.16. COMPUTATION OF LENGTH OF LINE BETWEEN POINTS OF DIFFERENT
ELEVATIONS FROM MEASUREMENTS ON A TILTED PHOTOGRAFH
In Fig. 2.25, triangles m'ma and NMA are in borizontal planes. From scale relationship.

(3) height of flight

have S -2
M o =AM
But am=x' (frpm Fig. 2.26) ; AM =X ; S» =f-—-———-——scc‘-y L.

H-h
Substituting the values, we get
H-h
AM=X=———.X ...[2.24 (@
fsect—y sint 8 [ @)}

Similarly, from scale relationships, we have Sa --:—Z

fsec -y sint

But mm=mmcost=ycost ; NM=Y ; and Sh= H-h
Substituting the values, we get
MM =y=—Th y’ cos ..2.24 [(b)]

Fsect-ysint’
Thus, the ground co-ordinates (x,.y) of any point are known.
If there are two points A and B, their ground co-ordinates (Xa. V) and (X,. ¥,) can
be calculated, and the length L of the line AB computed from the expression
. L=V (Xa=Xp) + (Ya= o)’ 224 (o}
2.17. DETERMINATION OF FLYING HEIGHT FOR A TILTED PHOTOGRAPH
If ‘the images of two points A and B having different known elevations and known

length between them appear on 2 tilted photograph, the elevation or k_xeight H of the exposure
station can be determined exactly in the same way as discussed in § 2.13. The method

is outlined in the following steps :

Step 1 : ’ . . :
(Xa, Ya)s (X0, ¥2). calculate the photographic length

From the photographic co-ordinates -
ab (or scale it directly from the photograph). From the existing maps, or by another source,
the ground length of AB is known. Calculate the approximate flying height from the scale

relationship ;

s

=.‘1Q . where ha = average elevation of AB.
Heppro. — ho> 4B

Step 2 : . ' . Lo
Using the approximate H so obtained, and the photographic co-ordinates, compute

the ground co-ordinates (Xa. Y. (Xo. Yo) BY solution of equations [2.24 ()] and [2.24 (B)).
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e
The length L of 4,

mmmmx'm,'mkmqu 1

fme AF can then be Qiculaed from Fg 224 (O
Compare the compund length of AF with that of the correct lengrh from the relationung,
H = he Cormnct 4F

Fome —We " Gomputes 4F
where M b e orw valee of the fving heygin
Sep 3

Repex n:r 1 6l the compumed lemgth of AF agres with ity correct length wiys
e regured depree of accurecy
218 TILT DISTORTION OR TILT DISPLACEMENT
I a2 wrars » phosographed, onor wath @ nibed P
ghomerach. Dot wkem o O same Oght almude and with the same focal length, e
The image of am other poimt, my

twg phosopramin will match ¢ the axp of uit o)
o e aam of uk. will be duplard ciher owwerd or mward Sl FOFPSCT 0 1S corTesponding

woeograph and then with 3 verncy

pommics on 2 veracal photopraph
or uk dwniaccoem o dcfined @ O &ifference berween (he distance

Té& doomaon o . :
of Bw wmage of @ posr or te timd phomgrapk from G isocentrs and the distance of

e image of the ssmw poim op the photograph from the macenmre tf there had been no

o

Fig 1.27 shows 2 werical
phomopract and wimd phowograph of
T eIy WUTI meTIeCun; ol
aler 2 4 Lme w8 b Ox aun
of o 2 = W oalr pom of Or
Eine pROGSTIDL. gl oTve: = O
pracgel poam of O vernia pho-
etk & B O prncms’ pouy
of O pits? phosggrept. The portios
of G mEcd phEn Shove e A¥E
of 2 = kmoem = Bx upper pan
sl e POTOE Bolow B O oD
a: O lowey par of O photogTapt

Ler o= zonsser ton ground
poses A4 saf B phowgrspbet both
e O vortch! DRNIDETEDE 25 wedl
s ot G (58] pRcigrapl O and
P st QeW Magcy L& O Lol
plsec efic 2 el £ owr B2 cox
ISRl Slagss o Dic eoTiv Al
Flaregragt, IT Iz voileal Pt
aph B ave TRaws abod Be At
& o s @ B om e gl o

PG nu mstornos

paTOFRA
pe ilted

MMETRIC SUBVE YD
s

' h- i .‘mk' -
of t::mu p:'ﬂ'm: b fll at @ while point b would fall  # The ni
i Gereflore an” and M. It is 1w be moted thar these

glacoment occur along lines which rugdices Jrom the isocentre.
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FIG 223 DisTOxLON OF A SQUARE
amoone of tlt distoriop o duplacement, conswier g 1IN wamn
.nngpapcmh:ummmunutmf.Tbhmunpm 22
phoeog raph and g¢'n repissents e prmcipal D of e
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and B 2re the {mages of rwo poins OO the tiled Pbﬁog_mrh’ slong i;s p‘rincip.'xl line,
while ¢’ d -t‘ are the ..-o—'-:s;vﬁ.ﬁs positioas 01 the vertical p.b c:ogrxrnd :lncc LB
poiz of romtion, d, and d, represemt € displacemerss of e ",‘mL : ith o;:"h. rSpes
o o and B r"‘”(::tr\c‘\ .LZ-A e be the inclipation of the ray Oa Wi SHT'J[::)):.‘
0 a oSy v. Let
8 is the indination ¢f the roy o» o Ok )

Ths d.= tlt displacement of & with respect © @
or d=iag" -1 i o )
Bu: & —#i=fum(t+o)-funy/2 aod 2= ka+ki=yta: @ +Jftane)
Hence a'{:_’u:(:-‘-al-ftznzv"l-fma—fm”z
or Ze=fltm (1 + @) - 2D @ -2wni/2] ---[2.25)(q)
Similarly, dy = ib — &% '
kb -ki=frzaf-funt/2 : i =m b +ni=frn -0+ N
g =ftm B - ftanl/2 - ftan(@-n—fun /2
or d=flmf-1maB-0- 2tzn1/2] ---[2.25(0)
[n the zhove exprassiops, the argles « and B can be found by the relations -
kb
mma= % and mnf= 7—
It caa be shown that equations [2.25 (a,b)] can be represented by the approxima:
formula ¥
dc(_‘“)_‘fﬁ‘;' e
f a point on the.upwerd

from the figure that the tilt displacement O
imward (such 2s for point @) while the tilt displacemer

half is owrward (such-as-for b)
r the points-on the principal line. The
than that of a corresponditi

It is quite clear
half of 2 tilted photograph is
of a2 point on the downward or padir point

Eguarions 2.25 give the ult displacements fo
tile displacerment of 2 point not lying on the principal line is greater

point on the principel line.
Let [ = angle measured &t the isocentre from the principal line to the point.

4. = displacement of the point on the upward half of the tilted photograpl-
¢ = displacement of the point on the downward half of the ftilted photogrift

In Fig. 2.2 (plan), the point g is not on the principal line ‘while point a is @
the principa! line. gg” is the displacement of g while ga’ is the displacement of p&
a. Since both g and g are equidistant from the axis of tilt, we _have

q¢’ = aa’ sec |

uhcrelismczngiearmeisocenucfromdxepximspajunemmcpoim.q. :

Hence the mdq of the _n‘Lv displacement of a point not on the principal line 10 M
of a point on the principal line 15 equal io the secamt of the angle ar the isocenire i

the principal line o the poinl.
Thus, the expressions for d, and d; can be written as :

wmom.\msmc SURVEYING
1

o =fsecI(an ((+a)-tana-2tn2) 4
de=fsecIfanP-rn(B-1-2unr 2 :3:-/-:::

In Fig. 2.28 (plan), p'q'r*s* represenss a s i

Wding displaced points o ‘ Quare on the vertical phatograph. The
g::c”;lcms are always pr(;dial f:)mmihcmi‘::cer:rzwggeplcuoram -y el
. . responding figure p ¢ r s becomes
1.19. RELIEF DISPLACEMENT ON A

TITLED PHOTOGRAPH N

It has been shown in § 2.14 that
e relief displacement on a vertical pho-
pgraph is radial from the principal point.
The points are displaced radially outward ’
fom their daum photograph positions. Fig. .
129 shows' the relief displacement on a
ded photograph..

A, B and N are ground points, and
4, B, Ny are their corresponding datum
positions. N and N, being vertically below
the nadir point n. A and B are imaged
it aand b respectively, a, and b, are
te datum photograph positions of 4, and
3. iis the isocentre anc k is the principal
pint. The plane O N N, A, A is a vertical
plane since it conrains the plumb line ON. .
Hr_poims n,ay and a lie on the same
vertical plane. Since the points n, a, and
i: alms: lie on the photograph, they are By

. sflme line, ie., a, and a lie on [G 229 RE -

:h?dml line from the nadir point. Similarly, UEFF}?([)SIF&;\;;E;:FW L A-THIED
hpomt n, b, and b are on the same
'dit:f? 1ab° and b_ are _radial from the nadir point. Thus, on a tlted photograph, the
2 g -;p;‘ ofemem is radicl from the nadz:r poinf. The amount of relief displacerment on
i po ((,ggap; ?q-’ends upon : (1) ﬂ_vu?g he:ght.:(u) dx_s;ance of the image from the
ol pﬁm,:. il evation of the ground.pomt. and (iv) position of ‘the point with respect
e g1y ipal line and to the axis of tlt. In the case of near vertical photograph, where

Is less than 3°, the relief displacemen. c¢sn be calculated from equations 2.19 with

r 20diﬁcan‘o:i that the radial distances r and ' sre measured from the nadir point and
°m the principal point. >
Thus rh
d=— ...[2.28
7 [2.28(a)]

03“‘“

r‘,h’
H-h

and d= .[2.28(m)

Yhere ¢ )
d is the relief displacement on a tilted photograph,

¥
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r=radial distance of image point fron
ro = radial distance of daum image point

2.20. COMBINED EFFECTS OF TILT AND
It has been shown in § 2.18 that on 2 tilted P!

no relief, the tilt distortion is radial
from the isocenure. In the previous
article, it has been shown that
the relief distortion is radial from
the nadir point. To study the com-
bined effect on the tilt and relief,
let us refer Fig. 2.30.

Fig. 2.30 shows the dis-
placements of five points A4, B,
C. D 2ad E in typical positions.
a,, by, Co. do, €, 2TE their corre-
sponding darum photograph po-
sitions. a', &', d', €' are corre-
sponding positions afier the image
has undergone relief displacement.
a, b, ¢, d and e zre the cor-
responding positions after the im-
age has undergone lt displace-
ment.

For the point A, the relief
displacement is a, @’ radially out-

ward from the nadir peint and the t
2s it lies in the upper part of the photogra
displacement tend o compensate each other.

For the point B, the relief displacement bo '
gisplacement b’ b is radially inward to the isocentre as it

point, and the £
upper part
b, b and b lic on the princip

each other.

For the point D, the relief displacement dod’ is radially outward fro
«, and the tilt displacement d‘d is zero since the image d ' happens (0 fall .00
axis of tilt along which there is no tilt displacement. ,

For the point C, the relief displacement ¢ ¢’ is radially outward from the wd
point while the tilt displacement ¢ 'c is radially outward from the isocentre Si

in the lower part of the photograph. The position of the point ha
¢, ¢'-and ¢ lie on the principal line. The relief displacement and the tilt

poin

are cumulative.

hotograph covering the ground iy

HIGHER SURvp;
YINg

v the phomgraphic nadir,
from the photographic nadip

‘ FIG. 2.30. COMBINED EFFECT OF TILT AND RELIEF
DISPLACEMENT.

ilt displacement is a'a radially inward to the isocent
ph. Thus, the relief displacement and the df

of the photograph. The position of the point has been
al line. Here also, both the displacements ten

is radially outward from the nd
lies in B
so chosen i
d to compens#

mthel?»ldil

nce it ¥
s been so chose
displace

" Lastly, for the point E

ﬂmocg,mmmkxc SURVEYING
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. the reli i '
nadir point and the tilt displacement ec: fsmplilcemem ot e Gy cutward fiom the
e ially o
in the lower part of th radially outward from the is ] i
* Thus, it ca: be concl F;hziograph. Here also, both the displacements 0::’ m;tlr:l'z;ml? '
, cluded that the iilt i | e
and relief di i
" uplpt" I::,: of rfle Photograph while ot cume‘{l a{;:gla;m:;r:{:/ tend to cancel in
n actual practice, ; g ¢ lower part.
4 rained persol:mel P~ ;c:i]:gecls of tilt can be analysed only where ‘-‘is,:- equip ment
o its with the aid of ac ¢. These eff?cu are more often removed by J;:tpl;olv(:.lv ~1‘~hic: g
certain limits of permissible curately established control points in the Phom"f"“; .'“,/ith'b
: f exrors, the effect of ilt can be eliminated by means of various
projectors. In spite of scale vari- - ) SF SUER G YATiE
ation, relief displacement and tilt ' ‘
gisplacement, an aerial photo- =
graph taken with a calibrated
precisior: aerial camera is precise
perspective view of the terrain,
and precise measurements and
highly accurate results may be
obtained from it.

12.21. FLIGHT PLANNING
FOR AERIAL PHO-
TOGRAPHY' '

(a) Fiight ines

When vertical photo-

graphs are to be used for the =
preparation of maps, all the meth-
ods of compilation require that
the plum’ points of the preceding
and succeeding prints are visible
ineach photograph. Photographs
are taken at the proper interval
dlong each strip to give the de-
Sired _overlap of photographs in
the given - strip. Each strip is
:::aced at pre-determined dis-
fces 1o ensure desired side lap

©en adjacent strips.
- 'I:he overlap of photo-
,mP‘ S In the direction of flight
. fl: called longitudinal overlap:
ovmam'ard overlap or simply
e P. Along a given flight
+ Photographs are taken at
mm_v‘;feq:ency as (o cause suc-
Photographs to overlap g 231, THE OVERLAP AND SIDE LAP OF PHOTOGRAPHS.

¥
e

N R -

(b) Oveslap in direc;'tion of i."ghts' v

(c) Side lap between flignt ines




-

HIGHER SURVEyy,

I&‘ . .
. sessive flight |
o 331 (@ shows three suuc.ﬁnc flight lines Fis
cach other by 55 o &8 per cent. Py, = Qight line and showing the overlap, Singe

. . ining the . . .
2 31 (M chows the vertical saction containing sgraphs will overlap one another W

N X ot )
the overlap is more than SO per oot a!tcﬁ:-!;nr“im s overlap, the entite arcy
3 o S hs are 3 ic ines i N »

e comi P("mu “'}L—n{i N;:;gmq;ﬂap petwoen adjacent flight lm:s r‘::: kn:n;;x :s) latery
ot ¢ EOOPICaliY. . cont. Fig. 2.3 ¢
h:rfi.\;m;?ﬂt-.;ﬂ- ‘]:: sidelsp amounts © about l-; “‘r :; IZ; ;’iu 131 (@) showy

¢ . QaenT X $ . flight lines g 2 .
e pormal to the e i
the verocal secnom f’&:‘ sl phoographs required o cover d gnmfana :xbt;:lsns Wi
Ihe nup T individual POl . . N work >
vwk: < l"l“l and riié“'lp thus Increasing the amount © or Uin
the increase in the overlap and SKRESR

field 2t well as in the office.

Reasons for QOverlap X
c swing are some of the reasons K NG o P
. mh-“.* . ‘.-W-l, inrs together accurately, 1t 1S dl'.SINNL lll‘a( the principy
s To“ m‘.h: Sr‘? n‘-‘-i:» on ;he edges of as many adjacent Strips as possitl
of each print showld & : < ) R,
: g ;.ﬂ . caused by the lens and by the tlt, and the relief displacemen
B et & B f the photograph than near the centre of ex
distortions and displacements can i

r keeping overlap in the photographs -

poit

are more promounced in the ourer parnt ©
ph:\mgr:;‘h,r If the C'\":?ilp is more m-zg:'mmiap&
g :r ‘m.d;#:::‘::“ ‘:»fepf: erb:\mgraphs stereoscopically, only the overlappd
‘:; "0 iy verlap should at least be SO% .
e ;5 D‘:ff : :ca:cr:p Qeac::t portion of the territory is photogruphe&j three m_fm
tumes. lZ:i::a;z ~m\‘- picrure distorted by excessive tlt or by cloud shadows efc. can be reject!
withott the m’\ of = new photogrsph.

(5) If the flight lines zre not mainwined straight and Pmlle_l. the ga
serips wall be lefi. These geps can be avoided by having sidelap.

(6) In the stereoscopic examination, objects can be viewed from more
if sufficient overlzp is provided. .

Fie. 2.32 shows a2 phowgraphic flight with an automatic aerial camera, the overl§
of successive vertical photographs being 60%.

EFFECTIVE COVERAGE OF THE PHOTOGRAPH

The amount of overlap #hd sidelap to be used in flight planning depends upod ;
offective coverape of each photograph. The relation between the separation of flight

ps between adjze

than one agk

and the separation between photographs must be arranged to give the greatest area (0 &
STeTeopair. »
The effective coverage of each photograph depends upon (i) size of format o
plane opening. (i) focal length and (#f) angular coverage of the lens. The effective :
coversge of the lens with the 12 in. (30.4 cm) focal length is ;q)rgscn(ui by' e
ttnelpteslofwhir.!:liclt!m«:froutnonulpoimtz.\dlhenpex:mglcot'whlchl:c
&0¢. In general, the effective coverage with a 12 in. lens will embrace m0™
¢ » 9 formar size, and hence the entire photograph is ussble (Fig. 2.33 @) T ©
sngular coverage with & 6° (152 cm) wide angle lens is a cone of rays the ¥
which is sbout 86°. A sizeable portion of the 9" x 9" format is not usable, and ¢

IMETRIC SURVEYING
rya‘““’““ 1#1

/]
N—

(@) (b)
’ FIG. 2.33. ANGULAR COVERAGE.

circle at the negative plane is equal to 2f lan%: 11.2° approximately. Due to errors in

directing the camera and in following
the flight lines, this should be reduced
to at least 10.4 in., as shown in Fig.
233 (o).

The «ffective area of overlap be-
tween the 'wo photographs is that bound
by the overlapping circles representing
the effective coverage of the photographs.
Since the stereomodels must fit each other,
the useful steroareas must be assumed

0 be rectangles having a width equal <

© the interval B between exposures. the / ]\

Wo longer sides of this rectangle pass -f==~{~F={-F 17| 1" ' i
=

(a) Effective avoriap

through the principal points of the pho-
tographs, The stereoareas is shown cross
hatched, and the largest rectangle possible
® drawn within this area,
Let W = distance between .the
flight strips d
A; = stereo-arcas
(e, area of the rectangle)

(b) Spacing between fight ines
FIG. 2.34. FLIGHT LINES AND INTERVALS



182 WIGHER SURVEy,
Then, A= BW il

But % w=VR -8B ’ "
‘A,=2VR - B For As to be maximum T;=O=R’~w

which gives R=B\2 r (3

R=52 in., the value of B=3.67 A
-9.00 - 3.67=5.33"

the direction of flight.

lence when
Overlap in terms of inches on the photograph
: % overlap=5.33/9=59.2% in

PR
Again, substituting the vaiue of R=BY2 in (2), we get

%W=\] 28'-B =B
--+(4)(2.29)

S W=28B .
Hence for maximum reciangular area, the rectangle must hav.e Ihf dlmensl:on in the
direction of flight to be one-half the dimension normal to the dlre‘ctlon of flight

From Fig. 2.33 (o), %JOT-“ or R=0.867H

Substirating this in (2), we get

B=—=R-=
N2

Substituing in (4), ~ W=122H
where H is the height of lens above ground.

Hence the distance between the successive flights equals to 1.22 times the heigh
of flight above the ground. This is the maximum allowable distance when the principd
point of tbe photographs fall directly opposite onme another on the two flight lines.

As found earlier, W=2B=2x3.67=734 in.

- Side lap berween flight lines, in teérms of inches on the photograph = 9 — 7.34 = L6’

Side lap=1.66/9=18.4%

If H=3000 metres, B=0.61 x3000=1830 m and W =1.22 x 3000 =3660¢

Hence, an exposure should be taken at every 1830 m and the separation of fligh
strips should be 3660 m. :

The above analysis presumes ideal conditions, i.e. (i) level terrain, (i) vertical photograph
(fif) .no .crab. (iv) no drift of the air craft and (v) constant flying height. The flight patt
centre lines are laid out parallel to the longest' dimension of the area, on any existiog
map. Unless the area to be mapped is exactly covered by a certain number of flight pais
spaced at t;hc computed value of W, W should be reduced to introduce one more fli
path to utilize the excess of photography for increasing the side overlap.

SELECTION OF FLYING ALTITUDE ’

The selection of height above ground depends u, : pss
. ; : pon the accuracy of the ProcF
be used and the contour interval desired. Several inter-related factors whici affect the el

7’.2. % 0.867 H =061 H

.

Y

pHOTOGRAMMETRIC SURVEYING .

of flying height, such as desired scale, relief displacement, and tilt, have.already been
giscussed, Since vertical accuracy in a topographic map is the limiting factor in the photogrammetric
rocess, the flying height is often related to the contour interval of the finished map. The
rocess is rated by its C-factor which is the number by which the contour interval is
multiplied to obtain the maximum height about the ground. .
Thus, Flying height = (Contour interval) x (C factor)

C-factor for various processes vary from 500 to 1500, and depends upon the conditions
surrounding the entire map-compilation operation.
NUMBER OF PHOTOGRAPHS NECESSARY TO COVER A GIVEN AREA

In the preliminary estimate, the number of photographs required is calculated by dividing
the toral area to be photographed by the ner area covered by a singlc photograph.

Let A =total area to be photographed

I=length of the photograph in the direction of flight
w=width of the photograph normal to the direction of fl.2i

H (m)
, f(cm)
L =net ground distance corresponding to /
W=net ground distance to corresponding to w
a=net ground area covered by each photograph=L x W
-P, = percentage overlap between successive photographs in the direction of flight

. (expressed as a ratio)
' p,=side lap (expressed as a ratio).
Since each photograph has a longitudinal lap of P, the actual ground length (L)

s=scale of photograph = (i.e.1 cm = s metres)

covered by each photograph is given by )
L=(1-P)sl )]

Similarly, the actual ground width (W) covered by each photograph is given by

W= (1~ Py)sw : ...(iD)

Hence the ground area (a) covered by each photograph
a=LW=(1-P)sl(l-Pys.w=1. ws(1 -Pp(1-Py) [2.30 (a)]

The number of the photographs (N) required is given by
N=A/a C y

instead of the total area A, the rectangular dimensions (i.e., length and

f the photographs required are computed

of photographs required in each strip

...(2.30)

If, however,
‘width) of the ground are given, the number o
by calculating the number of strips and the number
and multiplying the two.

Let L,=dimension of the area parallel to the direction of flight
L, = dimension of the area normal to.the direction of flight

\ N, = number of photographs in each strip

N; = number of strips required
N =total number of photographs to cover the whole area.



e WIGHER SURVEY1yg
Now  net length covered by each pho(ograph =L=Q-F) sl
Number of photographs in each strip is given by
'\"zl“'l*‘ 1 o T --~[2-3l(a)]
AR

Similarly, net width covered by each phbrogmph — We(1-Py)sw

Hence the number of the strips required are given by

Y = SR © S| (2310
.\__“_4»]- 0= o ow . : ))
Thus, the number of photographs required is
’_ar , _ | L o ____[‘3____+| (2.3
‘\"\"A:"’(l_my*l} {(I—P'):w } @3

INTERVAL BETWEEN EXPOSURES
The time interval between the exposures can be calculated if the ground speed of
the airplane 2nd the ground distance (2long the direction of flight between exposures are
known. )
Let V=ground speed of the airplane (km/hour)
L =ground distance covered by each photograph in the direction of flight
=(I -P)sl in km '
T=tme interval between the exposures.
Then r=32L ’ (2.32)
The exposures are regulated by measuring the time required for the image of a ground
point 10 pass between two lines on 2 ground-glass plate of the view-finder. Usually, however,
the imerval is not calculated, bur the camera is tripped automatically by syncronising the
speed of 2 moving grid in the view-finder with the speed of the passage of images across

s .- »

CRAE AND DRIFT

Crab. Crzh is the termm used
1o designate the angle formed berween
the flight line and the edges of the
photogrzph in the direction of flight,
as shown in Fig. 2.35 (a). At the

instant of exposure, if the focal plane (&) Crab of photographs
of the camerz is not square with the
Cirection of flight, the creb i caused popmmps intd
in the photograph. The srrangements TR
are aiways made 10 rotate the camncra N T
2bout the vertical xxis of camera mount. B e ’.1 "1"--- -im- e —— Wit . e
Crabbing should be eliminsted since ; ] |t
it reduces effective coversge of the [ =
(b) Dritt

photograph.
FIG. 235 CRAB AND DRIFT.
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Drift. Drift is caused by the failure of the photograph to stay on the predetermined
flight linc. If the aircraft is set on its course by compass without allowing for wind velocity,
it will drift from its course, and the photographs shall be as shown in Fig. 2.35 (&)
If the drifting from the predetermined flight line is excessive, reflights will have to be
madc because of serious gapping between adjacent flight lines
COMPUTATION OF FLIGHT PLAN

For the computation of the quantities for the flight plan, the following data is required.
Focal length of the camera lens
Altitude of the flight of the aircraft
Size of the area to be photographed
Size of the photograph
" Longitudinal . overlap
Lateral overlap
Position of the outer flight lines with respect fo the boundary f 1= «rea
Scale of the flight map

9. Ground speed of aircraft. ~
Knowing the above, the amount of film required can be calculated Le.ore hand. (n:
ineated on the map and the time interval between SXpOSures can

o N R L

flight lines can be del
be determined if an intervalometer is to be used. i

Example 2.13. The scale of an aerial photograph is 1 cm=1_00 m. The' phomg;aza
size is 20 cm x 20 cm. Determine the number of phomgmpf.u requxr.ed to f:\er an are
of 100 sq. km if the longitudinal lap is 60% and the side lap is 30 %.

Solution.
Here

1=20 cm ; w=20cm ; P, =0.60; Pu=0.30

s=———H(m) =100 (i.e. 1ecm=100 ™)
f(em) .
The actual ground length covered by each photograph s
L=(1 —Pr)sl=(1—0.6)i(1)x 20 =800 m=0.8 km
i h photograph is
al ground width covered by eac
Aol & W= (l—P..)nv=(l—0,3)100x20=HOOm= 1.4 km
ea covered by each photograph is

t ground ar
Net & =1.12 sq. km.

a=Lx W=08xl“

Hence number of photographs required 1S
N= % = _llol% =90
;Jf an aerial photography is 1 em =100 m. The phoitograph

Example 2.14. The scale.
size is 20 cm x 20 cm. Determin
10 km x 10 km, if the longitudinal lap

Solution.

Here

e the number of photographs required to cover an are
is 60% and the side lap s JO%.

L= 10 km ; La=10 km
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- Number of photographs in each strip is given by _
10,000 +1=125+1=~14

- L _
M=GTmat =06 x100x20
Number of flight lines required is given by
- L = 10,000 +1=76+1=9
M= T—Pow T 003 100%20

Hence number of photographs required will be
: O N=NxN;=14x9=126

The spacing of the flight lines would be 10/9=1.i1 km and not 1.4 as calculateq
theoretically in the previous example.

Example 2.15. The scale of an aerial photograph is 1 cm =100 m. The photograph
size Is 20 am x 20 cm, Determine the number of photographs required .m cover an area,
of 8km x12.5km, if the longitudinal lap is 60% and the side lap is 30%. :

’ 12500
i h= + l = ]7
. M=T-06)x100x20
8000
=4[ =7
(1-0.3)100 x 20 .

Number of photographs = 17 x 7 = 119.
: Example 2.16. An area 30 km long in the north-south direction and 24 km in the
east-west direction is to be photographed with a lens having 30 cm focal length Jor the
purpose of constructing a mosaic. The photograph size is 20 cm x 20 cm. The average scale
is 10 be 1 : 12,000 effective at an elevation of 400 m above datum. Overlap is to be
atleast 60% . and the side lap is to be at least 30%. An intervalometer will be used to
control- the interval berween exposures. The ground speed of the aircraft will be maintained
ar 200 km per hour. The flight lines are to be laid out in a north-south direction on
an existing map having a scale of I : 60,000. The two outer Sflight lines are to coincide
with the east and west boundaries of the area. Determine ihe data for the flight plan.

Solution.
(i) Flying height

N:

We have, -——=
_ f(m) ~ 0.3 (m) 1 -
H=12,000 x 0.3 =3600 m above ground
Height above datum=36_00+400=4000 m, .
(&) Theoretical ground spacing of flight lines
The ground width covered by each photograph, with 30% side lap is given by
- W= (l - Pw) JW. .
H(m) 3600 (m)

where w=width of photograph =20 c¢m i 5 =scale= N _ =120
' . Fm) ~ 30(m)
ie, lem=120 m ; P. =030 .

W= (1-0.3)120 %20 = 1680 m.

the flight map corresponding to a ground distance =
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@iy Number of flight lines required
The number of flight lines is given by Eq. 2.31 (b), ie.

L Ly 24,000 m
N=—“+ ==+ ]l=""—— =142+ 1=16.
o W G m ;

(iv) Actual spacing of flight lines : Since the number of flight lines is to be an
integral number, the actual flight lines = 16 and the number of flight strips or spacings

=15. Hence the acwal spacing is given by

4,000 . g gt
w=2—15-—=1600 m, against the theoretically calculated value of 1680 m.
(v) Spacing flight lines on flight map
Flight map is on a scale of 1 : 60,000 or 1 cm =600 m. Hence the distance on

-](LO—Q =2.67 cm.
"'\0

(v)) Ground distance between exposures
The ground length covered by each photograph in the direction of flight with an
overlap of 60% is given by L=(1-P)sl=(1-0.6)x 120 x20 = 960 m.

(vii) Exposure interval
The time interval between exposures is usually the integral number of seconds.

200 x 1000

= = —— = 55. /sec.
V=200 km per hour= 0 = 60 m/sec.= 55.56 m/sec

”

; . 960 (m)
i i —_———— =173 sec. & 17 sec.
The required exposure interval is 35.5 (m/s5e0) sec

(viir) Ac{iusted ground distance between exposures
Keeping the exposure interval as an integral number of seconds the adjusted ground

distance covered by cach photograph is given by
' L=VxT=5556 (m/sec) x 17.0 (sec) = 945 m.

(vii)) Number of photographs per flight line
The number of photographs per flight' line is given by
Li L, , 30000 . _ A
= =4 = 4 =316+ 1533,
‘ M=a-mat'"1 945
(ix) Total number of photographs required is
N=N;xNy=33 x 16 = 528.

2.22. THE GROUND CONTROL FOR PHOTOGRAMMETRY

The ground control survey consists in locating the gmunc.i positiops of points f”h.ic"
can be identified on aerial photographs. The ground control is essential for establishing
the position' and orientation of each photograph in space relative to the ground. Thg extent
of the ground control required is determined by (a) the scale of !heﬂmap. (b) the navigational
control and (c) the cartographical process by \l{hl_ch "‘f-’ maps will be produced. The ground
survey for establishing the control can be divided into two parts :

(@) Basic control (b) Photo control.
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The basic control consists in establishing the basic pet-work of triangulation stationg,
fraverse stadons, azimuth marks, bench marks erc. B )

The phaio comrol consists in establishing the horizontal positions or "le"i::Om of
the images of some of the identified points on the photographs, with respect 10 the basic
conmoel. '

! control as well as verrical control apg

Esch of these controls introduces horizonral : i
is known as basic horizonal control, basic vertical control, horizontal photo”control, ang

vertical photo control respectively. The elevation of a vertical photo comrvol point is de“’“““fﬁd
by carrving z line of levels from a basic control bench mark to thf point, and !hen carrying
to the original bench mark or t a second bench mark for chcckx'tlg. The horizontal photg
conrol points are located with respect to the basic control by !hlrd orde:r or_founh-order
triasgulation, third order maversiug, stadia traversing, trigonometric traversing, substance-bar

dependinz .pon the accuracy required. Vertical photo control may be

rraversiog efc. €., ! co -
flv levelling, tramsit-stadia levelling or precision barometric

established by third-order leveling,
z2lumetry ew., depending upon the desired accuracy.
The photo comrol can be esmblished by rwo methods :

()  Post-marking method

(i) Pre-marking method.

[o the pos-marking method, the photo conrrol points are selected after the aeria
phowgraphy. The distinct advantzge of this method is in posiuve identificadon and favourable
location of points. . v -

In the pre-maridnz method, the photo-control poimrs are selected on the ground first,
2od then included in the phowzrzph. The marked points on the ground can be identified
on the cubsequent photogrzph. If the conmol traverse or triangulation station or beach marks
are 0 be incorporated in the phom-conmrol per work, they are marked with paint, flags
s, i such z way that idemrification on the photographs becomes easier. The selectad
control points should be sharp 2nd clear in plan.

2.23. RADIAL LINE METHOD OF PLOTTING (ARUNDEL'S METHOD)

The radial line plor, ofien called photo-riangulation is the most accurate means of
plocing 2 plamimetric mzp from 2erial photographs without the use of expensive instruments.

As discussed earlier, the displacement of image due to relief is radial from the principal
poiat of verucal photograph. Hence the angles measured on the photograph at the principal
pomt zre wue horizomtal angler, independent of the height of the object and the flying
heighe. The vertical photograph in space can thus be considered @s an angle measuring device
¢umilar 10 2 transit or z plane wble. Also, on tilted photographs, zngles measured at the
o e 75 et o, provied ta sl chiets phogrp
mmp; - ill‘ - Lhc ool P Ogr?p.h,_ the isocentre is very near w the

Fr powut. Hence angles measuted in the vicinity of these points are very nearly
equal o the truc honzomal angles, indzpendent of tily or elevation.,
. Thu;. the radia} ’!ine method is based on the following perspective properties of 2
verticai or npear vertical phetograpa
I.  The displacements in a phiotograph dus 10 ground relief ang tilt are, within the
himit of graphical measurement, radial from the principal point of the photograph.
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2. The images near the principal point are nearly free from errors of dlt, and
they are shown in their true orthographic positions, regardless of ground relief.
3. The position of a point included in properly overlapping photograpbs may be
located on the map where three rays from three known points intersect.
principles of Radial Line Resection and Intersection
Before discussing the procedure for preparing planimetric map from aerial photographs.
let us study the principle of radial line resections and intersections. The principle can be
pest illustrated by the following two problems :
fa) To locate the principal point of photographs onm 2 map.
() To transfer images from a photograph to a map.
@ TO LOCATE THE PRINCIPAL POINT OF PHOTOGRAPHS ON A MAP
A map represents the true horizontal positions -f all points at the map scale v-‘hich
is uniform. The map position of principal point of veiiical photograph can be located either
by () three point resection or by (i) two point resection.
() Map -position of principal point by three point resection )
Let @, b, ¢ be three photo-control points 2ppezring in both the photographs (Fig.
236 a), and A, B and C be their map posidons already known by ground survey.

It is required to knmow the map position of the principal points & and k: by 3-point
resection.

T

A o1 |

| P
\\ N A/
P! N/

() Photographs
FIG. 2.36. LOCATION OF PRINCIPAL POINTS BY 3-POINT RESECTION.

On photograph No. 1 draw rays ka, kb and k. Evidently, angles ok b ém bk c are
the true horizontal angles. Similarly, on photograph No. 2, draw rays ka, kb and h(‘-[\
piece of tracing paper is put on photograph No. 1, and the ;ays ire u—;;d_a‘}hi :T;zi
paper is now put on the map sheet and is gnenled in soc C: Th:y Iyt o imc“ccm;n
rays simultaneously pass through the p!o-tt.ed positions A, B and C. A p-;:f o'  inerpecicn
of the three rays is the true map position of. the ?rt'mpal point k, e principal ¢

k, of the second photograph can also be located in & similar

can also be used in' the place of a tracing paper.

manner. A thres ammed protracter
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(i) Map position of principal points by two point resection

Let @ and b be two photo-control points appearing in both the photographs overlappigy -

each other. A and B are the plotted positions on the map sheet.

On photograph No. 1 (Fig. 2.37 a),
k, is the principal point and £, is the principal
point ‘of photograph No. 2 transferred on
to it. Rays ka. kb and ki, are drawn.

A tracing paper is put on it and the rays
are traced.

On photograph No. 2 (Fig. 2.37 b),
&, 1s its principal point and k, is the principal

(a) Photograph 1 (b) Photograph 2

point of photograph No. 1, transferred on A
to it. Rays k,a, k,6 and k,k, are drawn. LY
A tracing paper is put on it and the rays -
are tracgd. Both the tracing papers are laid K :
together on the map sheet in such a way .
that the rays kk. and kk, coincide when 1T\
one is placed over the other. The rays : /
ka and k,a will intersect at @ and the Y
rays kb and kb will intersect at b. The ' © lﬁap shaet
two tracing papers are moved now in such
a way that these intersections coincide with FIG. 2.37. LOCATION OF PRINCIPAL POINTS BY
A and B respectively, and at the same time 2-PUINT RESECHON;
the lines k%, znd kxk, coincide each other. The points %, and k, are then transferred to
the map sheet by pricking through. The line ki, on the map sheet constitutes the base
line with k¥, and k, as the insu'um.em stations.
(b)) TO TRANSFER IMAGES FROM A PHOTOGEAPH TO A MAP

Since the angles measured on the photograph at the principal point are true horizontal
angles, the position of a point can be located by intersecting the rays to that point from
two principat points. In Fig. 2.38, let p and g be the images of two points on two

1-1 g 1-2 p ] A
| X /

\\
s ) Ktk

s
P~
&

B

. !
(2) Phatograph 1 (p) Pholograph 2 (c) Map sheot

¥IG. 2.38 LOCATION OF POINTS BY INTERSECTION.
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mlogmphs.ovcrlapping each other. k, and k, are the two principal -points. As discussed
i the previous pnfa.glaph, the principal points k, and k, can be transferred to the map

the known positions of the photo control poinis. On each photograph, the rays can
pe drawn o the points p and g and can be traced on two sheets of tracing paper. Both
(e sheets are l.he.n ‘placed on the map sheet and properly oriented till the map positions
of ki and ka C.Ul"C'de 'CSP_CCllvely with the traced positions, The intersection of rays
p,p and k; p gives the position of P, and that of kg and kg give the position of Q.

The actual plotting of planimetric maps by radial line method is done in the following
steps -

(1) Transfer of principal points and plotting the line of flight

(2) Marking the photographs

(3) Plotting the map control

(4) Transferring photographic detail.

m Transfer of Principal Points and Plotting the Line of Flight

The principal point of each photograph can be marked on it by means of two intersecting
limes drawn between the opposite fiducial marks which are there on the mi.ddlc‘s of all
the four edges of the photograph. The point of intersection of these two c_oihmalmg lines
is the principal point of the photograph. Each photograph is given its serial number and
the number of the strip in which it was taken. For example, photograph Ngs..7. 8 f‘“d
9 of strip No. 2 will be marked as 2-7, 2-8 and 2-9 respectively. The principal points
of these photographs may be marked as K, ks and &, respectively, a

Since the longitudinal lap is generally 60% or more, the three photographs will have
common overlap of atleast 20% as shown shaded in Fig. 2.39. -

If all the photographs of a particular strip are arrang_cd in [{mpcr!y overlapped positions,
it will be observed that on the first photograph, its principal point will appear at its middle
while the transferred principal point of photograph No. 2 will appear at‘n'ght] harfdtsed:gli
On photograph No. 2 and all other photographs except L_hc last, three prmcnpl;'a poin Fil
appear — one of its own at the middle apd two at its two edgss, as s own Im in%;
239 where photograph No. 2 has the principal pomts_ k., k, and k,. The principa poi h.[
of each photograph can be transferred on to the adjacent photogr::p‘;i. tfme o 1Fsle:|gof
and one to the left of it, by fusion under a stereoscope (see § 2. or princip

stereoscopic vision and fusion). For this, two adjacent 1
photographs are put under the stereoscope and are -
oriented correctly with respect to each other (il
the line of flight of the pici™. IS pmrall::_l to
the line joining the centres of wo la.~=" @ ‘thc
Stereoscope. The distance berween the photog,ra_pn:
is adjusted until fusion occurs, and the reh‘ej-t. of
the landscape is clearly visible. In this pus:(}u.:.
the principal point of one photograph will be \z‘;;:
directly and its image will be projected upor ! ;
other photograph. Then with a necdle the pgsu::om
of the point can be transferred to the adjac

FIG. 2.39
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photograph. The line .joining the principal points ¢

can be m
2)

arked.

Marking the Photographs

Before plotting the map control, each pho
on it and drawing radial lines to them from
us consider three consecutive photographs 1-1, 1
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hen gives the direction of flight, Which

tograph is marked by sclectir}g SOMeE pojngg
the principal points. For lh|s_ purpose, |y
2 and 1-3 of the first strip, as showy

in Fig. 2.40. ‘3'% _
4 ERY ) 2R
B N YR I R
Control points .
ky "
A N I PR T !
P, X - »
Pe Py )
3R 4R
fu o we] [gm ge W e gr R
(2) Photograph 1 (b) Photograph 2 (c) Photograph 3

FIG. 2.40. MARKING THE APHOTOGRAPHS

On photograph No. 1, k, is is principal point while k, is the transferred principa
point of photograph No. 2. The images of three ground-control points are identified and
marked with needle points at P, P, and P,. Each of the control-points are enclosed in
small triangles drawn with a soft coloured percil or ink. In addition to three control-poins,
two additional pass poinrs 2L and 2R are selected at the edge of photograph No. 1 and
approximately in line with the transferred principal point k, of the second photograph. Thus,
on photograph No. 1, in addition to its principal point &,, there are six more points marked:
P, P, P, 2L k; and 2R, Short radial lines from the principal point of photograph No.
1 are then drawn through each of these six points. This completes the markings of photograph
No. .

On photograph No. 2, k; is its principal point, while k, and k, are the transferred
principal points of photograph Nos.1 and 3 respectively. The ground control poimt P, P, 2ad
P, appear at iis edge and nearly in line with k,. The pass points 2L and 2R appe¥
approximately in line with £;. In addition to these, two additional pass points 3L and 3R
are selected at its edge and zpproximately in line with the transferred principal poits
k, of phowgraph No. 3. Short radial lines from the principal point of photograph No
2 are then drawn through each of the points marked on it. This completes the markit
of photograph No. 2. .

On photograph No. 3, k, is its principal point, while k, and k, are then transfertd
principal points of photograph Nos. 2 and 4 respectively. The pass points 2L and 2R
zppear at its upper edge and in Line with k,. The pass péints 3L and 3R appear in li{t
with k. In addition to these, two additional pass poims 4L and 4R are selected 3t 8
lower edge and approximately in line with the transferred principal point k,. Short r;di
lines from the prifxcipal 'poim of photograph No. 3 are then drawn through each of
point marked on it. This completes the marking photograph No. 3,

T
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Each of the succeeding photo
‘Onn(,] points are reached. The epq

int.
o) Plotting the Map Control
' The ;ja;a Oflmee;eval'atc photographs are combined ito a map showing correct relative
Jocations O tneI selected points and the control points withthe help of a sheet of transparent
ﬁlm' base, (ce ulose a?ctatc) or 2 good quality tracing paper which exhibits very small changes
in its dimensions with changing atmospheric conditions, i
The plotted positions of ground control points P, ),-and P, chosen on photographs
{ and 2 are kI_mWn on the base map. The tracing is stretched on the base map and
these coptrol points are transferred by pricking through vith a needle. Photograph No. 1
is then slid under the tracing and is oriented in such a way hat the radial lines through points
Py {’, and Pr'Of thf_PhOtograph pass through the plored control points P, P.. P, on the
raciog. In this position, all the rays and points are trzed. The principal point k, and
the transferred principal point k, are also traced.
Photograph No. 2 is then slid under the tracing and “is oriented in such a way

graph is marked in asimilar manner until other ground
Photograph of the striy must include at least one comtrol

that rays previously drawn on the tracing pass through the corresponding. points on the
photograph, keeping the traced flight line k, k, coinciding with flight line k, k, on the photograph.
Thus, photograph No. 2 is correctly oriented. In this position, all rays and points are
raced. In this manner, each of the successive phkotograph s slid under the tracing, oriented
and the rays traced till another ground control point is reached.

Fig. 2.41 shows the plotting of the map control or the tracing. It will be observed
that at each of the pass points, there will appear
three intersecting rays. The position of each of the
points is located on the tracing at the point of intersection
of the three rays. This point of intersection may not
dppear to . coincide with the corresponding point on
te photograph, because of the displacements due to
ground relief. Sometimes, due to errors of plotting,
the three rays may nol intersect at a point, but may
form a small triangle of error. In that case, the centre
of the triangle is taken as the position of the point.

The plotting work is thus continued till the next
ground control point is reached. In a perfect map
control work, the image of the control point, as located
b the intersecting rays, will be the plotted position
of the point traced from the base map.

_ Incase, the plotted position of the ground contrel
Pt does not coincide with its traced position, as )
Usually is the case, the lines of flight, or the positions of the principal points 2re adjusted
5 shown in Fig, 2.42, P is the position of the ground control point as located by the

lersection of rays, and P * is the corresponding position as traced from the base map.

US, the total error is P'P in magnitude as well as direction. Each of the principal

FIG. 2.41. COMPILATION OF MAP CONTROL
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(@ Trassferring Photographic Decails F \\.k;

To ransfer the phorographic (etails, esch pho-

ograpl s siid under o macing and orentd R G 2420 AWUSTMENT OF THE LNy
the map cosrol. The demils are thea racad on OF FLIGHT.

the macing. Nex: phorograph is then shid and oriented ) )

and corresponding rays are dmwn ® the points. The intersavtion ‘ot the WO sets of rays
obained from the two photographs will give te plottad positions of the points, as illustr
in Fig 238 The detalls can be mansferred © the hase map either by photograph o
by wmacing over a carbon sheet

Plain Templets Method ol Control

The reoplet method is varistion of the rudial hne methad, and is used’ with greste

comvemience when a considerable area is o be ploted by radial-line methad.

Templets are of mwo kinds

() Plain temples (i) Slotted templets.

The plain templess are acrally the substitutes of the tracing acetate paper of film
The plain templets sre transparen! sheets, preferably of acetate, and of size slightly bigwe
than each photosrach. The ground cootrol points and pass points or minor control poins
are selected and marked on cach photograph as explained ecarlier. The principal point of
each photograph is also transferred o the adjacent photographs. Separate templets are used
for each photograph. The templet is placed on the photograph avd the position of priucip!
poinrs are pricked through on to the templet. Radial lines are now drawn on the templt
from the principal point over cach control point already marked on the photograph. Thus.
templets are marked for each and every photograph.

The first templet is then placed on the base map having the plotted positions o
the ground comtrol, and is oriented such that the rays of the templet pass through ¥
plocted control points. After this, e second and third templets are also adjusted and orlen
properly by the same method 25 used for the radial line method. All the templets orie
in this way are fastened together by Scotch wpe, Gl another set of ground control poin®
is reached. If the ground cqnlml points on the templets do not coincide with the correspo i
map positions due fo various sources of errors explained already, adjustments are
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sy sretching O twisting the whele assembly of remplets as whole unal the map positons
o ground coamol poues coinende with the corresporcling positions on the  templets. The
SR of control points estadlishad on the combinad astembly of ‘t:m-n'.*u l‘- e transieresd
o O base map by pricking through the acetate shoers with m\;!!:.

Slotted Templet Method of Control

The slomtad remplet is an improvement over the plain templet. In this methnd, ad
s from the principal points on minor and ground control points ar geplwed by oGoh
oot in canddoand or acemte templets (Fig, 2.43).

The templets may c‘xmc.r be of — )
soctate shoets or sheets of thin, fimm
candboand of about the same size of \

¢ phorographs, As in the radial line
method, the ground and minor control
points are selectad on each photograph
and marked with neadle points. These —
poings are then rransferrad to the templet

by pricking through the photograph.

The templet is thus markad with the ., N
principal point of the photograph, the V/
two transferred principal points of the

sdjacent photographs, and the ground e

and photo-control points, The templet M Sad ! o

is then taken to the slof-curting machine, ==za

A small bole is then punched at the FIG. 243, SLOVTED TEMPLET METHOD

principal point. Slots representing rays
nadiating from the principal point to the marked points are cut foro the wmplets by the
machine. 1.te slot cutting blade of the machine is designed so that it can be centrad accurately
over the photograph position of any point marked on the emplet. The width of the slots
cut are of the same size as the diameter of studs (Fig. 2.43) which are inserted through
the slots. One such templet is prepared for each photograph. “The metal studs to be laserted
in the slots are drilled centrally with a fine hole to accornmodate a steel pin

A specially prepared floor or dais is used for asscubly  of the slotted templets. The
base map comtaining the accurately plottad ground control poirts is stretched on the floor.
The first templet is put on the base map and is oriented with ragpect to the groumd control
poiats. Those photo-point studs which correspond to known ground conirol points are then
fixed in position on the map by pins (Fig. 2.43) driven through the central holes of the
studs. The movable studs (i.e. studs having no central pins) are inserted through those

. slots representing the rays to each selected photo point. The second, third amd other templets

Are then put on the map and oriented one after the other by the method explained earlier,
il another set of ground control points are reached. The assembled templets are adjusted
slots belonging © each ground control point will fit over the fixed
stud belonging to that point. When this is achieved, all the free stnds represeniing the
photo-control points and principal points will be automatically adjusted. The positions thus
found for the movable or free studs are the most probable positions for the gorresponding

until two or more
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photo points, and their positions re then mansferred [0 the map by inserting sharp p,
pins through the central holes © the suds.

If the effect of tilt is mor in a photograph.

Before it can be usad, it will ead to be rephotograpit
method is that any fault due to Wiong

The imponamt sdvantage of the slotted templet
Iy detected when the templets do noy fit

position of the slot or other sourcs is mechanica )
STERKSCOPY AND PARALLAX

its templet will not fit the assempy
hed and the tilt effect remgye

2.24. STEREOSCOFIC VISION "

The depik perceprion is the mrnal process of determining
relative distance of objects from the asaver from the impressions
received throagh the eves. Due to knocular vision, the observer g
is able to perceive the spatis] relatas, e, the three dimensions
of lus fHicdd of view,

The impression of depth i caused mainly due to three
reasons - (1) relative zpparent e of mear and far objects,

(2) effects of light and shade, nd (3) viewing of an object
simmimneously by fwo eves wich are separated in space.
Ouz of these, the third one is he most important. Each eye
views an obiect from 2 slighy different position, and by E,
a physiclogica! process the Two sparale images combine together b
in tie brzin enzbling us 1o see in three dimensions. FIG. 2.44. ANGLES OF
Angle of Parallax (or Parilsctic Angle) PARALLAX.

In wormel binocular wion, the apparent movement of a point viewed first with one
eve and then with the otheris known as parallax. Since an object is viewed simultaneously
by two eyes, the two rzysof vision converge at an angle upon the object viewed. The
angle of parallax or the erallactic engle is the angle of convergence of the two rays
of vision In Fig 244, and B ezre two objects in the field of view, and are being
viswed by the two eyes spresemed in space by the positions, E, and E, . E, E; = b is known
a2s the eye base. The agle EAE; is the angle of parallax (g,) of object A, and the
sngic E BE, is the angle ¢ peraliax (o,) of object B. The object B, for which the parallactic
wnzle o, 1 prester, willde judged 1o be nearer the observer than the object A for which
the parallactic angle @, 5 smaller. The measure of the distance BA is evidently provided
by the citference isthe pzrallactic engles of A and B. This difference, it
2, - o (=04) is termé &s the differential parallax.

Emes

Eye base
b

Siereoscopic  Fusion

The principles of stereoscopic vision can readily be applied to photogrammetry- A’
scris) camers takes & sers of exposures at repular intervals of time. If a pair of photogrs™
s mien of sn objed fum 1wo shghuly different positions of the camera and then VieW
by & spparatus which :sures Mat the lefi eye sees only the lefi-hand picture 8 #
reght eye w duecicd (o be nght hand picture, the two separate immages of the object wil
fuse wpether i tie brai 1o provide the observer with a spatial impression. This 1§
25 3 mereoscopic fusion The pair of two such photographs is known as s:ereupdl7~
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gl o rfor e .“CfE(}.pai" : the sterenscope ‘and the anaglyph. To illustrate
the phenomenon of stereoscopic fusion, let us conduct an experiment (see Figs. 2.45 and
7.46) described below. eTiment (3 .

Fig. 2.45 shows twWo pairs of dots near the top edge of a shest of paper. The

} B Card board
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F'G. 2.46. STEREOSCOPIC FUSION.

“FIG. 2.45
distance between dots A and A, is less than the dots B and 8,. Place a piece of cardboard
between AB and A, B,, in the plane perpendicular (o the sheet so that the left dow A
B are scen with the left eye and the right dots A, , B, ars seen with the right Zye. By
staring hard, it will be observed that A and 4, fuse together to form a single dot which
appears closer than the fused image of B and B, (Fig. 2.48).

The apparent difference in level is known as stereoscopic depth and depends on the
spacing berween the dots. The spacing between the dots is called the parallax difference.
Clues to Depth Perception

As stated earlier, the depth perception is the mental process of determining relave
distance of objects from the observer from the impression received through the eyes. Numerous
impressions are received that serve as clues o depth, and the following clues are important

from photogrammetry point of view :
(1) Head parallax (2)  Accommaodation
(3) Convergence (4)  Rentinal disparity.
Head parallax is the apparent relative movement of object at

() Mead Parallax :
differen: distances from the observer when the OBSCrver moves.
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(2) Accommodation : Accommodation is the process bY “h"'—hﬂ‘h“. lens of the
can be flatteped (to focus nearby points on the retina) or made more co.nvcx (o focyg
nearby points on the retina) in accordance with requirements placed on it. Due 1o .,
accommodation of lens, the brain gets an approximate clue to distance (or depth), The

o ; / cyes ;i i
ability. of the eye to accommodate this way become .less for.\'-.eask cye 1t beging to
reduce in the forties and is usually completely lost in the, SIXUES.

(3) Convergence : In order to see an object clearly (or sharply) it is necessary

that the image of the desired object is placed on the most sensitive part of each regp,

{the fovea). This causes the two eyes (o fum Or CODVETge. The convergence of the eye
is therefore 2 clee to distance since the eyes converge more for ncar%)y pomts and |egg
for farther points and brain is aware of their relative positions. In Fig. 2.46, the axe
of the eyes are directed o points A' and B’ behind the plane of paper whereas the eye
must be focused for the plane of paper if the dots are 10 remain sharply defined. Thy;

the comvergence of the eyes (to view A4’ and B') is not in sympathy with their accommodation

(to view 4 and B sharply).
(4) Retinal Disparity : The picuure of an object received by the two eyes are slighty
different since the two eves are at different positions. The difference between the images
on the retinas is called refinal dispariry. Since it is a function of -the relative distance
of objects viswed, it provides a very strong distance clue. In photogrammelry, this is the
only clue wkich is acually used, The range and intensity of stereoscopic perception can
be increased by two ways .
(i) by apparemtly increasing the base between view points.
(if) by maguifying the field of view by use of lenses.
Stereoscops=
Stereoscope is 2n instrument used of viewing stereopairs. Stereoscopes. are designed
for two purposes
- (1) To assist in presenting to the eyes the images of a pair of photographs so that
t!?c_ relationship between convergence and accommodation is the same as would be in natural
vision. ’
(2) To magnify the perception of depth, . '

There are two basic types of stereoscopes for stereoscopic viewing of photographs:
(I) Mirror stereoscope : (2) Lens stereoscope.

(1) The Mirror Stereoscope : The mirror stereoscope, shown diagrammatically in Fig. 247
(b.). consists of a pair of small eye-piecce mirrors m and m’, and a pair of larger ‘wing
mirrors, M and M’', each of which is oriented at 45°- with the plane -of the photographs.
Fig. 2.47 (a) shows a rail mounted on a block of timber, and Is being photographed
by two camera positions. The camera lens is placed first in the position of left eye
then in the position of right eye, and separate photographs are taken in each position.
Ir will be noted that the head of the nail is to the left in the lefi film and to the TN
in the night film. ab and a'¥’ are the images of the nail AB in the two films.
Contact prints from these negatives are placed in the mirror . how?
_ , . irror stereoscope 2s sh®
in Fig. 2.47 (b), where only images of the nail are drawn, The four mirpreors transfer
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a
Negative 2

Retina Retina

Prim 2

‘(a) Stereopair of nail
FIG. 2.47. PRINCIPLE OF MIRROR STEREOSCOPE.

'(b) Mirror stereoscepe

the light to the eyes exactly (except for accommodation) as if it had ¢_ric from nail as
shown by dotted line. The convergence and retinal disparity are suffic =t jor the observer
to see the nail in three dimensions.

The total distance b M m E or b’ M’ m' E', from the eye to the plane of the photographs
varies 30 cm to 45 cm, in order that the unaided eye may comfortably view the photographs.
The angle ¢ is determined by the separation of photographs that gives the most eye comfort,
and is compatible with the distance bMmE. If this distance is to be reduced, a pair of
magnifying lenses are placed at E and E'. Each magnifier has a focal length slightly smaller
than the distance sMmE. Some types of mirror stereoscopes have a set of removable binoculars
which- are placed at the eye positions E and E'. v

Fig. 2.48 shows a Wild ST - 4 mimor stereoscope with a parallax bar manufactured
by M/s Wild Heerbrugg Ltd. It is used for spatial observation of stereophotographs upon
a maximum mode! size of approximately 18 cm x 23 cm. The distance between the central
point of mirrors is 25 cm for all interpupillary distances. The whole model area can be
seen through the two lenses provided for correction of the bundle of rays and for accommodatigg.
‘A removable set of eyepieces with 3 X magpificaion can be swung in over these lenses
for closer examination of parts of the model and study of dewmils. A pair of eyepieces
with 8 X magnification can be inserted in place of those of lower. The 8 X eyepieces are
particularly useful when selecting tie points in aerial triangulation. The two inclined bmm
eyepiece tubes are adjustable for interpupillarly distance of 56 to 74 mm and have eye-piece
adjustments for focusing the separate images.

The greatest single advantage of the mirror stereoscope is the fact that the phmog{aphs
may be completely separated for viewing, and the entire overlap area may be seen stereoscopically
without having to slip the photographs. ' . «

(2) The Lens steuoscobe . A'lens stereoscope consists of a smgle_ magmfymg' lens for
each eye, and no mirrors. The two magnifying lenses are moume'd. with a separation equal
10 the average interpupillary distances of the human eyes, but provision is made for char}gmg

this sephration to suit the individual user.



The distance between the nodal point of the lens
and the plane of the photograph depends upon the focal
length of the lens. The two photographs can be brought
so close to the eyes that proper convergence can be maintained
without causing the photographs to interfere with each other
as shown in Fig. 2.49. Since the photographs are very
close to the eyes, the images occupy larger angular dimensions
and threrefore appear enlarged. Fig. 2.50 shows a lens stereo-
scope.

The lens stereoscope is apt 1o cause eye strain as
accommodation is_not in sympathy with convergence and
the axes of the eyes are forced out their normal condition
of visions. Most lens stereoscopes are however, quite small*
and can be slipped in one's pocket, this type being called
a pocker stereoscope. Because of larger size, mirror stereoscope
Is mot so portable as is the pocket stereoscope.

2.25. PARALLAX IN AERIAL STEREOSCOPIC VIEWS
Parallax of a point is i)

the displacement of the image A "E"“‘

of the point on two successive Sl 605 ima

HIGHER SURVEyyy

Reting

Retina

FIG. 2.49. OFTICAL DIAGRAM Of
LENS STEREOSCOPE,

exposures.

The difference berween
the displacements of the images
of two points on successive
exposures Is called the differ-
ence in parallax berween the

™wo  poinis. Let s
In Fig. 2.51, two points A

A (lower) and B (higher) are A

being photographed by the two —a"—‘—

positions O and ¢ of an aerial : H—Pa

camerz. If the plane is moving
ar a speed of 200 km/hour
and if the exposures are taken
at an intervazl of 20 seconds,
the lens centre moves a ground
distance of zbout 1110 metres
between the rwo exposures.
Suppose that berween the two
exposures, the image of the
lower object A has moved a
distance 6.05 cm across the
foca! plane of the camers, and

x

FiG 25).

PARALLAX.
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the image of the higher object B has moved a distance of 7.25 cm. Then the parallax
of the lower point is 6.05 cm and that of the higher point is 7.25 cm.
~In the left photograph, a and b are the images of the two points. k' is the transferred
principal point of the right photograph. Both the images a@ and b are to the right of the
y-axis of the left photograph. In the right photograph, a’ and b’ are the images of the
same points, both the images being to the left of the y-axis. Thus the images (a, b)
of the points have moved to (a', &) between the two exposures. The movement aa’ (shown
on the left photographs) is the parallax of A, and 66’ is the true parallax of B. The
parallax of the higher point is more than the parallax of the lower point. Thus, each
image in a changing terrain elevation has a slightly different parallax from that of a neighboring
image. This point-to-point difference in parallax exhibited between poinis on a stereopair
makes possible the viewing of the photographs siereoscopically to gain an impression of
a continuous three dimensional image of a terrain.
The following are the ideal conditions for obtaining aerial stereoscopic views of the
ground surface : '
(1) two photograpas are taken with sufficient overlap.
(2)-the elevation of the camera positions remains the same for the two exposures,

(3) the camera axis is vertical so that the picture planes lie in the same horizontal
plane.
Algebraic Definition of Parallax : As defined earlier the displacement of the image of
a point on two successive exposures is called the parallax of the point. On a pair of
overlapping photographs, the parallax is thus equal to the x-coordinate of the point measured
on the left-hand photograph (or previous photograph) minus the x-coordinate of the point
measured on the right-hand photograph (or next photograph). Thus
p=x-x' .

Thus, x-axis passes through the principal point and is parallel to the flight line,
while the y-axis passes through the principal point and is perpendicular to the line of flight.
In genmeral, however, the flight-line x-axis is usually very close to the collimation mark
x-axis, because of the effort made to eliminate drift and crab at the time of photography.

Thus, in Fig. 2.51, the parallax of points A and B are given by
Py=Xp—=X'p

..(2.23)

Pa=Xa—X'a and ‘
In substituting the numerical values of x and x’, their proper algebraic sign must
be taken into consideration. Thus, in Fig. 2.51, if x; = 2.55 cm, x’s = = 3.50 ¢m, x» = —4.05 cm

and x»=-3.20 cm, we have
Pa=+2.55 - (-3.50)=6.05 cm
po=+4.05-(~320)=725 em. _
2.26. PARALLAX EQUATIONS FOR DETERMINING ELE}'AT!ON AND GROUND

CO- ORDINATES OF A POINT )
Let A be a point whose ground co-ordinates and elevation are to be found by parallax

measurement.
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Let K be the ground position of
tke principal point & of the left photograph,
and X and Y be the ground co-ordinates
of A with respect to the ground co-ordinate
axes, which are parallel to the photographic
x and y co-ordinate axes, and with K
as the origin. M is an imaginary point
which has got the same elevation as that
of A, and which lies on the ground X-axis.
a and m arc the images of A and M
on the right photographs, and &' and m'
are the corresponding intages on the right
photograph. Let (x,"y) be the co-ordinates
of a on the left photograph, and
(x', ') be the co-ordinztes of a' on the
right photograph.

From triangles OKM and Okm, we
have

Ok _Om _km
Ok OM KM
_Om_zx
H-h OM X -0
From triangles Oam and OAM, we oo . '
fave FIG 2.52. PARALLAX EQUATIONS FROM
RAPALLAX MEASUREMENTS. '
On _am
OM AM
Om am
5 Om__f am _y
ut oM H-h from (1) and MY
He am _y__[f S
ence AM-F H-h .(2)
Similarly, from wtiangles O'K'M and O K'm, '
'O’k’_O'm'_lz’m' f x'
oK OM KM * H-nTX )
and from ‘triangles O'MA and O'm'a’, we have
Om' am ¢
e e, Yy
oM AM or ﬁ-—Lh-=7 ) ...(4)
From equations (2) and (4), we have i P W i
H-h Y Y
or y=y 2.3

Equation 2.34 establishes thal there is no y' parallax in a stereoscopic pair of photographs:
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In the left photograph (Fig. 2.5 ) ;
Then, in the triangjles Om”"m agnd o:!)o'_ dl.'aw Om" parallel to O'm' of right photograph.

00" is parallel o m"m
Om coincides, ‘with, and is parallel 10 oM
om" is parallel to o''m’ '

nce the imi . .
Hence they :: isimilar, and their corresponding altitudes are f and (H — h) respectively.
TS, F_kr 00"

But '"m"=k'"+km"=x—x’=p and OO’ = B = air base

L _r
H-h" B )
of ; H-hw g,‘,‘z ...(2.35)
This is the pavallax equation for the elevation of the point.
Again from equations (1) and (2),
H-h H-k
X= and =
H . ' ' d ’
: -k B
But —_—=
ul 7 P from (5)
B
HCQCC =;X and =%y ...(2.36)
This is the parallax equation for the ground co-ordinates of the point.
Difference in Elevation by
Stereoscopic Parallaxes T
In Fig. 2.53, 4,4, s a
flagpole being photographed from —
two camera positions O  and .
0'. The top A, of the flagpole %

has an elevation of h, above the
datum, and the bottom A4, has an
elevation of h, above the datum. \
H is the camera height for both
the exposures.

In the left photographs,
a, and @, are the two images of
A, and A,, and their x-co-ordinates -
are x, and x, respectively.

Similarly, in the right pho-
tograph, @'y and a', aré the images
of 4, and A, respectively, and their

in 4 ! -
x-co-ordinates are x'\ and X2 T€ . )5 LIEFERENCE IN ELEVATION BY STEREOSCOPIC
spectively. PARALLAXES.

1

Ground
—_ 1

Datum
—_—T ¥
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Evidently, the parallax p, for the botom of the flagstaft is given by
pri=x =X o " ()
Similarly, the parallax p; for the top of the flagstaff is given by
R=x-x3 . i (2
Hence the difference in parallax (Ap) of top and bofom poinis IS given by.
Ap=pi-pr=(x-x)-@=-x) -(3)
From equation 2.35, the clevation of amy point is given by
w=n-%
p
Hence, for the top and bomom of flagstaff, we get
Bf
he=H-% g b =H-Z
M
Difference tn elevation (A k) is given by,
BfY (,5_BN\_8_Bf
=f-—-M = - |- H- B et = e
S (H p:] l P.) PP
or _1;,=L"%‘;'_'1)@r Ce23)
or Ahp";’_ Bf L 237
l - .
Now Ap=pi-pr of  p:=pi+Ap
Hence, we have Ah 1 2 Bf ’ ...(2.38)

pipi+4ap)
Mecr Principal Base (b,) : The diszznce between the principal point of a photograph
and the position of transferred principel point of its next photograph obtained under fusion
tirough siereoscope is called principal base. Thus, io Fig. 2.51,
b = b = principal bese of lefi pnotograph
and Fk=§ = principal base of right photograph.
llnmuldbcmmbzndb'uﬂlnx'beequzlshnehelcvadonofgmund
positions of the principal points (K end K') are pot the same.

The mean principal base is the mean value of the prizipal bases of the photographs. -

Thes, b= b+ b ’

If the ground principsl points (K and X') have the same elevation, then under ideal
cooditons, ba =b c y

Now, in Fig. 252, It the damm pass trough the bortom A, of the fagstaff (i.e.
A =0) Assuming the ground @ be now the damum plane, the ground principal points X
and K wili be st the same elevation, aod the parallax of the principa] points (i.e., the
priocipal base) will be equal w b If H is the beight of camers above the daum (i.e.
zbove 4, now), the general relationship between b oard B s given by

—y
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|
==

or B:f}’fl”yb ..A2.39)

where s is the scale of the photograph ar darum elevation. Substituting this value of air
pase in equation 2.38, we pet

ap
Ah=
Plfl’l*AP)'Hb
Since K, K" and A, arc all at the same elevation, their parallaxes are the same
Hence Py=parallax of principal points = b
Hence, we get the parallax equatjon -
an=-Hor _Hap .2.40)

_b+Ap p+ap

While using equations 2.40, the following assumptions must always be kept in mird.

(1) The vertical control point (i.e., point A,) and the two ground principal points
lie at the same elevation. '

(2) The flying height (H) is measured above the elevation of the control point and,
nct sea level (unless the control point happens to lie at sea level).

In practical applications, the mean principal base (b,) is used in place of b, and
flying height above the average terrain is taken as the value of X
Alternative form of Parallax Equation for A&

We have, pl:.if% pr= HL-}T,
hy - h
Ap=m-n=f8( i r gl ) B i
But Ah=h—hand h,=Ah+h,
Ah
A= Ty H- B
or - ApH-h)Y -ApH-h)Ah=fBAh
or Ah(H-h)Ap+fBl=(H-h)YAp
H-h)ap
or Ah:(H(-h.)Ap+fB
Dropping the suffix of h, we get
ap-_tH-BAp 2 31(@)
‘ (H-h)Ap+[fB
where h is the elevation of lower point above damm.
i H-hyap (2.4
Putting fB=Hb, we get Ah=m el

jon is in its most general form. Eq .40
{ be noted that the above equation is in 15 5
is uwlspi(i):lldfonn of this, and can be obtained by puaing A =0 (ie., lower point x

daum) in Eq. 2.41). Thus
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apo (H-0ap _gJ’;‘LA:l{—‘}"—F 2.4
CH-0ap+bH HapthH APTT
RALLAX p

.27, I:ZFFECTS OF CHANGES IN ELEVATION A AND PA - S o 287 1

The difference of elevation hetween two oIS is given by “f == R,

Y I e ,f ! B,
PP . :

In order to find Ak therefore, the parallaxes p, and p; of both e points are
o be measured very carcfully. If, however many computations arc‘mqmrcd (@ In mapping),
the above method of ﬁnding' Ak is quite inconvenient. In such circumstance, the following
twoe methods are in common use : . echod

(1) the unirchange method. (2) the parallax-rable method.

In both the methods, use of ~recise instruments (such as parallax bar, siercocomparaior
or contour finder) are used to measure the difference in pummzr‘(A}?) dlff-‘c"y by méans
of micromeser scales and the fusion of two dots in the sfercoscopic view, ino a so-called
Jflocting mark (sec § 2.28).

(1) The Unit-Change Method

From eguation 2.35, we have

HonZ or n-#-% ()
P 4 '
By differentiation, we get dh=;';dp
. B (H-h)
shst A . 2.35), we get dh= .dp ...(2.42
Substituzing PEEh (from Eg 23?) e g a7 ip ...(2.42)
‘ E_H (H-hy
Ly ' = . d ...[2.42

Since 57 " we have also dh i p [ (@)

The sbove cquations express the rate of chang - of p for the infinitesimal change
dh o the value of h.

The instrumenis used for meszsuring perallaxes are divided in millimeter, and hence
the umit of change in parallax s tzken 2s one mijllimeter. Let the rate of change dh be
gssumed 1o be comstan for | mm change in dp. '

- Then dp=1mm=Apy (say).

If the value of Ak is compuied for a corresponding value of Ap,=1 mm, the
towl valee of &k (Le., difference in elevation ) is found by multiplying Ak, by the number
of millimeters in Ap. ’

Equanon 2.42 can then be written as

(h - k) Ap
Aly= T£ 4 ...[2.43 (ﬂ)]
: (H-hy (H-n'
or Ab“;T:_‘IT (since Apy=1mm) .(2.43)

2od Ah=Ah»Ap ...(2.44)
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tions 2.4
";} "i_:‘:‘ Also J and 2.44, y, h. B and Ahy are in meters, while Ap and [
gre millimeters. » N average value of (If - h) should be substinuted
@ The parallax Table Method ’
by o

P=H=h

put _”_‘_’l =g =scale of the

I,hou_;gmph at the clevation k.

-

Hence r= 5
But %:b=distance on the

?hotograph corresponding to the
air base distance B.

Hence p=»b for a given elevation
h above datum.

In Fig. 2.54, A is an object at
an elevation A above datum, and
A, is its datum position. The point
A has been so chosen that it is vertically
below the second exposure station O ‘.
since the image of A and A, coincides )
with the principal point &’ of the second
photograph, the parallax (p) of A will
be a distancc ka (=b) and the parallax (p,) of its datum position A, will be a distance
ka (= bo). _ .

Hence p=>b. ; and po=bo
and b and b, are the photograph distances of the air base B, at the elevaton 2 and

datum respectively.
Hence Ap=p-po=b-by
But Ap is the radial displaccment due to relief of 4, and s value is given by

equation 2.19, i.e.,

bh  boh )
s a8 e ...(2.45
AP H H-h 243
where b= absolute parallax at elevaton H
and _bo=absolute parallax at damm elevation.

Using this equation, a table of total parallixes designated as LAp can be computed
using a given value of H and the absolute parallax b, = 100 mm at the darum elevagion,
for the desired increments in h. The computations can be dooe as follows

bo h
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USSR parar H - h) = 3000
_8000 m to (H~h)=
and h be increased by 10 m for the interval (H-h) =8 :: ( M, any
them by 5 m for interval (H - A)=3000 to (H-K)=1500 ™
Wten h=0, H-h=8000 m and EAp=0
100 x 10 _ mm
zAp=_ﬁ—_0.125

a2 100X 1000 _ o5
A7 =""3000

100 x 5000 _ 166,667 mm.
4 ="3000 .
h can be found and a magy
Such a table will, howeyer,
100 mm. The values of

When k=10, H-hk=7990 m and

When £ =1000m, H-k=7000 m and

When A =5000 m, H -k =23000 and

Thus, the values of £ Ap for the different values of
parallax table between (¥ - h) and ZAp can beog(f)q’”;d-bo_
be useful for direct computations only if H=8 and bo= . *
TAp in the @ble may, bowever, be adapted to other conditions also if they are multiplieg

by a coostamt K such that
g o o (photo) x H (photo)
T 100 = 8000

Example 2,17. A photogrammetric survey is carried ou 1o a scale of 1 . Zooqo,
A camera with a wide angle lens of f=150 mm was used with 23 cm x 23 cm plate sie

for a net 60% overlap along the line of flight. Find the error in height given by an
error of 0.1 mm in measuring the parallax of the point.
L )
Scale = 7
1 15071000 (m)
20,000 H(m)

or H=11£)zzo,ooozzom m

The length of the air base is given by _
(1-2 ) 1s=(1-06)-2 = 184
B=(1-Ec)1s=(1-0.6) -2 x 20,000 = 1840 m

-..(2.46)

Solution.

From eguation 3.41, we have

_(H-n
dh = 7 .dp
Corresponding to the datum elevation,“ the error dh for dp =0.1 mm, is
(3000 - 0)* ) - :
dh 1840 % 150 % 0.1 =3.26r.u.

Example 2.18. In a pair of overlopping vertical photographs, the mean distance between
two principal points both of which lie on the datum is 6.375 em. At the time of photography.
the air-craft was 600 m above the datum. The camera has a focal length of 150. mm
In the common overlap, a tall chimney 120 m high with its base in the datum surfact
is observed. Determine difference of parallax for top and bottom of chimney.

ﬂnm(;;uMMr-:rRlC SURVEYING N
Solution.
s=Scale of the photograph for datym elevation = £ = 15071000 _ |
600 4000
For the daum clevation, we have, from Eq 239 2 _H
- », L4
H
B=—p=5xph= E]z ~
f 0T 8% b =400 x 20 - 255 m
The parailaxes for the top and the bottom of the chimney are calculated from Eq.
35, Le.
1 /i
P=m%

For the bottom of the chimney, & =0 (since the bottom of the chimney is the datum),
pd hence

_ 255 x 150 (mm)

T
For the top of the chimney, #=120 m
- _ 255 x 150 (mm)
P =600 - 120
Hence difference of parallax is given by
Ap=(p2-p)=76.69 — 63.75 = 15.94 mm
Check. From equation 2.40,

_Hap _ 600 mx 1594 (mm)

" b+Ap 6375 (mm) + 15.94 (mm)
which is the same as the given height of the chimney.
Example 2.19. A flag pole appears in two successive photographs taken ar an altitude
i 2000 m above datum. The focal length of the camera is 120 mom and the length of
be air base is 200 m. The parallax for the top of the pole is 52.52 rom arnd for the
btom is 48.27 mm. Find the difference in elevation of top and bottom of the pole.
Solution :

The difference in elevation berween two points is given by equation 2.37, ie.

2 =P\, [52.52-4827
Ah=[ﬁ—)8]=(m]xZMY 120 = 42 m.

Example 2.20. A pair of photographs was taken with an aerial camera from an
Wide of S000 m above m.s.d. The mean principal base measured is equal to 90 mm.
he difference in parallax berween two points is 1.48 mm. Find the difference in height
bween the two points if the elevation of the lower poirt is 500 m above datum
What will be the difference in elevation if the parallax difference is 15.5 mm ?
Solution

(@) Ap=148 mm. . ,

Since Ap is extremely small, A4 will also be small. Hence approximate formula

=63.75 mm

=79.69 mm

=120.09 m =120 m.

k. 2.4 (@)] can be used to calculate Ah.
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2 48 (mm) (4500)’ x 1.48
H—- Ry (5000 — 500)" x 1 = - —_C
Thus dh =t T dp = 90 (mm) x 5000 450000
= 66.60 m 2.41
For more precise calculations, we have, from E:? l :
H-Rap soopx 148 _UOW) x14
- A =
Ah=m‘4smﬂ.43+%‘5mﬂ 4500(1.48+|m]
=65.6 m.
® Ap=155 mm o
(H-hFAp (4500)’ x 15.5 - (4500)" % 155
Ah=m=ASOOx15.5+9U"5000 4500 (15.5 + 19
= 603.9 m.

2.28. MEASUREMENT OF PARALLAX : PARALLAX BAR

The principal poiat of one photograph can be n-amfem:d.to. the ad'jacent Photograpy,
by stereoscopic fusion. Thus the flight line joining the two principal points can be dray,
on the photograph. This flight line becomes the x-axis of the pholog_raph for the measuremey
of parallax. The y-axis is then drzwn through the principal point, and perpendiculer y
the r-axis. The x and x' co-ordinates of any point (of which parallax is desired) can b
measured with a line scale, and the parallax can be calculated by applying Eq. 2%

For greater refinement, the x-coordinates of the points can be found from a stereo-comparaty,
After identifying and trapsferring the principal points on the photographs, each photograph
is oriented in the comparator in turm so that flight line is paraliel to the x-axis of e
comparator. The x readings of the principal point and those of other points (whose paraliars
are required) are taken, a2nd the differences gives the x-coordinate of the point under consideration.
Another photograph is then oriented and X coordinate found, and the parallax calculaed
from Eq. 2.33. . . '

The difference of parallax is more commonly measured with the help of peall
bar.

Parallax Bar

A parallaw Lar, used to measure the parallax difference of two points, consist o
a bar proper which holds a fixed plate of transparent material (plastic or glass) near
left end and a movable plate 1o the right end (Fig. 2.55). Each plate contains 3 i
dot in is centre.

[ mE 7

¥

Micrometer
(0.01 mm)

Fixed | i Movable

FIG. 2.55. PARALLAX BAR
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The movable plate can be moved to the left or to the right by means of a micrometer
w which reads nearest 1o 0.01 mm, the total movement being about 25 mm. When
yse two dots are viewed properly under a stereoscope, they fuse into a single dot called
}Lﬂ’i"g mark. The .marks are made to fuse by maving the right hand mark either to
o left or 10 the right. After they have been fused, a slight movement of the movable
prk will give the viewer the impression that the floating mark is movinz up or dewn
dative to the stereoscopic image. As the right hand mark is moved towards the it one,
g floating mark appears to rise ; if it is moved to the right, the floating maik will
ar to fall. These effects are due to the fact that the movement to the lef: increases
4¢ parallax of the marks, whereas the movement to the right decreases the parallax of
s marks. Hence, if the floating mark is apparently placed on the ground at a known
devation, and the micrometer scale is read and is then moved to another point of unkmown
Jevation, and the micrometer is turned until the floating mark again apparently rests on
e ground surface, the difference in the two micrometer readings is a measure of
3p from which the difference in elevation can be calculated. This is the principle of the
parallax _bar. ; -
Fig. 2.56 illustrates the principle of a parallax bar. On the left photograph. k is
is principal point and k' is the conjugate principal point transferred from the rext photograph.
Smilarly on the right hand photograph, k' is its principal point and k is the conjugate
pincipal point transferred from the left photograph. Thus, kk' is the flizit line on both
fie photographs. To orient them for stereoscopic observation. a fine straight line is drawn
o a sheet of heavy drafting paper and the left hand photograph is placed on it in such
1 way that flight line is in exact coincidence with the line on the paper. This can be
wsily done by the laying a straight edge
over the nhotograph and orienting it to

line and is so placed as to cause a separation
L between the principal point on one pho-
tograph and to corresponding position on
tie other photograph. The two photographs
e then fused under a stereoscope (Fig.
248) and set so that their positions may
Wt be altered,

Let it be required to measure the
Parallax difference between two points A
id C whose images appear on both the
meslaphs at (a, ¢) and (a'.c) respec-
Uely. The left mark of the parallax bar
S placed over g and the parallax bar

o

-

%

e ———
;

e

<

R

..<0‘

o

n
15

xz

v
KYieimimrmm e

o ] S

o
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FIG. 2.56. PRINCIPLE OF A PARALLAX BAR

the line, 7™ separation of the two marks

of the parallax bar is set to a distance

L (measured within 1/2 mm), in such | L SN ¢ WO U SRS S—
1 way that it reads approximately the ) ’ og l’:ﬂ:‘

niddle reading. The right hand photograph ' i

& then oriented by means of the flight e e
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is so oriented that it is parallel to the flight linc. Move the right mark and my,

. ing. Shi
fused dot to touch the ground point. Take the micrometer feﬂ‘::“i;o u':;? ::: 2: bodily,
put the left mark over the image ¢ and move the ‘ngh:mmtlld_ﬂere“cc betwee: o
again rests on the ground. Note the micrometer reading. The di €en the tw
readings gives the value Ap. - :
Thus in Fig. 2.56 when point a is fused, F ) L.
and the point is higher as is clear from the fwo infersecting rays Ofvl antfi O'ad in g,
lower part of the diagram. Similarly, when ¢ is fused, .(hc scparation 00 the  marg i
increased, and the point is lower as is clear from the tWo intersecting rays _CC and ¢'¢¢
The difference in elevation is then found by Equation 2.41, iLe.
__(H-m'Ap
(H-hAp+bmH

—~

U]

the separation of the marks jg lessy

AH (241

where b_ is the mean principal base.

2.29. RECTIFICATION AND ENLARGEMENT OF PHOTOGRAPHS

Rectifiction is the process of rephotographing an aerial photograph so that the effecy
of tilt are eliminated. The rectification of tilied photograph taken from a given exposupe
station in space transforms the photograph into an equivalent vertical photograph taken frog
the same exposure station. Often the equivalent vertical photograph is enlarged or reducef
as part of the process.

Fig. 2.57 (a) shows a photograph of an area taken with air camera vertical, T
intersecring roads appear on the photo in their true positions. Fig. 2.57 (b) shows te
distorted appearence of the roads on a tited
photograph. Fig. 2.57 (c) shows the appearance
of a rectified print. The roads are restored
to their wue shzpe, though the print is no
longer square.

If the photograph is to be magnified, +—
* the principal distance of the photograph is changed
so that the followinz equation is satisfied : :'

1

p=mf ...(2.47)
p = principal distance of the rectified

where
photograph
[ = focal length of the camera lens;
m = magnification factor,
If m is greater than umity, it denotes ef——
enlargement while if it is Jess than unity, it ] [h

T )
1 r

(a) Vertical photograph

JJL

¥

(b) Tilted photogrdh

denotes an actual reduction of the photograph,

" Various photographs are taken at different ]
heights due to imperfect control in maintaining U "
the zircraft perfectly at one altitude. The purpose (c) Rectified print

of magnification is to bring these to the same
FIG. 2.57. RECTIFICATION OF TILTED
. PHOTOGRAPHS.

ke g,
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scale ar a particular elevation—
cither at the datum elevation or
(he average clevation of the terrain.
Fig. 2.58 shows a photograph
with a tilt £ at the exposure station
0 and flying height &. The negative
and the photograph are parallel to
each other. The rectified enlarge-
ment b’ k' @' is inclined at an angle
¢ with the negative, and its principal
distance is p = mf. The horizontal
plane of the rectified photograph
is known as the easel plane. Tt
is to be noted that for the rectified
enlargement of the photograph, the
negative should be placed at a dis-
tance f from the lens. The lens
will project the images from the
negative in the proper direction,
but since the distance from the lens
to the negative is equal to the focal
length of the lens, the projected =
bundles of the rays will be parallel
to one another and they would never
come to focus the enlargement plane.
This is shown in Fig. 2.59 (@). This gives the condition that the entire negative must
be placed behind the focal plane of the lens used in the rectifier.
Scheimpflug Condition
As discussed in the previous paragraph if the negative plane is placed at the focal
plane of the lens, the image cannot be focused. This is illustrated in Fiz. 2.59 (a). If,
however, the negative plane is placed beyond the focal plane, at a distance g from the
lens and r is the corresponding position of the enlargement, the following two conditions
are 10 be satisfied simultaneously : ,
’ l+l=-l— and
) q r F .
where F is the focal length of the lens of the rectifier and m is the magnification.
The relationships stated above are for a vertical photograph. However, these apply
also for a tilted photograph. These conditions are shown in Fig. .2.59 (c){. x and X' are
the conjugate distances for the -point @, while y and y' are conjugate distances for the
point b. Hence, we have '

1.1 1
xT¥"F

Daturn

FIG. 2.58. RECTIFICATION AND ENLARGEMENT

r= mq ae (2.48)

|-

and

|-
< |-
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(c) Scheimpfiug condition

FIG. 2.59. .

The ncg_at.'rvc plans makes an angle a with the lens plane, and the easel plane makes
an anglc B w.x:h the lens plane. It is to be noted that all the three planes intersect along
ope line. Tkis is an important condition known as Scheimpflug condition.

The Scheimpflug condirion, which must exist in order to

; , produce sharp focus between
the negative plane and the easel plane when these planes are not parallel, states that the
negam;; plane. the plane of ihe lens, and the easel plane must intersect along one line.

order 1o allow for a continuous range of tilt angles ificati
‘ llo and magnification , there
are in peneral, five independent elements necessary for rectification. ﬁse are :

(1) Variation of the projection distance, '

(2) Tilt pf the plane of projection about a horizontal axis

3) - Rmn of the negative in its own plane (swing) '

(3)  Displacement of the negative in its own plane verical to tilt axis

(5) Displacement of negative in its own plane parallel o rilt axis ‘

An awtomatic reclifier is a rectifier so constructed that j . intains
rc]znonsh'lp between lhc object distance and the image distance l:;uz::na n:':a :;L cmt‘:mc ﬁﬂﬁ]d::
the Scheimpflug condition. Fig. 2.60 shows the Wild E4 rectiﬁer—én.larger introduced &

\

pllOTOGRAMMETRIC SURVEYING 5§

the 1964 Congress of Photogrammetry in Lisbon. The lens equation is automatically fulfilled
py a cam Ve a".d the Scheimpflug condition is automatically fulfilled by an electronic
smulator. Both cam inversor and electronic simulator are equipped with synchro systems.
The instrument hﬂs_eﬂlafgemem ratios over a range from 0.8 X to 7 X and can be used
for a largest: negative size of 23cm x 23 cm (9" x 97). For further operational details, the
reader is advised to sec pamphlet P-1.302 e issued by M/s Wild Heerbrugg Lud.
2.30. MOSACIS

Vertical photographs look so much like the ground that a set can be firted together
o form a maplike photograph of the ground. Such an assembly or geming of a series
of overlapping photographs is called a mosaic. To a varying degree of accuracy, a mMosaic
is a map substitute. The mosaic has an over-all average scale comparable (o the scale
of a planimetric map.

Since they are taken at slightly varying altitudes and they comtain ='t.
do not fit each other very well. It is best to rephotograph them be™ =y
to bring them to desired scale and to eliminate some of the it

A controlled mosaic is obtained when the photographs are carerully as:embled so
that the horizontal control points agree with their previously plotted positions. Making controlled
mosaics is an art. A mosaic which is assembled without regard to any ploted control
is called an wuncontrolled mosaic. ’

. The photographs are laid in such a sequence as to allow photo number and flight
pumber of each photograph to appear on the finished assembly. This assembly is called
an index mosaic. An index mosaic is a form of uncontrolled mosaic. A mosaic  which
is assembled from a single strip of photograph is called a strip mosaic.

The photographs used for preparing mosaics may consist of direct contact prints, of
prints which have all been raticed to a given damum scale in an enlarger, or of prints
which have been fully rectified and ratioed in a rectifier.

A mosaic differs from a map in the following respecs -

(1) A mosaic is composed of a series of perspective of the area, whereas a map
is single orthographic projection.

(2) A mosaic contains local relief displacements, tilt distortions and non uniform scales,
whiles a map shows the correct horizontal positions at a uniform scale.

(3) Various features appear as realistic photographic images on a mosaic, whereas
they are portrayed by standard symbols on a map.

2.31. STEREOSCOPIC PLOTTING INSTRUMENTS

nstrument is an optical instrument of high precision in which
f photographs at the instant of exposure is recopstructed.
from the two photographs are projected and caused
m a theoretically perfect model of the terrain. A
measured mark, visible to the operator is used to measure the stereoscopic model in all
three dimensions. The horizontal movement of the measuringA .mark_throu'ghom the mode!
is transmitted to a plotting pencil, which traces out the map position of the feamres appearing

in the overlap area of two photographs forming the model.

they often
are u.sed

A stereoscopic plotting i
the spatial relationship of a pair 0
!n such, an instrument, the rays
intersect in its measuring space to fo
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A stereoscopic plotting instrument has four general components '

(1) a projection system : (2) a viewing system

(3) a measuring system 4 a2 tncingl system.

It is beyond the scope of the present book to illustrate fully the mw'fy and Working
of the various plotting machines. However a brief description of the multiplex plotter jg
given below.

The Multiplex Plotter .

The multiplex is probably the most widely used of amy [ype of F"f’m“g ‘machine,
The equipment includes a reduction printer, a set of projectors mounted in series on 5
horizontal bar and a tracing table which provides both a floating mark and a tracing pencij
to draw the map. -The reduction printer produces reduced pictures on small glass plates,
The 23 cm x 23 cm (or 9" x 97) size is thus reduced to a size 4cm x4 cm on the glags

plates called diapositives.

Fig. 2.61 shows a pair of multiplex projectors forming a stereoscopic model. Each
projector consists of a light source, a plate holder for the diapositive plate, and a lens
which transmits the rays coming from the diapositive plate into the open space below the
projector, The spatial model is obtained by projecting one photograph of an overlapping
pair in red light and the other in blue-green light, and by observing the combination of
colours through spectacles containing one red and one blue-green lens. This model, in fact,
bas three dimensions, and is not to be considered as virtual stereoscopic image as seen
in a simple stereoscope. This method of viewing is called the amaglyph system of viewing
reflected light and fulfills the condition of stereoscopic 'viewing.

Provision is made to move each of the projector in the directions of the X,¥.Z
co-ordinate axes, and also fo rotate the projecior abow each of these axes, The X-motion
is parallel to the supporting bar, the Y-motion is perpendicular to the supporting bar and
in the horizontal direction, while the Z-motion is perpendicular to the supporting bar and

in the vertical direction. These six motions of each projector, independent of the others, -

mazke it possible to orient each projector in exactly in the same relation to the control
points on the drawing table below, which the camera in the air had to the same cofresponding
actual ground points. .

The tracing table contains a circular white disc with a pinhole in its centre. A light
bulb below the disc provides a small pin point of light. This illuminated pin point is
visible from the projectors and forms the measuring mark or floating mark in the spatial
model. The disc can be raised or lowered so that the floating mark rests on the ground
of the mgdcl_ The tracing pencil point vertically below the floating mark gives position
of the point on the map sheet. The tracing pencil traces pencil traces on the plotting
sheet the horizontal movements of the floating mark. The disc. js raised or lowered by
means of a screw on the centre post at the back of the tracing stand. On the left post
of the tracing stand is a millimetre scale on which is read the hcight‘of the disc above
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To tracc a specific contour line on the map sheet, the disc is raised or lowered
to give the correct reading (recorded in mm on the scale) corresponding to the desired
elevation of ﬂ'lc" contour line. The operator moves the tracing table (with the pencil in
the raised position) until the measuring mark comes into apparent contact with the model
surface, and the::n lowers the pencil on the map sheet. By cxamining the stereoscopic view
of the model slightly ahead of the measuring mark, the tracing table is moved in such
a direction as to keep the measuring mark .in contact with the surface of the model at

all times. The line traced by pencil below the floating mark is the contour line since

. the floating mark was moving at-a fixed elevation. When one contour line has been traced,

the disc can be set to another height and the next contour can be traced in 4 similar
manner. : 3

The actual apparatus consists of a series of projectors (and not only twu) mounted
oh a horizontal bar. The filters of the projectors are alternately red and blue-green. When
the first true mod;l has been placed in position, by viewing through the 15t two projectors
and orienting them- properly, the second true model is established b diasting the third
projector. The orientation and adjustments are done by means of grourd wnirol points plotted
on the drawing table. Thus each ‘of the successive projectors can be criznted. This procedure
is called aerial triangulation or bridging and is extended till other ground control appears.
The proper adjustments are made throughout the series of projectors before drawinz of

the map is begun.
PROBLEMS

.

1. Define the following :
(f) Air base, () Tilt displacement.
(iif) Principal point. (iv) Isocentre. (v) Isometric parallel.

i Describe with sketches the field work of a survey with phototheodolite. Explain how you would

plot the survey. i
. What is tilt distortion 7 Prove that, in a tilted photograph, tilt distortion is radial from the isocentre.

4. Describe the various steps involved in the combination of vertical air photegraphs by the principal
point radial tine method.

5. Vertical photographs were taken from height of* 3048 m, the focal length of the camera lens being
15.24 cm, If the prints were 22.86x22.86 cm and the overlap 60%, what was the length of
the air base 7 What would be the scale of the print ? ®R.U)

6. ‘a) Derive the parallax equation for determining heights from a pair of verical photographs.

'}) Two ground points A and B appear on 2 pair of overlapping photographs which have been

taken from a height of 3650 m above mean sea-level. The base lines as measured on the
two photographs arc §9.5 mm and 90.5 mm respectively. The mean parallax bar readings
for A and B are 29.32 mm and 30.82 mm. If the elevation of A above.mean sea-level

is 230.35 m, compute the eclevation of B. .
Two objects A and B whose elevations are 500 m and 1500 m respectively above mean sea-level

xe photographed from cerain height with the axis of the camera vertical. The coordinates expressed
il mm of the corresponding photo-images a and b are: .

Point x co-ordinate ¥ co-ordinate
a + 200 + 150
b -320 -_3(1) .
Tie focal length =200 mm and length AB=44227 m. Find the height of the camera sauon
R.U)

1
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from the plumb poin,
fa) Prove that on a tilied photograph height displaccments are ::lmpymog;’aph.
() Dermve an expresson for the beight displacemenss i 2 ‘ﬂ;w end overlap and side overlap
{4) Explain wih reference o aerial photographs, what is meant B3 .
and why they are provided 7 g ver a gIVeN arca in g
(#) How do you determine the pumber of photographs pocessany adia : . -
acria! suney ? )
Wne 2 nxte on radial lioe method of plodting

Wniz shon notes ca the following )
(¢) Stereoscopic vision. (5) Mirror sereoscope. (¢) Crab and drift.
Descrive, wih the belp of nest skech a photo-theodolite.

(@) Parallax bar.

(c) Explain bow do you determime the focal leagth of the camera qus 'ofl.a. pah:m:;?;ume'

(#) The disance from two poins on a phowographic print 10 the principd "Led g mm

" &t 1o% and 3515 mm 1 the right. The angle between the paints measured Wilh 2 transn

5 30°45. Det=rmune the focal length of the lens. )

(€) How do you dmermine the scale of an aerial phoograph ? What do you undersiand by the

t=rms ‘danem scale’ and Caverage sale’ ? .

A liz PQ 2100 m long. lying at an elevation of 4(

Ifmfazllm;c‘:o!c;clmulimdcmmmem:sﬂc

average eievation which is 600 . )
i i j -level. It

A line AB lies on 3 izmain kaving an average clevation of 4‘1) m above mean sca

appears 1o he £72 cm on a phowograph for which focal length is 24 cm. The same line measures

200 = measures 10.08 cm on a vertical photograph.
of the photograph in an area, the

1
2,15=m:m;\uh::hisma§l=ofm.

Caiculate the flying altrnde of the zircraft, above sea level. when the photograph was taken,

" An chiect has an elevation of 400 m 2bove mean sea-level. The distance from the principal point

: 1
w the mg:ofnta:poimontb:pmgrmhisaz.séun_Ifl.bedmmm!els—lzomand focal
length of the camena is 24 cm, determine the  relief displacement of the poinr.
A towsr AB is 40 m high, and the clevation of ns bottom B is 800 m- above mcan sez-level.
The disarce of the image of the wwer on 2 vemical phbotograph, taken at a flight altinide of
1800 m above mean sez-level, is 842 cm. Compue the displacemem of the image of the twp
of the tower with respect w0 the image of its bouom.
A tower, lying on a flat are2 having 25 averzze elevation of 800 m above mean sea-leved, was
photographed w2 camerz Eavisg 2 focal length of 24 cm. The distance between the images
of wp and bouom of the tower mezsurss 0.34 cm on the photograph. A line AB, 200 n long
cp&gzmnﬂ.m)llmonmemphowgnph. Determine the height of the tower
i te dsznce of the imzge of the p of the tower is 8.92 em from the principal [oint.
Tre scale of an aerial photograph is 1 cm =160 m, and the size of the photogr aph is
20 em » 20 cm. If the longaudica] lzp is 65% and side lap = 35%, determine the number of phot ographs
required W cover an area of 232 sq. im, '

ANSWERS .
1
18228 m ; % 6. 2354] m.
18030 m. 12.(46) 1463% m,
| cm =200 m 15. 2800 m.
0-€75 cm. 17. 034 ¢m
&) m. 19. 100,

1

Electro-Magnetic Distance
Measurement (EDM)

3.1. INTRODUCTION

There are three methods of measuring distance between any
1. Direct distance measurement (DDM), such 2s the ome by chaining or taping.

2. Optical distance measuremen: (ODM), such 2s the one by tacheometry, horizontal
subtense method or telemetric method using optical wedgs arachrments.

3. Electro-magnetic distance measurersent (EDM) such as the cne by geodimeter,
tellurometer or distomar etc,
The method of direct distance measurement is unsuitable in difficult terrain, and some

two given points

times impossible when obstructions occur. The problem was overcome after the development
of optical distance measuring methods. But in ODM methed also, the range is limited
to 150 to 150 m and the accuracy obtained is 1 in 1000 to 1 in 10000 Electromagnetic
distance measurement (EDM) enables the accuracies upto 1 in 10°, over ranges upto 100 km.

EDM is a general term embracing the measurement of distance using electronic methods,

In electro-magnetic (or electronic) method, distances are measured with instrumsnts that rely
on propagation, reflection and subsequent reception of either radio, visible light or infra-red
waves. There are in excess of fifty different EDM systems available. However, we will

discuss here the following instruments :

3.2

(1)  Geodimeter (i)  Tellurometer (fif) Distomats.

ELECTROMAGNETIC WAVES
The EDM method is based on generation, propazation, reflsction and subsequent reception

of electromagnetic waves. The type of elecromagnetic wavés generated depends on many
factors but principally, on the nature of the electrical signal used to generats the waves.
The evolution and use of radar in the 1939-45 war resulted in the applicarion of radio
waves to surveying. However, this was suiable only for defence purposes, since it could
not give the requisite accuracy for geodetic surveying. E. Bergestrand of the Swedish Geographical
Survey, in collaboration with the manufacturers, Messrs AGA of Sweden, developed a method
based on the propagation of modulated light waves using instrument called geodimerer Another
instrument, called telfuromerer was developed, using radio waves. Modern short and mediom

(el 1)}
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range EDM instruments (such as Distomats) commonly used in surveying use modulateq
infra-red waves. ‘
Properties of electromagnetic waves .
Electromagneric waves, though extremely complex in nature, can }36 ‘rcprcsentcd- fn
the form of periodic sinusoidal waves shown in Fig. 3.1. It has 'he_ fol owngperemes;
1. The waves completes a cycle in moving from identical points A to E or B to
F or D w H. B F  sinusoidal
2. The number of times the wave com- wave
pletes a cycle in one second is termed as
Jrequency of the wave. The frequency is rep- A C 3
resented by f hertz (Hz) where 1 herz (Hz)
is one cycle per second. Thus, if the frequency
fis equal to 10’ Hz, it means that the waves 5
completes 10° cycles per second. One wave length
3. The length traversed in one cycle : orcycls

by the wave is termed as wave length and FIG 3.1 PERIODIC SINUSOIDAL WAVES.
is denoted by A (metres). Thus the wave

length of 2 wave is the distance between two identical points (such as A and E or B
and F) on the wave.

4. The period is the time taken by the wave to travel through one cycle or one
wavelength. It is represented by T seconds.

5. The velocity (v) of the wave is the distance travelled by in one second.

The frequency, webelength and period can all vary according to the wave producing
source. However, the velocity v of an electromagnetic wave depends upon the medium
through which it is travelling. The velocity of wave in a vacuum is termed as speed of
light, denoted by symbol ¢, the value of which is presently known to be 299792.5 km/s.
For simple calculations, it may be assumed to be 3 » 10° mJs.

The above properties of an elecromagnetic wave can be represented by the relation,
1
f=5=7 7 .(3.1)
Another property of the wave, known as phase of the wave, 2nd denoted by symbol
©, i3 a very convenient method of identifying fraction of a wavelength or cycle, in EDM.
One cycle or wave-length has a phase ranging from 0° to 360°. Various points A, B,
C etc. of Fig. 3.1 has the following phase values :

G

RIS

Point —» A B C D E F G H V
Phasé 4° 0 90 180 270 360 90 180 270
(or 0) . '

Fig. 3.2 gives the electromagnetic spectrum. The
known by its wavelength or its frequency. However, all these 1
equal o 3 » 10" m/s.

type of electromagnetic wave is
. ] ravel with a velogity approximately
This velocity forms the basis of all electromagnetic measurements.

£ ECTRO-MAGNETIC DISTANCE MEASUREMENT (EDM) 0l
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FIG. 3.2 ELECTROMAGNETIC SPECTRUM.

. Measurement of transit’ times

Fig. 3.3 (a) shows a survey line AB, the length D of which is to be measured
using EDM equipment placed at ends 4 and B. Let a transmitter be placed at A to propagate
elecromagnetic waves towards B, and let a receiver be placed at B, along with a timer.
If the timer at B staris at the instant of transmission of wave from A, and stops at the

instant of reception of incoming wave at B, the fransit time for the wave from A and
B in-known. _

(a)

VAAVALVARES

- II N I‘ N '
T\ U U |
D N

N ',' D
FIG. 3.3. MEASUREMENT OF TRANSIT TIME.

From this transit time, and from the known velocity of propagation of the wave,
the distance D between A and B can be easily computed. However, this transit time is
of Ath'e order of 1x 10°®s which requires very advanced electronics. Also it is extremely
difficult to start the timer at B when the wave is transmitted at A. Hence a reflector
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s placed & B inseead of a receiver, This reflector reflects the waves back towangs
where they are received (Fig. 3.3 ()], Thus the equipment at A acts both as a (_n"s‘nittq'
as well a5 receiver. The double fransit fime can be easily measured at A This will requy,
EDM timing devices with an accuracy of *1x107s

Phase Comparison ’

Generally. the various commercial EDM systems available do pol measure the trang
time direcdy. Instead, the distance is determined by measuring the phase difference betweey
the transmited and reflected signals. This phase difference can be expressed s fracgq,
of a2 oycle which can be converted into units of tme when the frequency of wave j

koown. Modemm techriques can easily measure upto .l(_‘llﬁ part of a wavelength.

In Fig. 3.3 (b), the wave mansmitted from A towards B is instantly reflected froq

B towards A, and is then received at 4, as shown by dotied lines. The same sequence
is shown in Fig. 3.3 (¢) by opsning out-the wave, wherein A and A’ are the same
The distance covered by the wave is

2D =k + AX

d =distance betwesn 4 and B

7. = wavelength

n=whole number of wavelengths travelled by the wave

A). = fraction of wavelength travelled by the wave.
The mezsurememt of component AX is known as phase comparison which can be
achieved by electrical phase detectors.

(2

whzre

Let ¢: = phase of the wave as it is transmitted at A
©; = phase of the wave as it is received at A’
. hase difference in degrees (92— 9))°
Then £r . cicdh 41
A 360° xA or AL 360° xlr ...(3.3)‘

The determination of other component n) of eq:ion 3.2 is referred 10 as resolving
the ambiguity of the phase comparison, and this can be achieved by any one of the following
methods. )

(1) by increasing the wavelength manually in multiples of 10, so that a coarse measurement
of D is made, enzbling n to be deduced. , ; 2
(if) by measuring the line AB using three different (but closely related) wavelengths,
so as to form three simultaneous equations of the form
ZD=H| ‘L|+A7L| N 2D=nzlz+A11 M 2D=ﬂ];\.3+A7L3

The solution of these may give the value of D.

In the latest EDM equipment, this problem is solved automatically, and the distance
D is displayed. -

For example, let 2 for the wave of Fig. 3.3 (c) be 20 m
n=46, g, =0°and ¢, = 180°,

From the diagram,

% W=nkh+Aak=ni+ BN
n 360° x A

AGNETIC DISTANCE MEASUREM
L ECTROM REMENT (EDM) m

20=(6x20)+_1M!-,0
360 N
D=65 m.
This measurement of distance by EDM is analogous to the measurement of AB by
Ong' wherein
D=ml+4al
I=length of tape =20 m (say)

m=whole No. of tapes =3
Al=remaining length of the tape in the end bay

_Hence the recording in the case of taping will be D=3m=x20+5=65 m.
13. MODULATION

As stated above, EDM measurements involve the measurement of fraction A% of the
cycle. Modern phase comparison techniques are capable of resolving to better than

where

! part of a wavelength. Assume + 10 mm to be the accuracy requirement for surveying

-

equipment, this must represent lTlO() of the measuring wavelength. This means that
1=10x 1000 mm = 10 m, which is a maximum value. However, by use of modem circuitory,
L can be increased to 40 m, which cdrresponds t0-f=7.5x10° Hz. Thus, the lowest
value of f that can be used is 7.5 x 10° Hz. At present, the range of frequencies that
can' be used in the measuring process is limited to approximately 7.5 x 10°to 5 x 10° Hz.

AVAVAVARRAVAVAVA

il ey
lﬂﬂlu%ﬂ

FIG. 3.4. MODULATION

In order to increase the ac-
curacy, it is desirable to use an
extremely high frequency of propa-
gation. However, the available phase \
comparison techniques cannot be used
at frequencies pgreater than
5% 10° Hz which corresponds to a
wavelength A = 0.6 m. On the other
hand, the lower frequency value in
the range of 7.5 x 10°to 5 x 10° Hz
is not suitable for direct transmission
through atmosphere because of the
the effects of interference, - reflection, fading and scatter. -

The problem can be overcome by the technique of modulation wherei{\ the measuring
Wave used for phase comparison is superimposed on 2 carrier wave of much higher frequency.
EDM uses two methods of modulating .the carrier wave :

(@) Amplitude modulation. (b) Frequency modulation. . )

In amplitude modulation, the carrier wave has constint freguency and the @odulanng
Wave (the ‘measuring wave) information is conveyed by the ampht‘ude of th.e carrier waves.
I the Jrequency modulation, the carrier wave has constant amplitude, while its frequency
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varies in proportion to the amplitudé of the modulating Wave. Frequency. modulatiop ;
used in all microwave EDM instruments while amplitude modulation is done in visible jigy
instruments  and infrared instruments using higher carrier frequencies.
3.4. TYPES OF EDM INSTRUMENTS

epending upon the type of carrier wave employed. EDM 1
under the following three heads

(@) Microwave instruments

(b) Visible light instruments

(¢) Infrared instruments.

For the corresponding frequencies of carrier waves,
3.2, It is scen that all the above three categories of EDM instruments use short - wavelengty

nstruments can bc‘dassiﬁed

reader may refer. back to Fig.

and hence higher frequencies.

1. Microwave instruments .

These instruments come under the category of long range instruments, where in (e
carrier frequencies of the range of 3 to 30 GHz (I GHz= 10%) enable distance measurements
upto 100 km range. Tellurometer come under this category. .

Phase comparison technique is used for distance measurement. This necessitates the
erection of some form of reflecror at the remote end of the line. If passive reflector
is placed at the other end, a weak signal would be available for phase comparison. Hence
an electronic signal is required to be erected at the reflecting end of the line. This instrumen,
known as remore instrumen: is identical to the master instrument placed at the measuring
end. The remote instrument receives the transmitted signal, amplifiés it and transmits it
back to the master in exactly the phase at which it was received. This means that microwave
EDM instruments require two- instruments and two operators. Frequency modulation is used
‘in most of the microwave instruments. The method of varying the measuring wavelength
in muitiplies of 10 is used to obtain an unambiguious measurement of distance. The microwave
signale are radiated from small aeriels (called dipoles) mounted in front of cach instrument,
producing directional signal with 2 beam of width varying from 2° to 20°. Hence the
alignment of master and remote umits is pot critical. Typical maximum ranges for microwave
instruments are from 30 o &0 km, with an accuracy of +15 mmto + 5 mm/kn.

2. Visible light instruments
These instruments use visible light as
carrier wave, with a higher frequency, of the
order of 5 x 10" Hz. Since the transmitting
power of carrier wave of such high frequency
falls off rapidly with the distance, the range
of such EDM instruments is lesser than those
of microwave units. A geodimeter comes under
this cartegory of EDM instruments.
The carrier, transmitted as light beam,
is concentrared on a signal using lens or mirror
system, so that signal loss does not take place.

Prism mounted

Glass cube n houeing

~ Cornet cube prism
consvruclion

Rellected ray emerges
paraflel to incidert 12¥

FIG  3.5. CORNER CUBE PRISM

E'_EmuyM/\GNm'rc DISTANCE MEASUREMENT (EDM) 2
since the beam divergence |s‘lcss than 17, accurate alignment of the instrument is necessary
omer-cube prisms, shown in Fig. 3.5 are useq as reflectors at the remote end TheSt;
sms are constructed from the corners of glass cubes which have been cut aw:;y in a
jane making an angle of 45° with the faces of the cube.

The light wave, directed into the cut-face is reflected by highly silvered inner surfaces
of the prism, resulting in the reflection of the light beam along a parallel path. This is
obtainable over a range of angles of incidence of about 20° to the normal of the front
face of the prism. Hence the aligment of the reflecting prism towards the main EDM instrument
ot the receiver (or transmitting) end is not critical.

The advantage of visible light EDM instruments, over the microwave EDM instruments
js that only ome instrument is required, which work in conjunction with the inexpensive
comer cube reflector. Amplitude modulation is employed, using a form of electro-optical
shutter. The line is measured using three’ different wavelengths, using the same carrier in
each case. The EDM instrument in this category have a range of 25 km, with an accuracy
of +10 mm to +2 mm/km. The recent instruments use pulsed light sources and highly
specialised modulation and phase comparison techniques, and produce a very high degree
of accuracy of +0.2 mm to +1 mm/km with a range of 2 to 3 km.

3. Infrared instruments

The EDM instruments in this group use near infrared radiation band of wavelength
sbout 0.9 p m as carrier wave which is easily obtained from gallium arsenide (Ga As) infrared
emitting diode. These diodes can be very easily directly amplitude modulaied at high frequencies.
Thus, modulated carrier wave is obtained by an inexpensive method. Due to this reason,
there is predominance of infrared instruments in EDM. Wild Distomats fall under this category
of EDM instruments,

The power output of the diodes is low. Hence the range of these instruments is
limited to 2 to 5 km. However, this range is quite sufficient for most of the civil engineering
works. The EDM instruments of this category are very light and compact. and these can
be theodolite mounted. This enables angles and distances to be measured simultaneously
it the site. A typical combination is Wild DI 1000 infra-red EDM  with Wi{d T 1.0_00
electronic theodolite (“Theomat’). The accuracy obtainable is of the order of + 10 mm, irrespective

of the distance in most cases.

The carrier wavelength in
infrared source” can be transmitted in a similar manner t th
geometric optics, a lens/mirror system being used to radiate 2
angular divergence of less than 15'. Comner cube prisms are Us

Teflect the signal. _ o
Electronic tacheometer, such as Wild TC 2000 ‘Tacl:nymat is a.further devclopmc.mr

of the infrared (and laser) distance measurer, which compnnes theodolite and EDM units.
icroprocessor controlled angle measurement give Very high degree of accuracy, ena-b‘h;;g
horizonta] and vertical angles, and the distances (horizontal, vertical, inclined) to be automatically

displaced and recorded.

this group is close to the visible light spectrum. Hence
e visible light system using

highly collimated beam of
ed at the remote end, tO
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3.5, THE GEODIMETER
\ nlated okt waves, was dc\eloN by

The method., basad on the propagadoed of mad faboration with the manus
. -y O mrgx
E Berpestrand of the Swedish Geographical Suney i & : e,

M's AGA of Swaden. Of the several madels 2 kS
of the pendimeter maoufacured by tem. = \ To reflector
model 2-A czn be usad only for observanons L_,, ;[_1 | > -
made at might while madel2 can be usad
for Lmmad day ome observadoas
Fig 3.6 showx the schemane diagram 7
of the poodmerer. Fig. 3.7 shows the pho- :'_;jj'—
tograph of the from panel of madel4 geadi-
meer moumsd oz the mipad. The mal 8
instemenr s statoned & one end of oe E 5
lme (o be mezsured) with its hack facing s@ 4!
the other end of the hime, wiyle 3 refiector .
(consstng either of 2 spherical miTor of CF— A >
2 refiex prism sysem) i placed 2t the : ',4‘ From reflectar
other end of the Ime. ',’—o—-
The light fom e momdesemt lamp L etlrp 5-Varabie electrical delay unt
(1) = focused by mezns of 2o schromene '\ o 6. Null indicator
conderser 2nd passed through 2 Kerr cell 3 Neofsprsms 7. Crystal controlied escillator
£ Prob tbe 8. Vanable light czlay unit.

(21, The Kerr cell comsist of two closely
spaced conductmg plates, the a0t DA o0 3¢ SCHEMATIC DIAGRAM OF THE GEODIMETER
which is fillad with nirobenzens. When

high \olng:is.:ppliﬁwrh:p!zz:safmecd]andaﬂyoflighli_sfocusedonit.
e ray i splu o rwo perts, ecach moving with different velocity. Two Nicol's prisms
(3) are placed oo either side of the Kerr cell. The light leaving the first Nicol's prisms
is plane polarised The light is split imo rwo (having 2 phase difference) by the Kem
ceil Om leaving the Kerr cell, the lipht is recombined. However, because of phase difference,
the resulting beazm is elliptically polarised. Diverging light from the second polariser can
be focused to 2 parallsl beam by the transmitter objective, and can then be reflected from
a2 murror lens to @ large spherical concave mirror. .

On the other end of te line being measured is put a reflex prism system or 2
sphenical muror, which reflects the beam of light back 1o the geodimeter. The receiver
sysemmm of the geodimeter comsists of spherical concave mirror, mirror lens and receiver
objective. The light of varizble imtensity afier reflection, impinges on the cathods of &€
phow wbe (4) In the phow wbe, the light photons impinge on the cathode causing 2
few prumary electrons 1o leave and wavel, sccelerated by a high frequency voltage, © the
first dynode, where i sscondary emission tzkes place. This is repeated through 2 further
cight dynads The final elecuon current at the anode is some hundreds of thousand 1mes
grester than that a1 the cathode. The sensitivity of the photo rbe is varied by applyIo?
e logh frequency-Kerr cell voltege between the cathode and the first dynode. The Jow
frequency vibranoms are eliminsted by o series of electrical chokes and condensers: T
passages of thus modulating voitage through the instrumeny s delayed by means of an adjus!lt‘l‘

"3 Uystron and have superimposed on them a ¢

A FCTROM AGNETIC DISTANCE MEASUREMENT (FDur, "

aectrical delay unit (5). The difference between the photo tube currents during the positive
i Pegative l}'J‘ period is measured on the nulf indicator (6) which is a :-,\-.-:p—vn(‘
moving coil .mncnmmmctcr, lr! order to make both the pegative and positive cur“l'er:tdvr;'.-wew‘;z
cqual (i.e. in order to ob'mn null-point), the phase of the hizh frequency ‘.,;;,,E:. f;,,',,
e KerT cell must be adjusted +90° with tespect to the volage penerated b' kl‘vzht :
pe cathode. . - A

Thus, the light which is focused to 2 narrow beam from the geodimeter stationed
o one end O the reflector stationed at the other end of the line, is rs;?—:\-‘gd ‘h.xi; ©
te photo multiplier. The variation in the intensity of this reflected Nght cumsés the carrent
from the photo multiplier to vary where the current is already being varied by the direct
Sigml from the crystal controlled oscillater (7). The phase difference E?CY'-\CE!I [h: w0 pulses
received by the cell are a measure of the distance between geodimeter and the r:'ﬂt":!’\";
iie., length of the line). N

The distance can be measured ar different frequenciss. On Model-2A of the seodimerer.
dree frequencies are available. Model<4 has four frequencies. Four phase positions are available
on the phase position indicator. Changing phase indicates thar the polarity of the Xerr
cell terminals of high and low tension are reversed in mrn. The ‘fine” and ‘coarse’ delay
swiches control the setting of the electrical delay betwsen the Kerr cell and the photo
muldplier. The power required is obtained from a mobile gasolice gemerator. Model<4 has
s mght range of 15 meters to 15 km, a daylight range of 15 to 200 metrss and an

a

average error of = 10 mm * five millionth of the distance. It weighs about 38 kg without
the generator.
3.6. THE TELLUROMETER

In the Tellurometer, high frequency radio waves (or microwaves) are used intead
of light waves. It can be worked with a light weight 12 or 24 volt bamery. Hence the
insrument is highly portable. Observations can be taken both during day as well as mght,
while in the geodimeter, observations are rormally resticted in the night. However, o
such Tellurometres are required, onme to be sumtioned at each end of the line, with two
bighly skilled persons, to take observations. One instrument is used as the master ser or
control set while the other instrument is used as the remorz set or slave ser. In Model
MRA-2 (manufacrured by M/s. Cooke, Troughton and Sims Lud), each set can ether
be used as the master set or remote set by switching ar ‘master’ and ‘remote’ positions
respectively. Fig. 3.8 shows the photograph of Tellurometer (Model MRA-D).

Fig. 3.9 shows the block diagram of the Tellurometer, first designed by Mr. T.L.
Wadley of the South African Council for Sciemtific and Industrial Rescarch. Radio waves
are emitted by the master instrument at a frequency of 3000 Mc.s. (3 = 10’ c.p.s.) from
rystal controlled frequency of 10 Mes. The
Pigh frequency wave is wfmed as carrier wave. Waves at high frequencies can be propagatad
I straight line paths other than long distance much more readily. The low frequency wave
5 known as the pattern wave and is psed for making accurate measurcments. le light
frequency pattern wave s thus said to be frequency modulated (F.M.) by low frequency
Palern wave, This modulated signal is received at the remote station where a second klystron
Bénerating another carrier wave at 3033 Me.s. The difference between the two high
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Modutasor 75007 ;‘0"
A| 10.00 M cps o | 92999M§§; -4
B| 8.85Mcps 4—o 9.989 M cpg +a
C| 990Mcops 4+—o gg?g Meps -
O SoOMes 7—o Master Remote L 2P M| g

Klystron 3033 [ ————
Klystron 3000 | . » Meps
Mcps X X \

o

g I.LF, Amplifier L.F. Amplifiar «

° B 33 Mcps . 33 Mcps
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< FM. AM. AM. F.M.
Detector Detector Detector Detector
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Circle
- forming
cireuits Pulse
forming >
circuits

FIG. 3.9 BLOCK DIAGRAM OF THE TELLUROMETER SYSTEM.

frequencies, i.e. 3033 —3000=33 Mc.s. (known as imermediate frequency) is obtained by
an electrical ‘mixer’, and is used to providesufficient sensitivity in the internal detector
 circuits at each instrument. In addition to the carrier wave of 3033 Mc.s., a -crystal a
the remote station is generating 2 frequency of 9.999 Mc.s. This is heterodyned with the
incoming 10 Mc.s. to provide a 1 k c.p.s. signal. The 33 Mc.s. intermediate frequency
signal is amplitude modulated by 1 k c.p.s. signal. The amplitude modulated signal passes
to the zmplitude demodulator, which detects the 1 k c.p.s. frequency. At the pulse forming
circuit, a pulse with 2 repitition frequenicy of 1 k c.p.s. is obtained. This pulse is then
applied to the Hystron and frequercy modulates the signal emitted, i.e., 3033 Mc.s. modulated
bv 9.999 Mc.s. and pulse of 1 k c.p.s. This signal is. receivea ai the master station.
4 further compound heterodyne process takes place here also, whefe by the two carrier
frequencies subtract (o give rise to an intermediate frequency of 33 Mc.s. The two patierh
freguencies  of 10 and 9.999 Mc.s, also subtract to provide 1 k c.p.s reference frequency
as zmplitude modulation. The change in the phase between this and the remote 1 k C.p-5
sgnal is .a measure of the distance . The value of phase delay is expressed in time units
-a1 appear as a break in. a circular trace on the oscilloscope cathode ray tube. .
Four ‘low frequencies (A, B, C and D) of values 10.00, 9.99,9.90 and 9.00 Mc.ps
zre employed at the master station, and the values of phase delays corresponding o eac
of these are measured on the oscilloscope cathode ray tube. The phase delay of B,
and D are subtacted from A in mrn, The A values are termed as ‘fine readings’ 2
the B, €, D values as ‘coarse readings’. The oscilloscope scale is divided into 100 pa™™
The wavelength of 10 Mc.s. patern wave as approximately 100 fi, (30 m) and heo

»
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each division ;)f 1:1:3 SC'E'C ffL‘PfCStrmG 1 foot on the two-way Jjourney of the waves or approximately
0.5 foot on the ength of tne linc. The final readings of 4.4 - B. A — C and A - D readings
N . Al . " . - N » - !
are recorded 13 mI::l,mcr(: s'c(.ond., (10 .scconds) and are converted into distance readings’
by assuminsih 13:] e VefOC;:y of wave propagations as 299,792.5 km/sec. It should be
poted  that c Z.;:;:ess '0 the system depends on a property of the heterodyne process,
shat the phase difference between two heterodyne signal is maintained in the signal that
results from the mixing.

3.7. WILD ‘DISTOMATS’

Wild Heerbrugg manufacture EDM equipment under the trade name ‘Distomat’, having
e following popular models :

1. Distomat DI 1000 2. Distomat DI 5§ 3. Distomat DI 3000

4, Distomat DIOR 3002 5. Tachymat TC 2000 (Electronic tacheometer)

1. Distomate DI 1000

Wild Distomat DI 1000 is very small, compact EDM, particularly useful in building
construction, civil engineering construction, cadastral and detail survey, particularly in populat=d
areas where 99% of distance measurements are less than 500 m. It is an EDM that makes
the tape redundant. It has a range of 500 m to a single prism and 800 m to three prisms
(1000 m in favourable conditions), with an accuracy of S mm +35 ppm. It can be fitted
1o all Wild theodolites, such as T 2000, T 2000 S, T2 et '

The infra-red measuring beam is reflected by a prism at the other end of the line
In the five seconds that it takes, the DI 1000 adjusts the signal strength to optimum level,
makes 2048 measurements on two frequencies, carries out a full internal calibration. computes
and displays the result: In the tracking mode 0.3 second updates follow the initial 3- second
measurement'. The whole sequence is automatic. One has 1o simply point to the reflector,
touch a key and read the result,

~ The Wild modular system ensures full compatibility between theodolites and Distomats.

The DI 1000 fits T 1, T 16, and T 2 optical theodolites, as shown in Fig. 3.10 (a).
An optional key board can be used. It also combines with Wild T 1000 electronic theodolite
and the Wild T 2000 informatics theodolite to form fully electronic toral station [Fig. 3.10
()]. Measurements, reductions and calculations are carriad out automatically. ’I.Tle DI 1000
also connects to the GRE 3 data terminal [Fig. 3.10 (c)). If the GRE 3 is connected
to an electronic theodolite with DI 1000, all information is transferred .j.ud recorded at
the touch of a single key. The GRE can be programmed o carry out field checks and

computations. . :
When DI 1000 distomat is used separately, it can bc.controlled_ fror.n f’s »(\.\\«{1 Key
board, There are only threc keys on the DI 1000, each with three tuncn:m?.r'.b' ,\‘h-.‘,\\.r}
Fig. 3.11. Colour coding and a logical operating sequence ensure ‘mmv‘m‘a ll\.?.‘.’;.ll.‘ULn{rt‘L\
€8y to use. The keys control 2il the functions. Therf! are no me't;:lmh:u s';uc ;s‘ e
liquid-crystal display is unusually large for a mn:mzed -EDM-QI ~.ls;‘1r' ‘ :;zl.;?;:l: ,:r:
Presented clearly and unambiguously Wit appropriate symbols for :“l‘z;_ ;‘“"Z‘vb“:‘ 18 —

heighe and i In test mode, a full check 18 pro_w'ldcd of the _yn:p ay, battery p\
Sesing: out, S0 be activated to indicate return of signal.

d return sipnal strength. An audible tone can B : Fewamn,
Scale (ppm) aﬁd additivcg constant (mm) settings are displayed a¢ the start of each measurement
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Input of ppm takes care of any atmospheric correction, reduction to sea level and projeqyio,

scale factor. The mm input corrects for the prism type being used. The MICroprocessy,
permanently stores ppm and mm values and applies them fo every measurement, Display,q
heights are corrected for earth curvamre and mean refraction. .

DI 1000 is designed for use as the standard measuring ~f°°l in short range wor
A single prism reflector is sufficient for most tasks. For (lyccasmnal longcfr distance (uptg
800 m), a three prism reflector can be used. The power is fed from NiCd rechargeap,
batteries. :

2. Distomat DI 5S )

Wild DI 5S is a medium range infra-red EDM controlled by a small powerful microprocessor,
It is multipurpose EDM. The 2.5 km range to single prism covers all short-range requiremens;
detail, cadastral, engincering, topograhic survey, setting out, mining, tunnelling ete. Wiy,
itt 5 km range to 11 prisms, it is ideal for medium-range control survey : traversing,
trigonometrical heighting, photogrammetric control, breakdown of triangulation and GPS networks
etc. Finely tuned opto-electronics, a stable oscillator, and a microprocessor that continuously
evaluates the results, ensure the high measuring accuracy of 3 mm + 2 ppm ‘standard deviatiop
is standard measuring mode and 10m+2 ppm standard deviation in tracking measuring
mode. .
Fig. 3.12-shows the view of DI 5S. It has three control keys, each with three
functions. There are no mechanical switches. A powerful microprocessor controls the Df
5S. Simply touch the DIST key to measure, Signal attenuation is fully automatic, Typical
measuring time is 4 seconds. In tracking mode, the measurement repeats automatically every
second. A break in the measuring beam due 1o traffic etc., does not affect the accuracy.
A large, liquid<crystal display shows the measured distance clearly and unambiguously throughout
the entire measuring range of the instrumentr. Symbols indicate the displayed values. A
series of dashes shows the progress of the measuring cycle. A prism constant from
-99mmio+9 mm czn be input- for the prism type being used. Similarly, ppm values
from - 150 ppm o + 150 ppm can be input for automatic compensation for atmospheric
corditions, beight above sez level and projection scale factor. These values are stored unfil
replaced by new values. The microprocessor corrects every measurement automatically.

DI 55 can be also fined to Wild electronic theodolites T 1000 and T 2000 {Fig.
3.13 (?)} or w Wild optical theodolites T 1, T 16, T 2, [Fig. 3.13 (b)]. The infra-red
measaring beam s parallel 1o the live of signal. Only a single pointing is needed for
both angle and distance measurements. When fined to an optical theodolite, an optiond
key board [Fig. 3.13 (5] covent it 1o efficient low cost effective total station. The followid
Parumeters are duwdy obuzined for the COHCS'pondi,ng mpm values (Fig 3.14);

(2) Input the vertical angle for
(i) Horizontal distance .
(if) Height difference corrected for earth curvatu mean ion.
(6) Inpur the horizontal angle for re and refractio
(i) Coordinate differences AE and a N,
(c) Imput the distance 10 be set our for

(5) AD, the amount by which the reflector has 1o be moved forward or pack.
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FIG. 3.14
theodolite

When fitted to an
the slope distance to the theodolite. The following
redvetions (Fig. 3.15) are carried out in the theodolite

electronic (T 1000 or T 2000) DI 5S transfers
TICCO: =2 =2 a

’ T200): A & A
E N H

ImiCTOProcessor.
The DI 5S can also be connmected to GRE

3 data terminal for automatic data acquisition. The Setting-cut AD
EDM is powered from a NiCd rechargeable banery.
When used on a8 Wild electronic theodolite, DI 5S FIG. 3.15

is powered from the theodolites’ internal battery.
3. Distomats DI 3000 and DI 3002

Wild DI 3000 distomat is a long range infra-red EDM in which infra-red measuring
beam is emitted from a laser diode. Class I laser products are inherently safe ; maximum
permissible exposure cannot be exceeded under any condition, as defined by International
Electrotechnical Commission. .

The DI 3000 is a fime-pulsed EDM. The time needed for a pulse of infra-red light
to travel from the instrument to the reflector and back is measured. The displayed result
is the mean of hundreds or even thousands of time-pulsed measurements. The pulse technique
has the following important advantages : .

(i) Rapid measuremsnt. It provides 0.8 second rapid measurement for demail surveys,
tacheometry, setting out etc. It is advantageous for long range measurements in mrbulent
atmospheric conditions.

(i) Long range. Its range is 6 km to 1 prism in averags conditions and 14 km
to 11 prisms in excellen: conditions.

(i) High accoracy. Accuracy is 5 mm +1 ppm standard deviation. A calibrated
quartz crystal ensures | ppm frequency stability throughout the temperature range
~20° C to +60° C. In tracking mode, accuracy is 10 mm +1 ppm.

(i¥) Measurement to moving targets. For measuring (0 moving targets, the times-pulse
Measuring technique is very advantageous. There are practically no lumts_ 1o the speed at
which an object may move. For this purpose, a reflector shculd be suitably amached to

the object or vehicle to which measurements have to be m.:d_c. The dismmal.can be (@
mlnlull'y controlled, (b) convected to Wild GRE 3 dara terminal for autematic recording
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, l-ime processi
ot fc) commsced colime © 2 compumer for remote congrol aad rEalHImE PrOCESSINg resulyy
wpoer for e Sl
The followine impormsr operstions caz be achieved on WOVIRE OUFTY ]
(o) OFchor S A= electronic theodolite for measur
(e) Offskorr swrveys. DI 3000 czz be moumsd 02 XU “}‘",_m: . Suring
N b - - - s . - neyrn LI d-a ‘Hl
o shims, Eredzers 2nd pipe laving barpes, positomimg of rigs, COSTONIES R L Y

= SN

ex (Fiz. 3.16)

r,jr_—;-,:v).\(AG.‘-'ﬁC DISTANTE MEASLREY [ENT TDw -
- i 73

perworks. cadastral. detdil ard wopographic surveys. seming out eic. It combines with Wik
jcal and electromic theodolites. I can also fit in 2 yoke 25 swndalone insmument

Fig. 3.20 shows 2 wisw of DI 3000 distomat, with its comrrol parel, monmed om

: Wild theodolite. The large easy to read LCD shows measured valoss with 2poropriate

siges and symbols. An acoustic sigml ackmowledges key entries and measuremens. With

the DI 3000 on an optizal tieodoliee, reductions are via the built in key board For cadaseral,

dazil, eogineering and topographic survevs, stmply kzy in the vertical circle reading. The

DI 3000 displays siope and horizommal disence and height Gifferemce. For mavening with
\ro3-T2DES MEASITEINCTLS, Istrememt and reflecior hephis can be input the reguired !
gszace. The DI 3000 displays the zmount by which the reflecior has 1o be moved forward
or.back All coTrection patameters are sisred in the nonevolat¥e memory 2nd applisd ©
every mezsuretients. Displayed heights are comrerted for s2rmiy comvarurs 2od mezn refraction
4. Distomat DICK 3042

Tee DIOR 3002 is 2 special version of e DI 3000. It is designed specifically
for distance measurement without reflector. Basically, DIOR 302 is 250 tme paised Infra-r=d
EDM. Wken vsed whbom refeciors, s rarze vanes from 100 m o 250 m czly, with

(5

) Comtrolfing objects o rels. DI 3000 caa be comnscied 032 [0 COmpuer for
g i s, vebicles, machinery on rails, wacked equipmens

SomToLy O pOsInOR of commes,
T

/ \ ; //_ ] 2 stendard d.:-“l:tif':x of 5 mm v 10 mm. The iotcrruptions of beam should be avoided.
P N\ ) i ‘.\.:_.4 ) - However, DIOR 3002, whep ‘ised with refleciors heve a range of 4 km o ] prism, 5
| Ne= [ E g _ kn w0 3 prisms and € km © 11 prisms.

;' N\ | | Alibough. the DIOR 3002 can fired co zny of the main Wid theodolitss, the T
y 1000 elecromic theodolits is the most suitble. When used without reflectors, it can carry
I FIG. 317 the following operation.

L}
)
*
}

) Profile and cross-sections (Fig. 3.21). DIOR 3002 with zn slecoronic theodolite,
can be used for meazsuring tuenel profiles and cross-sectioms, sorveying stopes. caverns,
interior of storage tanks, domss etc.

(c; Momioring movements in deformction surveys. DI 3000 can be connected with
GRE 3 or compumer for comimmous mezsurzmen: o rzpidly deforming soucrures, such as
bridges underpoing lozd tesx (Fiz. 3.18).

(d) Pousioming moving machinery. DI 3000 can be mounted on a theodolite for
cootimonss determinztion of the position of mobile equipmem. (Fig. 3.19).

| | R

‘ |

| -

; | / A

! ' ’ : ) J /‘\ 1‘}"‘{‘1 AR

f ' ' " FG. 321 AG 322

P (i) Surveying and momioring buildings, lorge objects quarries, rock faces, siock

piles (Fig. 3.22). DIOR 3002 with 2 theodolite 2nd data recorder can be used for measuring
and monitoring large objects, 1o which access is difficuii, such as bridges, buildings, cooling
wwers, pylons, roofs, rock faces, towers, stock pues et

FiG . 318 FIG. 319

The DI 30006 is also ideal 2ll-round EDM for conventionz| measursments in surveying
and epginecring © control surveys, wavening, trigorometrical keighting, breakdown of GPS
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(i) Checking liquid levels, measuring to dangerous or rmrch'unsmt't; ‘S"l’fﬂcrt’s '(!:fg.
3.23). DIOR 3002 on line to a computer can be used for controlling thf: tVlc o h‘]l"da
in storage tanks, determining water level in docks and harbours, measuring the amplitude

of waves around oil rigs etc., also for measuring o dangerous surfaces such as furnace
linings, hot tubes, pipes and rods.

() Landing and docking manoeuvres (Fig. 3.24). It can be use
from helicopters to landing pads and from ships to piers and dock walls.

d for measuring

FIG. 3.23 FIG. 3.24
5. WILD ‘TACHYMAT' TC 2000 '

Wild TC 2000 (Fig. 3.25) is a fully integrated instrument. It combines in one instrument
the advantages of the T 2000 informatics theodolite with the distance measuring capabilities
of Wild distomats. For applications where distances and angles are always required, and
instrument with built-in EDM is particularly useful. Wild TC 2000 having built-in EDM
is a single package ftotal station which can be connected to Wild GRE 3 data terminal,
The same telescope is used for observing and distance measurement. The infra-red measuring
beam coincides with the telescope line of sight.

The telescope is panfocal, magnification and field of view vary with focusing distance.
When focusing to distant targets, the magnification is 30 X. Over shorter distances, the
field widens and the magnification is reduced for easy pointing to the prism. the telescope
with coarse and fine focusing is used for both angle and distant measurement.

‘The whole unit, theodolite and built-in EDM, is operated from the key board. Angles
and distances can be measured in both telescope positions. Single attenuation and distance
measurements are fully automatic. Normal distance measurement takes 6.5 seconds with a
standard deviation of 3 mm + 2 ppm. In tracking mode, the display updates at 2.5 seconds

intervals and the standard deviation is 10 mm 10 20 mm. The 2 km range to a single
prism covers all short range work. Maximum range is about 4 km in average atmospheric
conditions. )

Key board control. The entire equipment—angle and distance measurin, ding—is
controlled from the key board, The multifunctiona) capability of the irﬁ(:ul:’wr::o:mkgcs it

suitable for almost any task.
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5
Pair of displayed values. The panel directly displays angles, distances, heights and

co-ordinates of the observed pPoint where the signal (reflector prism) is kept (Fig. 3.26).
Height above datum and station co-ordinates can be entered and stored,

A

FIG. 3.26.

The following pairs are displayed :

( Hz circle vV circle

(in Hz circle Horizontal distance

(iify Height difference Height above datum

(iv) Slope distance V circle

(v)  Easting Northing.

Remote object height (ROH), The direct
height readings of inaccessible objects, such as towers
and power lines, the height difference *and height
above datum changes with telescope. However, both
the pairs of values are displayed automatically.
The microprocessor applies the correction for earth
curvature and mean refraction. Corrected heights
nare displayed. )

Traversing program. The coordinates of the
teflector and the bearing on the reflector can be FIG. 3.27. DETERMINATION QF ROH.

stored for recall at the next set-up. Thus, traverse
point coordinates are available in the field and - e
closures can be verified immediately. T e

Setting out for direction, distance and height.
The required direction and ‘horizontal distance can FIG. 3.28. TRAVERSING.

be entered. The instrument displays: ]

ROH

(i) The angle through which the theodolite
has 10 be turned. ‘
(if) The amount by which the reflector has \
© be moved. \,

And by means of remote object heighx'(R(?H)
capability, markers can be placed at the required
hei
e St dann, “FIG. 3.29. SETTING OUT.
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3 data terminal.  The bearings anq

Setti . ; RE
etting out can be fully automated with G rod coordinates and transferreg

. distances to the points to be set out arc computed from the SO
automatically to the TC 2000 roral siation.

Differences in Hz and V. For locating targets and for real time c(?mpans&.)n:, of
it is advantageous to display angular

measurements in deformation and monitoring surveys, o
differénces in the horizontal and vertical p'l?:ncs between a ,.equirefi direction and the actua)
telescope pointing. -
3.8. TOTAL STATION o

A total station is a combination of an electronic theodolite and an electronic distance
meter (EDM). This combination makes it possible to determine the coordinates of a r.eﬂc(:lor
by aligning the instruments cross-hairs on the reflector and simultapeoUﬂY_ measuring  the
vertical and borizontal angles and slope distances. A miCro-processor in _ﬂxc m_strumcm takes
care of recording, readings and the necessary computations. The data 18 easily transferred
to a computer where it can be used to generate a map. Wild, ‘Tachymat’ TC 2_000- described
in the previous article is ome such fowal srazion manufactured by M/s Wild Heerbrugg,

As a teaching tool, 2 total station fulfills several purposes. Learning fow to properly
use a rotal station involves the physics of making measurcments, the geometry of calculations,
and statistics for snalysing the resuls of a traverse. In the field, it requires team work,
planning, and carcful cbservations. If the total siation is equipped with data-logger it also
involves interfacing the data-logger with a computer, transferring the data, and working
with the data on a computer. The more the user understands how.a ltotal station works,
the bewter they will be able w© use it
Fundamenta! measurements : When zimed at an appropriate target, a lotal station measures
three parameters (Fig. 3.31) '

1. The rotation of the instrument’s optical axis from the instrument notth in a horizontal

plane : i.e. horizontal angle .
2. The inclination of the optical axis from the local vertical i.e. vertical angle.
a .
Line of sight
g
g ) Target
& ‘ & &2 (Reflector, R)
G ) S { '
z
-
Instrument
f ] north
Al
(1)
Horizontal \J'
angie (H,;) JQQO“
\

-

FIG 331, FUNDAMENTAL MEASUKEMENTS MADE BY A TOTA[ STATION

ELECTRO-MAGNETIC DISTANCE MEASUREMENT (Epug) 237

3. The distance between the instrument and the target i.e. slope distance

« All the numbers that may be i “stat;
provided by the toral i J
o fundan al measurements ¥ station are derived from these

1. Horizontal Angle

“The hOanm'ﬂl angle is measured from the zero direction on the horizontal scale

(or horizontal circle). When the user first sets up the instrument the choice of the zero
direction 1s r,'nadc — this is Instrument North. The wser may decide to set zero (North)
in the direction of the long axis of the map area, or choose to orient the instrument
approximately to True, Magnetic or Grid North. The zero direction should be set so that
it can be recovered if the instrument was set up at the same location ar some later
date. This is usually done by sighting to another benchmark, or to a distance recognizable
object. Using a magnetic - compass to determine the orientation ot the instrument is not
recommended and can be very inaccurate. Most total stations can measure angle o at least
5 seconds, or 0.0013838°. The best procedure when using a Total Station is to set a
convenient "nor_th" and carry this through the survey by using backsights when the instrument
is moved.
2. Vertical Angle : The vertical angle is measured relaiive to the local vertical (plumb)
direction. The vertical angle is usually measured as a zenith angle (0° is vertically up.
90° is horizontal, and 180° is vertically down), although one is also given the option of
making 0 ° horizontal. The zenith angle is generally easier to work with. The telescops
will be pointing downward for zenith angles greater than S0 ° and upward for angles less
than 90 °.-

Measuring vertical angles requires that the instrument be exactly vertical. It is very
difficult to level an_ instrument to the degree of accuracy of the instrument. Total stations
contain an internal sensor (the vertical compensator) that can detect small deviations of
the instrument from vertical. Electronics in the instrument then adjust the horizontal and

Reflector

0
e g™

N

Total station

ND = SD sin ZA ‘f’—"

«F

z ) ; m—-mm«ﬂ"fM

nd

1 = Instrument ; R = Reflector

Sp =slope disance; Vp = Vermical disunce between telescope and reflector; Hp = Honzon!
distance; Zy = Zenith angle, fir = Instrument helght, Ry = Reflector height
I2= Ground elevation of i) station; Rz = Ground elevauon of reflector

FIG 1.32 GEOMETRY OF THE INSTRUMENT (TOTAL STATION) AND REFLECTOR
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¢ small adjustments, sO the instrumen

vertica i ) mak il i
| angles accordingly. The compensator can only trument will give some

still has to be well leveled. If it is wo far out of level, the Ins
kind of ™ilt" error message. i

Because of the compensator, the instrument has to be pointing exactly at the ftarge
in order to make an accurate vertical angle measurement. If Ehc .mstrumem is u:xol pc'rftclly
leveled then as you turn the instrument about the vertical axis (i.¢.. change the horizongy
angle) the vertical angle displayed will also change. .
3. Slope Distance : The instrument to reflector distance is meas_urcd using 'an El_ectmniC
Distance Meter (EDM). Most EDM’s use a Gallium Aresnide Dl.Odt to emit 3“'mffaled
light beam. This beam is usually modulated to two or more different frequencges, The
infrared beam is emitted from the fotal station, reflected by the reflector and received ang
amplified by the total station. The received signal is then comparcd with a reference signa)
generated by the instrument (the same signal generator that transmits the mlcrowa\(e pulse)
and the phase-shift is determined. This phase shift is a measure of the travel time and
thus the distance between the total station and the reflector.

This method of distance measurement is not sensitive to phase shifts larger than one
wavelength, so it cannot detect inscrument-reflector distances greater than 1/2 the wave length
(the instrument measures the rwo-way travel distance). For example, if the wavelength of
the infrared beam was 4000 m then if the reflector was 2500 m away the instrument
will return a2 distance of 500 m. ' '

Since measurement to the nearest millimeter would require very precise measurements
of the phase difference, EDM’s send out two (or more) wavelengths of light. One wavelength
may be 4000 m, and the other 20 m. The longer wavelength can read distances from
I m to 2000 m to the nearest meter, and then the second wavelength can be used 1o
measure distances of 1 mm to 9.999 m. Combining the two results gives a distance accurate
to millimeters. Since there is overlap in the readings, the meter value from each reading
can be used as a check. ) y

For example, if the wavelengths are 2, =1000 m and %, =10 m, and a targer. is
placed 151.51 metres away, the distance retuned by the 2, wavelength would be 151
metres, the A, wavelength would return a distance of 1.51 m. Combining the two results
would give 2 distance of 151.51 m. ' ‘
Basic calculations

thal Stations only measure three parameters : Horizontal Angle, Vertical Angle, and
Slope Dmance{. All of these measurements have some error associated with them, however
for demonstrating the geometric calculations, we will assume the readings are without error.
Horizontal distance

Let us use symbol / _for instrument .(total‘ station) and symbol R for the reflector.

- pection of Fig. 3.32 the horizontal distance (Hp) 15
Hp:SpCOS(%'_.ZA)=SDSinZ,| ‘ (D) ...(3.4)

where S, is the slope distance and Z, is the zenith ap le. Th i i
. > distance
will be used in the coordinate calculations. gle. The horizontal dis
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yertical distance .
Wwe can consider two vertical distances. One is the Elevation Difference (dZ) between
s two points on the ground. The other is the Vertical Difference ( V,',) between the tilting
of the instrument and the tilting axis of the reflector. For elevation difference calculation
peed to know the height of the tilting-axis of the instrument (1,), that is the height
e center of the telescope, and the height of the center of the reflector (R,
The way to keep- the calculation straight is to imagine that you are on the ground
goder the instrument (FAlg. 3.32). If you move up the distance 1, , then travel horizontally
o 2 vertical line passing through the reflector then up (or down) the vertical distance
(V,) t© the reflector, - and then down to the ground (R, ) you will have the elevation
jifference dZ between the two points on the ground. This can be written as
dZ = Vo + (I - R) (2) ...(3.5)
The quantities 7, and R, are measured and recorded in the field. The vertical difference
y, is calculated from the vertical angle and the slope distance (sce Fig. 3.32) '
’ ) “ Vo=Spsin(90° -Z,) =S5pcos Z, ..(3) ...3.6)
Substituting this result (3) into equation (2) gives
dzZ = SD cos Z, + (IH— Ry) L4 ...(3D
where dZ is the change in elevation with respect to the ground under the total station.
We have chosen to group the instrument and reflector heights. Note that if they are the
same then this part of the equation drops out. If you have to do calculations by hand
i is convenient to set the reflector height the same as the instrumem height.
If the instrument is at a known elevation, I, , then the elevation of the ground beneath

a8
we
of th

the reflector, R, is
. Rz=1I:+ Spcos Zy+ (Iy — Ru)
Coordinate calculations
So far we have only used the vertical angle and slope distance to calculate the elevation
of the ground under the reflector. This is the Z-coordinate (or elevation) of a point. We

{3 ...3.8)

A

Narth

S, dE = H, sin Hyq
S 4 Reflucior
*(Re. Ry Ry

dE = Hy sin Hyg
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FIG. 3.33, COMPUTATION OF EAST AND NORTH COODINATES OF THE REFLCTOR
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T
Mo want w calculate the X- (or East) and F- (or North) coordinates. The Zero diregy
set on the istrumenmt v istrument nporth. This may not have an ':::":'T :‘I:‘c the RTOung
T troe, magmetic or gnd porth. The relationship must be ddtm;: ‘mn)ul a l;m' i
333 shows the geometry for two different cases, Om.‘h"c the Or'|80° angle 18 oy
than 1907 and the other where the borizontal angle is greater ey 3 ]:" ':'c Sign o
the coordinate champe [positive m Figore 3.32 (@) and negauve in Fig. ‘cd ( ) s taken
are of by the tmponometnc functions, o the same formula can be ‘r“ h'“ _"" Casey
Let w wse symbol E for easung and N for porthing, and symbol 7 or the Instrymer,
(1e ! saton) and E for the reflector. Let Ry and Ry be the f:as(]ng a““"mﬂhing
of the refiector and [, and [, e the casung and northing of the nstrument (ic. iy
sasos) ) »
From imspecnon of Fig. 3.33 the coordinates of the relector relative (0 the gy
saton are

dEf = Change m Easung =H,smHe

d\V = Chanpe in Northng = H, o0s He .

where H, i the horizomaz] distance and H,, is the horizontal angle measured iy |

a clockwise semse from instrument north. In terms of fundamental measurments (i.e. equation
i) ths i the same as

EE = Sy smm Z, sin Flaa ...(3.9)

dN = 5; cos (90° - Z,) cos Hy = Sp sin Z, cos Har <..(3.10)

If @ casting and northing” coordinates of the instrument station are known (in grid

whose morth drrecuon 1 the seme 25 mnstrument north) then we simply add the instrumen

coordinates w0 the chenge mm easuny and northing o get the coordinates of the reflector.
The coordinates of the ground under the reflector, in terms of fundamental measurments

are

R} = 1[ - o S;, 3] ZA sin H“ ...(3.‘"
Ro=I,+ Sy6in Z,cos Ha .. (3.12)
Pr=1r+Spcos Zy+ (Iu - Ry) ...(3.13)

where [, . 4,, and [, wre the coordinaies of the ol station and Ry, Ry, R, axc
the coordmstes of the ground under the reflector, These calculations can be easily done
i a spreadshee: pro, L

All of these calculations can be made within a 1otal statjon, or in an attached electronc
potchook  Although 1t is tempting 10 et the total station do all the calculations, it is wise
1o secord the twee fundaments! measuremems. This allows calculations to be checked, and
provides fhe basic dstz that is needed for @ more sophisticated error analysis.

Remote Sensing

+.1. INTRODUCTION

Remote sensing is broadly defined as science and are of collecting information about
objects, area or phenomena from distance withour being in physical comtact with them
[n the present context, the definition of remots sensing is restricted to mean the process
of acquiring information about any object without physically contacting it in any way regardless
of whether the observer is immediately adjacent to the object or millions of miles awry
Human eye is perhaps the most familiar example of a remote sensing  system. In fact,
sight, smell and hearing are all rudimentary forms of remote sensing. However, the term
remote sensing is restricted to methods that employ elecromagnetic energy (such as light,
heat, microwave) as means of detecting and measuring target characteristics. Air craft and
satellites are the common platforms used for remote semsing. Collection of darz is wseally
carried out by highly sophisticated sensors (i.e. camera, multispectral scanner. radar e ).
The information carrier, or communication- link is the elecromagnétic energy. Remote sensing
daa basically consists of wave length intensity information by collecting the electromagnetic
radiation leaving the object at specific wavelength and measuring its intensity. Photo imerpretaon
can at best be considered as the primitive form of remote sensing. Most of the modern
remote sensing methods make use of ‘the reflected infrared bands, thermal infrared bands
and microwave portion of the electromagnetic spectrum.
Classification of remote sensing

Remote sensing is broadly classified into two categories

() Passive remote sensing and (i) Active remote sensing
Passive remote sensing : It uses sun 23 a source of EM energy and records the cnergy
tat is paturally radiated and/or reflected from the obiccts.
Active remove sensing : It uses its own source of EM erergy, which ia directed towardi
e object and return energy is measured.
42. HISTORICAL SKETCH OF REMOTE SENSING

Remote sensing became possible with the inventon of camera 1 the uncteeRit Lenmury
Astonomy was one of the first fields of science to exploit this techaique  Although, it
%8 during the first World War that free flying aiccrafts were used m 3 remofe sensing
wle, but the use of remote sensing for environmental assessment really became establuhed
et the second World War. [t not only proved the value of aerial phowgraphy in land

a1
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LOTE SENSING -
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FIG. 4.1 IDEALISED REMQOTE SENSING SYSTEM

.

5. Transmission of daia to earth station and datz product geseraton . [he &2

wh the iemeuy

2¢ sensing system is wansmimed o the ground based earh station aleng
densiry dam pes

e The rezl-dme (instamtznsous) dama handling system comsisss of luzd 3
#r recording and vispal devices (such as relevision) for guwk look dispiays. The oo
;mdzcua:eminlychssiﬁadimamumgm: .

(iy DPictorial or Photogrephic product (amalogue)
mi (@) Digirl prodoct
6. Multiple data users : The mulriple dara users are thoss who have kmowiedzs of grem
dech, both of their respective disciplives as well 2s of remote seosing e and amalyss
mchmiques. The same set of doza becomss various forms of imformanon for differem osem
%ih the understanding of their field and interpremton silis.
4.4. BASIC PRINCIPLES OF REMOTE SENSING

Remd: i Sloy elecrromagnetic energy and 10 3 gTeal ewmmt reles on @
' Slectroaagntic the maper (obieen). It refers 1o the semsimg of

mieraction of electromagnetic energy With : e
EM radistion. which is reflectsd, scattered or emiusd from the obiect

44.1. ELECTROMAGNETIC ENERGY .
te velocity of light (3~ 10'm sx) in

It is a form of energy that moves with b ( s
* barmonic pamern consisting of sinusoidal waves, equally fm repetitively ;p,;_:; in mx..o
I has two fields : () electrical field and (i) magnete field. bot be:n!, o C,:wm\,.,,.l -
h other. Fig. 4.2 show the electromagaetic Wae pattern, in which the electric compons
e Vertical and magnetic components are horizonal
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Electromagnetic energy consists of phoions having particle like properties such as energy
and momemum. The EM energy is characterised in terms of velocity ¢ (=3 x10"myy),
wave length 5 and frequency f. These parameters are related by the equation :

; (4.

f i3
- wave iength, which is the distance between two adjacent peaks. The wave
lengths  sensed by many remote sensing systems are exiremely small and
sre messored in terms of micro meter (um or 10 m ) or nanometer

¢
A T

whert

{nm or 10 m)

f= frequency, which is defined zs the number of peaks that pass any given

point in one second znd is measured in Herz (Hz). .
Tie amploude s the maximum value of the electric (or magnetic) field and is a

measure of e amoumt of energy that is transported by the wave. .
Wave theory concept explaine how EM energy propagates in the form of a wave.
However, tus encrpy can only be detected when it interacts with the matter. This interaction
sugwests tha the eosrpy consists of many discrete units called phorons whose energy (0)

B 2iven by

O=hf= fl_f (4D
where h= Plank's constant =6.6252 x 10°* Js

The above eguation sugpesis lhat shorter the wave length of radiation, more is the
endrey conlerd
4.42 ELECTROMAGNETIC SPECTRUM

Adthough visible light s the most obvious manifestation of EM radiation, other fors
also exst EM rsdianon can be produced at a range of wave lengths and can be categorise
sccording 1o M2 positon inio discrete tegions which is generally referred 1o eleciro-magne
specirum. Thus the electromagnetic spectrum s the contipuum of energy that ranges fio®
meters (0 mano-merers in wave leogth (Fig. 4.3) ravels at at the speed of light and propags®®
through 5 vacuuid hike the outer space (Ssbine, 1986). All mater radjates a range of electroma

: GENSING
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T e e ~g
o c
uv é g é MNear - Infrared
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I | [ |
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C) . oy ﬂ’lq 1y Ty ’9"’0 0y,

FIG. 4.3. ELECTROMAGNETIC SPECTRUM

energy, with the peak intensity shifting toward progressively shorter wave length at an increasing
ature of the matter. In general, the wave lengths and frequencies vary from shorier

wavelength-high frequency cosmic waves to long wave length-low frequency radio waves

(Fig. 4.3 and Table 4.1). )

1987)

~ TABLE 4.1. ELECTROMAGNETIC SPECTRAL REGIONS (SABINE,
Region Wave length Remarks

|. Gamma ray |< 0.03 nm Incoming radiation is completely absorbed by the upper atmosphers aid 18 pot nauladle
for remote sensing

2. X3 0.03 t0 3.0 nm |Completcly absorbed by atmosphers. Not employed in remote sensing

3 Ulraviolet |0.3100.4 um |Incoming wavelengths less than 0.3 i m are completety 2bsorbed by ozone m the upper
atmosphere _—

4, Photo graphic|0.3 t0 0.4 pm | Transmiued through atmosphers. Detsctable with film and photdeteciors. St

UV band amospheric scatiering is severe

3. Visible 0.4100.7 um |Images with film and photo detectors. Inchudes reflected energy peak of zarth a1 0 $ um

6. Infrared 0.7 to 1.00 um |Interaction with matter varies with wave length. Ammuspheric (ANSMISTON wmndows are

7 Reflected IR(0.7 10 3.0 um | Reflected solar radiation that contains mformaton sbout thermal properties of masrals

bad The bands from 0 7 10 0.9 am is detecrable with fitm and i3 called he phowgraptic (R

rﬁh . band.

8 Thermal IR | 310§ pm | Principal amospheric windows in the 8 © 14 um thermal region mages & these
wavelengths are acquired by optical mechanical scanners and special vidzon ryvems bt
not by film. Microwave 0.1 0 30 cm longer wayelength can oenetrate clowds, fog and
rain. Images may be acquired in the active of passive mode

5 Radar 0.1130cm [Active fonn of microwave T g Radar images are acquired At varows

—— wavelength bands.

10. Ragdiy > 30 em Longest wavelength portion of electromagneue spectrum. Some clamifiad fxtars Wi

- very long wavelcugihs operate 1 \Nss region.
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Earths atmosphere sbsorbs encrgy in Gamma ray, X-ray and ““:“ o u'""'\'lnl
regron Therefore, these regions are not used for remote sensing n‘u'm-'lf' Sensing deq),
Wik emerey in wuible, infrared. thermal and mCTOWIW PELIORS lhcs.c TCRIONS are fyp -
subdividad im0 bands such as Blue, green, red (in visible region), near nfrared, mid-ingry, ‘
Mermal and microwave e It is importanmt fo realize that significant_amount of  pep,,
sening performed within infrared wave length s ot related t0 heat, ll‘\s Ph‘“"rraphiu
mfrared &t @ shighidy donpsr weve lengrh (invisible 1o human eye) than red. Thermal im’uIN
remods  sonsing i carriad out 8t donger wave lengths.

4.4.3, WAVE LENGTH REGIONS AND THEIR APPLICATIONS IN REMOTE SENSING

Fig 4.3 shows the EM spactrum which ie divided into discrete regions on the basi
of wavelensth Romote sensing mosthy deals with energy in visible (Blue, green, ved) infr;"m
(mear-iafrared. mud-infrared, Oxrmal-infrared) regions Table 4.2 gives the wave length regioy
along with the prncipal spphications 1o remote sensing., Energy reflected from earth (i
dayum® may be recorded ms @ funcnion of wavelength. The maximum amount of energy
s reflected ot 0% o om. called te reflecred emergy peat. Eanh also radiates energy boy
Guring day and might tme with madmum enerpy radisted at 9.7 pm, called radiant energy

peak
TAFLY 41 WAVE 1FNCTH REGIONS AND TUFIR APPLICATIONS IN REMOTE SENSING

] .
[ Koo Wawe lengrh (um) | hi!ldpd’ Applications
) § e —— ——
'.lx,, Vivibie Jopror
i Bt ,‘ nas - 0.8 Coastal morphology and sedimentation study, soil and
‘ vegetanion differentiation, coniferous and deciduous
N S vegetation discrimination.
2 Green | 042 - 060 Vigor assessment, Rock and soil discrimination,
o - — Turtidity end bathymetry studies.
) Red \ 062 - 069 Plant specics differentiation

4} lafrared Kepian

07 - 6%

4 Near lafvared i Vegewtion vigour, Biomass, delincation of warer
R S festures, lund forms/geomarphic studies.
3 Mad-istraresd ; 195 - 178 Vegetaton moisture content, soil moisture content, snow
= = ]r snd cloud differentation
6 Mo wfast B 2068 - 238 Differenation of geological materials & sofls
! T ——
{ 7 Teermal IR __“_” - ,_.]_'0;5,“’ For hot trgess, | e, Fires and volcanoes
¢ Thormat 1E | 104 - 128 Thenmad sencing, vegetation discrimination, voleank
| studies ]
444 CHARACTERISTICS OF SOLAR RADIATION ’

All otyects gbove 0K emit EM mdigtion st all wavelengths due 1o conversion of
leai cuergy o EM energy. All stare and plancts emit radiation. Our chief star, the Sub
s st a sphereal body with @ dlameier of 139 « 10° . The connunuous conversio!

of by@roges (o belian which s the maln constiment of (he Sun, gcncutes'lbc cnelt) -

taat s radisted from the outer layers. Passive remote sensing uses Sun as jts source o

REMOTF STNSING -
EM radiation. Sun is the strongest source of radiant energy and can he approximared b

a body source of temperature 5750 - 6000° K Althaugh Sun prr'.«"zu"- r:?\[ ',T,J,,,;,m ,,,;
a rangce of wave lengths, the amount of encrgy it produces is not evenly dnr}nhu"d ;3"'1'
this range. Approximately 43% s radiated within the visible wavclenzﬂ{ 04 © 07 umj
and 48% of the energy is transmitted ar wava fength greater than 0.7 ‘“m; by w".!.’i."..
infrared range.

¢« If the energy reccived at the edge of earth's atmosphere were distributed evenly over

the carth, it would give an average incident flux density of 1367 W/m’ This is krown

as the solar constant. Thirty five percent of iscident radiant flux is reflected back by

the carth. This includes the energy reflected by clouds and atmosphere. Seventeen rc.-:»:r:lz

of it is absorbed by the atmosphere while 48% is absorbed by the earth's surface materils
(Mather, 1987).

4.4.5. BASIC RADIATION LAWS :
- Stefan-Boltynann  law
All bodics above temperature of 0° K emit EM radiation and

o radiated
by an object at a particular temperature is given by
M=cT' (3.3
where M = total spectral exitance of a black body, W m’

o= Stefan-Boltzmann constant = 5.6697 x 10" W/m" /K’
T = absolute temperature

A black body is a hypothetical ideal radiator that toually absorbs and remuts all energy
incident upon it. The distribution of spectral exitance for a black body at 5900° K closely
approximates the sun’s spectral exitance curve (Mather 1987), while the carth can be conudered
to act like a black body with a temperamre of 290 °K.

Wien's displacement law

The wave length at which a black body radiates s maximum energy is inversely

proportional to temperature and is given by

A
== . (4.8)
A=
An=wave length of maximum spectral exitance
A =Wien's constant =2.898 x 107" mK
T = temperature of the body

As the temperature of the black body increases, the dominapt wave length of (e
emitted radiation shifts towards shecer wave length.

3. Plank’s law . ' , ‘ .
The total energy radiated in all directions by unit area in wale fme in 4 spectral
band for a given by is given by ’
G (4.9
M= S mTT

Where M, = Spectral exitance per unib wave length

.
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-6 2
C) = First radiation constant =3.742 x 107" W/m

C: = Second radiation constant = 14383 « 10° *mK
It enables to assess the proportion of total radiant exitance within selected wave length.
4.5. EM RADIATION AND THE ATMOSPHERE .
In remote sensing, EM radiation must pass through atmosphe ,
the carth’s surface and to the sensor after reflection and emission from earth’s surface

features. The water vapour, oxygen, ozone, CO;, aerosols, ctc. present in the atm_oSphel't:

influence EM radiation through the mechanism of (i) scattering, and (if) absorption.

Scattering "

It is unpredictable diffusion of radiation by molecules of the gases, dust aﬂfi smoke
in the atmosphere. Scattering reduces the image contrast and changes the 5?"‘:‘"‘1 signatures
of ground objects. Scattering is basically classified as (i) .selective, and (i) non-selective,
depending upon the size of particle with which the electromagnetic radiation interacts. The
selective scatter is further classified as (a) Rayleigh's scatter, and (b) Mies scauer.

Rayleigh’s scatter: In the upper part of the atmosphere, the diameter of the gas
molecules or particles is much less than the wave length of radiation. Hence haze results
on the remotely sensed imagery, causing a bluish grey cast on the image, thus reducing
the conmast, Lesser the wave length, more is the scattering.

Mie’s scarter : In the lower layers of atmosphere, where .the diameter of water vapour
or dust particles approximately equals wave length of radiation, Mie's scatter occurs.

Non-selective scatter : Non-selective scattering occurs when the diameter of particles,
is several times more (approximately ten times) than radiation wavelength. For visible wave
lengths. the main sources of non-selective scattering are pollen grains, cloud droplets, ice
and snow crystals and raindrops. It scatters all wave length of visible light with equal
efficiency. It justifies the reason why cloud appears .white in the image.

Absorption , '

In contrast to scattering, atmospheric absorption results the effective loss of energy
as a consequence of the auenuating namure of atmospheric constituents, like molecules of
ozone, CO, and water vapour. Oxygen absorbs in the ultraviolet region and also has an
absorption band centered on 6.3 pm. Similarly CO, prevents a number of , wave lengths
reaching the surface. Water vapour is an extremely important absorber of EM radiation
within infrared part of the spectrum. : ‘ .

Atmospheric windows ) o

The amount of scattering or a‘bs.ox.ption depends upon (i) wave length, and (i) composition

- of the armosphere. In order to minimise the effect of atmosphere, it is essential to choose
the regions with high transmittance.
the amosphere are 0w 4 atmospheric wndoms ey 1y, O Wholly transmited ihrough

o are used 1o acquire remote sensing

re in order 1o reach

Typical aimospheric windows on the regions of EM radiation are shown in Fig. 4.4.
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FIG. 4.4 ATMOSPHERIC WINDOWS

The sensors on remote sensing satellites must be designed in such a way as to obtain
data within these well defined ammospheric windows.

4.6, INTERACTION OF EM RADIATION WITH EARTH’S SURFACE

EM energy that strikes or encouniers mater (object) is called incident radiation. The
EM radiation striking the surface may be (i) reflected/scattered, (ify absorbed, and/or (ifh) .
wansmitted. These processes are not murally exclusive — EM radiations raay he partially
reflected and partially absorbed. Which processes actually occur depci-ts on the following
factors (1) wavelength of radiation (2) angle of incidence, (3) suriz.. roughness, and (4)
condiion and composition of surface material.

FIG. 4.5. INTERACTION MECHANISM

Interaction with matier can change the following properties of incident radiation:
(@) Intensity (b) Direction (¢) Wave length (d) Polarisation. and (e) Phase.

The science of remote sensing detects and records there changes.

The eneréy balance equation for radiation at a given wave length (1) can be expressed

as follows. |
E:A=E:).+Eu+5n ...(4.6)
where E,» = Incident energy; Ega= Reflected energy

E4, = Absorbed energy; Er:= Transmitted energy.

The proponidn of each fraction (Eg /E4»/Ey,) will vary for different materials dlependix_xg
Within a given features type, these proportions will
vary at different wave lengths, thus helping in discrimination of different objeas: Reflection,
Scattering, emission are called surface phemmenon'b:‘:causc these are determined by the
Properties of surface, viz. colour, roughness. Transmission and absorption are called volume

Upon their composition and condition.



HIGHER SURVEYING

<0

. istics of the matte i
phenomena because these are determined by the internal characteristics of N vig,

density and condition.
Modification of basic equation : .
. v . — co it is m
is more important than the absorbed and transmitied CNCTRICS. Henc

0 rearrange the terms of Eq. 4.6 as follows ’

the amount of reflected energy (En)

In remote scnsing,
ore convenien

Exi=En *iF-)‘."-:] (47
Eq 4.7 ix known as the balance eguarion.
Dividing &l! the terms by E,,, we gat
By [ E.x  Ens |
Ml 22—
E, LE:  En |
or pm=l-[aa+Ta (4.8)
En "
E - =—=
where = Era | Reflectance : @i = —— = Absorbance | M1 = E. Transmittance

fry

Since almost all earth surface feamures sre very opaque in nawre, the transmittance
(7)) can be neglected. Also, according to Kirchoffs’ law of physics, the absorbance
(a,) is taken as  emissivin ({). Hence Eq. 4.8 becomes

p=1-G ...(4.9)

Eg 4.9 is the fundamen:al eguation by which the concepiual design of remore sensing
echnology is buill. .

If 7, =0. then p, (i.e. reflectance) is eque! to one; this means that the total energy
imciden: on the object is reflected and recorded by sensing system. The classical example
of this type of object is enow (i.e. white object).

If 2, =1, then p, =0, indiceting that whatever the energy incident on the object,
i completely zbsorbed by thst object. Black body such as lamp smoke is an example
of this type of object. Hence it is seen thar reflecrance varies from zero for. the black
body w0 one for white body.

4.7. REMOTE SENSING OESERVATION PLATFORMS

Two types of platforms have been in use in remote sensing.

(). Air borne platforms (if) Space based platforms
1. Air borne platforms .

Remote sensing of the surface of the eanh has a long history, dating from the usé
of camerzs carmied by balloons end pigeons in the eighteenth and nineteenth centuries. Later,
2 crafi mounted fystems were developed for military purposes during the early part of
20k cemiury. Ay borne remote sensing was the well known remote sensing method used
in the 1.uzl years of development of semote sensing in 1960°s and 1970°s. Air crafts
were mostly wwed s RS platforms for obzining phowgraphs. Ajrcraft carrying the RS equipment

should have maxupum stabibiry, free from vibradons and fly with wniform speed. In India,
three types of aircrafis are currently used for RS operations: Dakot:, AVRO and Beach-craft
Superking Aur 200 The RS-equipments availzble in Indie are multi-spectral scanner, ocean
cricur radiomerer, aerial cameras for phowography in B/W, colour & near infrared €ic
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B i craft_operations are very cxpensive and moreover for periodical monitoring of

changing phenomena like cr w
cnﬂﬁ(ﬂﬂ"y X - i Op growth, vegetation cover etc .
cannot _provide cost and time effective solutions - Air craft based platform

3. Space based platforms

Spacc borne remotc sensing platforms, such as a satelfite,
over airborne P"f'f‘)m‘S' It PTQVidﬁ'ﬂ synoptic view (i.e. observation of large area in a single
image). systerpauc and repetitive coverage. Also, platforms in space are very less n‘rm?-u
py atmospheric drag, due to which the orbits can be well defined. Entire earth (;r va.:"
designated portion can be covered at specified intervais synoptically, which ;s |mmv'i'l
gseful for management of natwral resources, ' =

Snle.llitc I.l is a .platform that- carries the sensor and other payloads required in
RS operation. Jt is put into carth's ‘orbit with the help of launch vehicles. ‘

© The space borne platforms are broadly divide:' into two classes
() Low altitude near-polar orbiting satellites. (if) High. altitude Geo-stationary satellites
Polar orbiting satellites :

These are mostly the remote sensing satellites which revoive around earth in a Sun
synchronous orbit (altitude 700-1500 km) defined by its fixed inclination angle from the
darth’'s NS axis. The orbital plane rotates to mainmin precisc pace with Sun’s wesrward
progress as the carth rotates around Sun. Since the position in refersnce to Sun is fixed,
the satellite crosses the equator precisely at the same local solar tme.

Geo-stationary satellites

These are mostly communication/meteorological satellites which are stationpary in reference
to the earth. In other words, their velocity is equal to the velocity with which earth rotatey
about its axis. Such satellites always cover the fixed area over earth surface and their
altiude is about 36000 km.

Landstat Satellite Programme

offer several advantages

National Aeronautical and Space Administration (NASA) of USA planned the launching

of a series .of Earth Resources Technology Satelliies (ERTS), and ccmscquently ERTS-I
was launched in July 1972 and was in operation till July 1978, Subsequently, NASA renamed
ERTS programme as "Landstat", programme, and ERTS-1 was renamed rarospectively as
Landstat-1. Five Landstat satellites have been launched so far. Landstar images have found
a large number of applications such as agriculture, botany, cartography. Civ'll'enginccring.
environmental monitoring, forestry, geography, geology, land resources, analysis, land use
planning, oceanography and water quality analysis.
SPOT Satellite programme

France, Sweden and Belgium joined togewer and povled up their resources o dc:c!ap
an earth observation satellite programme known as Svstem Pourl Observauop dela Ferre,
abbreviated as SPOT. The first satellite of the series, SPOT-1 was !.mnnh;-d in Feb 1988
The high resolution data obtained from SPOT sensors, pamely Thematic  Mapper (TAD
and High Resolution Visible (HRV) have been extensively us:d. tor Prb.xr} plannmg, urban
Browth assessment, transportation * planning, besides the conventional “application related o
Natural resources. ‘
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Indian Remote Sensing Satellites (IRS) R )
1. Sarellite for Efnh Observation (SEO-I), now called Blmkara‘l.s ;’;’ i‘:‘}f;z‘ I?;;an
remote sensing satellite launched by a soviet Jaunch vehicle from U . 9,
into a near circular orbit.
2. SEO-Il. (Bbaskara II) was launched in Nov.
3. India's first semi-operational remote sensing s
Soviet Union in Sept. 1987.
4. The IRS series of satellites launched b
IB, IRS IC. IRS ID and IRS P4.
N.
4.8. Si ;z::smmg sensors are designed to record radiations in one Or mOre parts of

spectrum. Sensors ic 1 i M radiation and generate
ect=~nic instruments that receive E!
-l vy i " variation of different earth surface features,

ic si that corT nd to the energy vana .
:r';:ﬂ:?:z::! ﬁf be rccord:c?oand displayed as numerif:al datan or an m'l!ag!',)e- dm;idi;]rmg'm
of the signal depends upon (i) Energy flux, (i) Al@de. (iir) Spectral ban .« ()
Instantaneous field of view (IFOV). and (v) Dwell ume. ) )

A scanming system employs detectors with a2 narrow field of view which S\;llccpsdacross
the terrzin o produce an image. When photons of EM energy radisied o ‘refiocts from
earth surface feature encounter the detector, an electrical signal is produced that varies in
propertion o the number of photons.

Sensors on board of Indizn Remote sensing satellites (IRS)

1. Linear Imaging and Self Scanning Sensor (LISS 1) -

This payload was on board IRS 1A and 1B satellites. It had four bands operating
in visible and near IR region

2. Linear Imaging and Self Scanning Sensor (LISS 1)

This payload was on board IRS 1A and 1B satellites. It has four bands operating
in visible and near IR region.

3. Linear lmaging and Self Scanning Sensor (LISS III)

This payload is on board IRS IC and 1D saellites. It has three bands operating
in visible znd near IR region 2nd one band in shon wave infra region.

4. Panchromatic Sensor (PAN)

This payload is on boards IRS 1C znd 1D satellites. It has one band.

S. Wide Field Sensor (WiFS)

This payload is on boards IRS IC and 1D satellites. It has two bands operating
in visible and near IR region.

6. Modular Opto-Electronic Scanner (MOS)

This payload is on board JRS P3 satellite,

7. Ocean Colour Monitor (OCM)
This paylozd is on board IRS P4 sallite. It has cight spectral bands operating in
visible and npear IR region.

1981 from a Soviel cosmodrome,
rellite (IRS) was launched by the

y ‘he IRS mission are : IRS IA, IR§

REMOTE SENSING

8. Multi Scanning Microwave Radiometer (MSMR)

This payload is on board IS 1D sateliite. This is 5
4.9. APPLICATIONS OF REMOTE SENSING

Remote sensing affords a practical means for accuy

the earth’s natural and other resources and of determin ;
. n X ‘s activin
on air, water and land. The launch of IRS IC satelli D o o of mais activides

sensors provided a new dimension and further boosted tl'xnc (. 1955) wih sws of an

: € applications of space-base
sensing wz:hnh?ogayjl fo(ri natural resources manzgement. With the unique combinz;:ion.s of '-;;I!::;c
the JRS-1 s already earned the reputation as the ‘Sarellie Jor all applications’ IRg-lelD'

carry three imaging sensors (LISS-TII, PAN and WiFS) characterised by different resolutions
and coverage capabilities. There three imaging sensors provide image data for virmuall "
levels of apphcanon_:s ranging from cadastral survey to regional andamnoml Jevel e
The LISS-IIT data with 21.2- 23.5 m resolution has signific_n:ly improved separabili 'n;appmg
various crops and vegetation types, leading to identification f small fields e 1 s e
TP, o and beter classification
accuracy. The frequent availability of data from WiFs payload has helped in monitoring
dynamic ‘phenomena like vegetation, floods, droughts, forest fire etc.. A major benefit of
the multi-sensor IRS-JC/ID payload is the capability to merge the multi spectral LISS-II
data, with high resolution PAN imagery. This merger of multispectral and high resolution
- data facilitates deta-iled land cover classification and delineation of linear and narrow roads/lanes,
structures, vegetation types and parcels of land.
A summary “of RS applications is given below, discipline wise.
1. Agriculture
() Early season estimation of total cropped area
(i) Monitoring crop condition using crop growth profile.
(iir) Ideptiﬁcatio’n of crops and their coverage estimation in multi-cropped
regions. )
(tv) Crop yield modelling
(v} Cropping system/crop rotation studies
(v) Command area management .
(vit) 'Detection of moisture stress in crops and quantification of its effect on
. _crop yield
(viit) Detection of crop violations
(x)  Zoom cultivation—desertification
2. Forestry )
()  Improved forest type mapping
(i)  Monitoring large scale deforestation, forest fire
(iiy  Monitoring urban forestry
(iv)  Forest stock mapping
(v)  Wild life habitar assessment
3. Land use and soils
()  Mapping land use/cover (level II) at 1 : 25000 scale or beter

passive microwave sensor.

rate and continuous monitoting of
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(ify Change detection
(ii)  1dentification of degraded lands/crosion pronc areas
(iv)  Soil categorisation
4. Geology )
() Lithological and structural mapping
(i Geo morphological mapping
(i) Ground water exploration
(iv) Engineering geological studies
(v) Geo-environmental smdies
(vi) Drainage analysis .
(vif) Mineral exploration
(wiiiy Coal fire mapping
(ix) Oil field detection
5. Urban Land use
(fj Urban land use level IV mapping
(i) Updating of urban transport network
(iify Monmitering  urban sprawl
(iv) Identification of unauthorised ‘structures.
6. Water resources
(i) Monitoring surface water bodies frequently and estimation of their spatial
extent
(i) Smow-cloud discrimination jeading to better delineation of smow area.
(fify Glacier inventory
7. Coastal Environmeszt
(iy More deuziled inventory of coastal land uee“on 1:25000 scale
(ify Discrimination of coastzl vegetation types.
(tif) Monitoring sediment dynramics
(iv) Siting of coastal structures
8. Ocean Resources
(7) Wezlth of oceans /erplorations/productivity
(ify Potentizl fiching zone
(iify Coral reef mapping
(iv) Low tidefhigh tide marking
9. Watershed ‘
(i)  Delincation of watershed boundaries/partitioning of micro watershed
(i) Waershed characierisation 2t large scale (size, shape, drainage, landuse/cover)
(niiy Siting of water harvesting  structuses
(iv) Monitoring watershed development
fvy  Major rniver valley projects.

(EMOTE SENSING

10. Enyimnmnl
" (n Impact assessment on vegetation, water bodies
(i) Siting applications R
(iif) ::Osn; ::vi:’;?;:ﬂ?l diversity/biosphere reserves/ecological hot spot areas /wet
11 Street network-based applications
() Vehicle routing and scheduling
(i) Location analysis—site selection—evacuation plans.
12. Land parcel-based applications
() Zoning, sub division plan review.
(i) Land acquisition
(iify Environmental management
(iv) Water quality management
(v) Maintenance of ownership
13. Natural resources based applications

255

() Management of wild and scenic rivers, recreation resources, flood plains
wet lands, agricultural lands, aquifers, forest, wild life etc.. '
(i) Environmental Impact Analysts (EIA)
(i) View shed analysis -
(iv) Hazardous or toxic facility siting
(v) Ground water modelling and contamination tracking
(vij Wild life analysis, migration routes planning.
4. Facilities management
() Locating underground pipes, cables
(if) Balancing loads in electrical networks
(i) Planning facility maintenance
(iv) Tracking energy use.
15, Disasters .
() Mapping flood inundated area, damage assessment
(i) . Disaster warning mitigation
I6. Digital elevation models
() Contours (> 10 m)
(i) Slope /Aspect analysis
(i) Large scale thematic mapping upto 1:25000 scale.

PROBLEMNMS
What do you understand by remote sensing 7 Differentiate between active and passive remote Sesing.
Explain, with the help of a neat sketch, an idealized remote sensing  System
Write a dewiled note on electro-magnetic encrgy used for remole sersing.
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Geographical Information System
| (GIS)

g

AR INTRODUCTION : DEFINITION

ﬁcographical infc_mnalion system (GIS) is an organised collection of computer hardwars
o software, geographic data (spatial as well as non-spatial) and people. designed 1o =§ficintiv
apure, store, update, manipulate, analyse and display all forms of geographically referemced
nformation. There are several geographical questions that ars 1o be answersd apparent)y
wh as () What is the population of a particular city 2 (i) How has the distribution
of urban and rural population changed between the past two decades ? (i) What are ihe
curacteristics  of soil in a particular land parcel ? (iv) Are thers any trend i the panerns
of earthquakes in India which could help predict future carthquake 7 (v) Whar are the
wchacological patterns of prehistoric land use ? (v) What are the archacological pamerss
of prehistoric land use ? The art, science, engineering and technology requured w0 answer
these geographic questions constitute what is called Geographical Information Svstem (GIS)
GIS is a genetic term, denoting the use of computers 1o create and depict digital representation
of the Earth’s surface.

Geographical information is information about geegraphy, that s wformacen ned ©
wme specific set of location on, the earth's surface including the zomes of atmosphers
Satial is often used synonymously with or even in preference to ‘geograpmcal’  Today
% term GIS tends to be applied whenever geographical informanon in digual form s
nipulated. Thus, using a computer to make a map is referred w as GIS. This eatails
wng the same computer to analyse geographical information and t© make future forecass
“ng complex models of‘ geographical processes. The carth’s mmages colletied by remote
‘nsing satellites are geographical data, but the systems that process the images we 2ot
Y be called GIS as long as they remain confined fo this particular form of daiz w oxh
0. GIS tends 10 be reserved for system that integrate remoiely Sensed duii wah other
s or ‘process data that have already been cleaned and transformed .

- Thus, Geographical Information S_vs:emsl (GIS) are decusion !}1,1;‘t'lj"’f" 'I"‘v‘“-:’:f': '\-r-i
tems for collecting, storing, presenting and uralysing geographical spasial information
R systems are spatially referenced data bases grong wsens the potentiality © controd

"qm over space, and usunlly lhl'ngh time  The basic ouiput of GIS or spaisal Jata

sl system s a map.

(25T
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““MANIPULATE &
ANALYZE

» Query

« Spatial overlays

» Butter 7ones
S Modelling

/ CAPTURE
* Drgitization, Scanning

+ GPS, Generate

\ * Conversion from digital

N, Oata y

QUTPUT
« Screen dumps
* Plots
« Post scripls

« Reports

RETRIEVAL
« Based on location

« Based on spatial criteria
« Based on atinbutes

FIG. 5.1. ESSENTIALS OF GIS

5£.2. THE FOUR M’S
There are the following four activities that urban planner or scientists Or resources
managers or others use geographic information for (Fig. 5.2) : ’
() Measurement

(i) Mapping
(itf) Monitoring
and (iv) Modelling

They observe and measure environmental parameters and develop maps which ported
the characteristics of the earth. They monitor changes in our surroundings in Space
time. In addition to these, they model alternatives of actions and process operation in .
environment. These four activities (i.e. four M's) can be enhanced by using informai®
system technologies through GIS. .

ocRAHIAL INFORMATION SYSTEM

Maagurement
Montaring
¥
Land use/Land cover

Cadastral a Environmental 2ssaes-

Agriculture MB ment, Crainaqge net-

Hydrology work model, Terran

madels, DTM atc

o, e .

Mapping
__________'_ Merelling

FIG. 5.2. THE FOUR M's.
o CONTRIBUTING DISCIPLINES FOR GIS

The contributing disciplines for the evolution of a GIS are (Burrough. 1998):

) Ggography (i)  Cartography

(i) CAD, CAC, computer softwares (iv) Automated cartography
(v Surveying (vi)  Photogrammetry

‘(vify Digital photogrammetry (viif) Remote sensing

(x) Mathematics (x)  Statistics.

Geography is broadly concerned with understanding the World and mad's place in
i, while canography_ is concerned with the display of spatial information. Surveying and
photogrammetry provide high quality data on positions of cadastral objects like land parcel
ud building, and topography. Aerial photogrammetry is one of the most powerful data-capturing
tchniques for the creation of GIS spatial database. Remote sensing is becoming an important
srce of geographical data, providing digital images derived from space and the air. Remote
wnsing provides techniques for data acquisition and processing any where on the globe

Geography Mathematcs Surveying
Cartography Photogrammetry
oo, CAD, CAC GIS Dgtal
omputer software photogrammetry
.
Automated Remata sensing
canography Statistics technology

FIG. 5.3. CONTRIBUTING DISCIPLINES FOR GIS
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—_— with GIS, remotel
at a low cost, and consistent update potential. While integrated Y sen

Y stime spatial i

imagery can be merged with other dara in 2 GIS providing mt:::rm:!‘:ta ri)nput ':if:"l';‘ﬂlmn,
CV‘I;\T\;:tT Assisted ‘Dl's:in (CAD) r;mndcs software, ldgmc:-ue;hnagcmcm S)s'lcm p(l_));pjls
1 i Data Bas Ms)
visualisation, and represeniation in 3-dimensions. ! edures for SyStem dew

contributes methods for representing data in digital form anélspr:x'slcm design yand a::ls@
and update. Several branches of mathematics arc used in o cr)form spatial data 1 ])ts!s
of spatial data, while statistics is uied to build models a P Nalysg
mm GIS

Availability of large quantities of spatial daia in
digital remote semsing imagery, ad\ancer_n:m' of C(;;I;)n o maiageient, and infrasxmqu,e
developmew, increasing demand of spatial inform el of) hese requiemetsn e oot
development parameters, Icad 10 have 2 system [0 - randle, analyse, manipy /4
(o handle such data 1o mee these demands 10 SIOTe, reirieve . a7 kn G P"_are
and dispiay the results. it requires G computer based system which is known as Geographicql
Ir;’orr_':;'mﬁ System (GIS)
5.4, GIS OBJFCTIVES o

GIS provides 2 medmum for swdying ope or more of the fundamental issues thy
anse in uong digita! information technology (o examune the Surface' of the earth or any
relawed systems. GIS offers capabilities of integrating mudiisector, multilevel anfl multi peno‘d
daizhase symem for caprure, sworage, rerieval, analysis and _dfspl.a)_’ of spatial dara. It is
a pencral purpose techmology for handling geography daia in digital form _

The following zre the GIS objectves. .

1 Mazximize the efficiency of planning and decision making.

Provide efficient means for datz distribution and handling.

Eliminztion of redundant database—minimize duplication.

Czpacity 10 imtegrate information from many sources.

Complex. znzlysis / query involving geographical referenced data to pgenerat
new ioformation. .

the form of digital acrial photograp,
uter hardware, software and softwars

W B LY 2

For zmy epplication, there ere five generic question that a GIS can answer °

(i) Location : What exisie a2t z particular location.

(ity Condition Identify location where certain conditions exits.
(iiiy Trends : What hzs changed since.

(sv) Pattern : What spatial pattern exists.

(v) Modelling : What if ... 7

Overview of Information System

The function of an information system is 1 improve one's ability o make decisio®™
At information system is the chain of operation that take us from planning the obscrvai?
and coflecuon of dats to storege wnd manipulation and analysis of data, and 10 US€
derived information in some decision making process. Fig 5.4 shows the simplified info
SySIEM  OVETVIEW.,

Gls Software

PIICAL INFORMATION SYSTEM
GeooRA 261

Planning the "
c:!:n:erv.all<)r1>_.@00"’:'6"3_’@&“‘a WI@— i
n 5 0
) -———st m%’ action Output mm-%—J

FIG 54 S[};JIPLIFlED INFORMATION SYSTEM OVERVIEW
<5, COMPONENTS OF A GIS

Geographical Information Systems have the following important components

1. Hardware : Hardware is used to store, process and display data. Hardware capabilities
affect processing speed, ease of use and types of outputs available.
2. Software : S(?ftwarﬁ are used to perform GIS operations. A software contains
pmwdu:es' for pqrformmg various tasks. .
3. Expertise : It consists of people who provide the intelli
develop procedures and define the 1asks of GIS. ,
4. Spatial Information : This represents geographic features (location and shape) associated
with real world locations and their relationship to other feamres.
5. Non-spatial Information : This consists of descriptive informaticn about the characteristics
of the feature.
These components need to be in balance if the system is to function saisfs
GIS run on the whole spectrum of computer systems ranging from portable personal comgputers
© multi user super computers and are programmed in a wide variety of software packages.
Systems are available that use dedicated and expensive work starions, with monitors and
digitsing iables built in. ;
Hardware components of GIS
The general hardware components of a GIS include the following (Fig. 55)
() Controls Processing Unit (CPU)
(i) Visual Display Unit (VDU)
(ii) Mass storage units
(@) Hard disk drives
(b) Tape drives. -
(r'v)’ Peripherals
" (a) Digitiser or scanner
(b) Printer
(c) Plotter.

alysis of da
|

gence 10 use the system.

’

There are a number of essential software elements that must allow the user to input.

"‘"e_. manage, transform, analysis and output the data The software package for a GIS
“Sists of four basic technical modules ©
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Scanner

Disk drive

FIG. 55. HARDWARE COMPONENTS OF GIS.

() Darz input and verification.
(if) Datz storage and datzbase management
(fif) Data transformation and manipulation
(fv) Data output 2nd presentation.
The details of varions GIS softwares are. discussed in § 5.11
Representation of the spatial information .
Geographical fearures are depicted on a2 map by (i) point (i) Line (if) Polygon/Area.
(i) Point feature : A point is discrete location depicted by a special symbol or label;
it has 2 single x, y co-ordinates. v )
(i) Line feature : It represents a linear fearure and has a set of ordered x, Y
co-ordinates,
(it1) Folygon / Area feature : 11 is an area feature where boundary encloses a homogenzous

and

area.
Representation of non-spatial (attribute ) information. _

Jt consists of textral description on the properties associaled with geographical entities
Anaributes are stored as a set of numbers and characlers in the form of a table. Many
anribute data files can be linked together through the use of common identifier code.

T
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Ommj_q[ng map data
! Map features are logically organised into a set of layers or th .
: : . emes r
Sorilcl‘ of the m.c'ait common considerations for organising layers are of information
() Feature type : Typically, layers are organised so that points
are stored in separate layers. ’
(ify Logical group : Features are organised logically by what they represent
(iify Intended use : Application specific. ’

5.6. TO LOGY

Geographic data describes objects in terms- of location, their atributes and spatial

relationship with each other (Topology). It is a mathematical procedure that detcrmines the
spatial relationships of features.

Area Definition : Polygons are stored as set of lines, rather than defiring polygon
as a loop of co-ordinates. Line co-ordinates are stored only once, hence =+ <=5 the storage

space.

line and polygons

Contiguity : Identification of polygon, which touch each othe:. Ti is implementsd
by finding left and right polygon of each arc and takes care of shared arcs.

Connectivity : Identification of interconnected arcs. From and To node indicate the
direction. Node coordinates are stored only once.

Advantages of topology :

1. Polygon network is fully integrated. .

2. Optimal! storage and free from excessive amount of redundant information.

3. Neighbours are identified.

4. Polygon in polygon can be represented.

5.7. DATA MODELS :

Geographical variations are infinitely complex and must be represented in terms of
discrete objects. Conversion of real world geographical variation into discrete objects is
done through data models. It represents the linkage between the real world domain of geographic
data and computer representation of these features. Data models are of two types :

(@) Raster data model ’
and (b) Vector data model
(6) Raster data model :

* Divides the entire area into rectangular grid cells.

e Each cell contains a single value and every location corresponds o a cell.

e One set of cells and associated values is a Layer.

Capabilities : ,

». Displaying layers : Each cell can be assigned a unique colour on the display.

» Local operations : Cells by cell basis. .

(i) Recoding - Assigning cells to different classes. ‘ o

(ii) Overlaying layers - Layers can be overlaid / combined on the basis of anthmetc,
logical criteria or unique combinations.

e Focal operations : Considering the neighbourhood  cells.

———
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(i) Filrermg - Performed fur smoothening or enhancement by moving the window

across the enmre raster.
() Bufier - Spread of objects spatially by a given distance .
(ai) Slope/Aspect
o Zonal operations : Group of homogencous cells
) IdertiSicasion of zomes - By identifying all patches of same value and giving
each zooe 2 unigee maumber.
(a) Area mecsuremers — Measure the area of each zone.
o Swface analysi, Visibility anahsis, Hydrologic modeling €ic.
Advantages :
o Simble data structure ; Sampling is done uniformly. (Uniform resolution).
e Spatal anaivsis is ‘tasier and faster.
o Datss are acquired in that form — Remote Sensing, Scanning.
e Most common format for darz imerchange.
Disadvantages :
e Huge volome of dazz. (though mazy be reduced by coding)
e Funess of dama is limited by cell size.
s [ess zpprecizbie ourpur
» Projection transformationc azre time-consuming.
(3 Vector data model :
o Usss discreee line segmems or points represented by their explicit x.y coordinates
w identfy locztions. 7
¢ Discrete objects (bounderies, streams) are formed by conmecting line segments.
e Arez is defined by set of line segments,
Capabilities : .
) I_J.'_'psz — Entiry znd rype zaributes can be displayed by differemt colours,
: lins peterms or symbols. '
(4} Reclazzify — areas by single zaributes, e.g. reclassify soil area by soil type only.
73] g:nsohe - bozmdzri:sbawcmmof szme type by deleting the arc between
{iv) Merge polygons imo large objects.
(v) Topological overlays — Point in polygon, Line on polygon, Polygon on polygon.
Advantages : '
(0 Less storape. .
(¢y [Edming is faster and convenient.
(iffy Appreciable outputs,
vy Estimston of arez / perimeter is accurate.
(v) Network anzlysis is fasier.
(v) Propctdon wuzosformations are easier,
Disadvantages -
(1) Owverlay based on creria difficult. () Spatial analysis js cumbersome.

GEOGRAPHICAL INFORMATION SYSTEM
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«3. DATA STRUCTURES

There are number of differemt ways to orgamise the data insid= the informarion svstem
choice of data structure may affect both : Data storage volume and prrxesc.in: ,ﬁ—,,e;,
Many GIS have specialised capabilities for storing and manipulating attribute d.at: in a;!"l':j'x
(o spatial information. Three basic data structures are - (i) Relational, (i) Hlenzr:hxcal
and (iii) Network.

1. Relational data structure — It is the most popular model for GIS. Many GIS
packages have different names e.g. INFO in ARC/INFO. DBASE Il in PC-based GIS
etc. Data are stored as simple records, known as wples. comtaining an ordersd set of
attribute  values that are grouped together in two-dimensional tbles.

() It organizes the dat2 in terms of two-dimensiomal tables

(i) Each table is a separate file.

(i) Each row in the table is a record. k

(iv) Each record has a set of amributes.

(v) Each column in the table is an auribue.

(vi) Different tables are related through the use of a comsva ientifier called

KEY. f

(vii) Data are extracted by relation which are defined by quesy.

(viif) Relation algebra to create pew tables.

Relational data structuré is time-consuming because of sequential search to find dua.

2. Hierarchical data structure — Taking
into considefation the data which have inherent
quality of hierarchy (tres structure), this database &
was introduced.

() Each-node can be  divided nto
one or more additional node. l
Nodes have only ome parent. :

(i) Stored data gets more and more
detailed as once branches further pg g6 HERARCHICAL DATA STRUCTURE
out on the tree. ) . )
(i) This data strucrure have one o many relationship.
(iv) Cannot go berween records at the same level unless they share the same
' parent.
(v Only one link between WO re.cords. )
(vi) Travel within database is restricted to path up and dowm.

Lizrge index files have o be maintained and cenain _ann‘buu value may kav x::
be repeated many times leading to daia redundancy which increases storage and acces

cost.
3 Network data structure
the exception that in this structure 2
() Each node can be divided into ©
have parent.
(i) Stored daa gets morc and mo!
the tree,

_ This structure is similar to hierarchical structure with

pode may have more than one parent.
ne or more additional pode. Nodes can

re detailed as on< branches further out on

e —— e e S Ve T
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(i)  This data structure have one to many and many to on¢ relationship.

(iv) Can go between records at the same level.

The database is enlarged by overhead of pointers. These pointers  must be updated
every time a change is made to database causing considerable overhead.

FIG. 5.7 NETWORK DATA STRUCTURE
5.9. DATABASE MANAGEMENT . .
Database may be defined 2s 2 data and information stored or as a structured collection
of interrelated information on 2 defined subject. A DBMS is a software that permits one
or more users to work efficiently with the data. The essential components of DBMS include
mezans to define database, insert mew data, delete old data, update, query and sort facility..
Generally, 2 proper database organization needs to ensure the following :
(M) Reduction in data redundancy — Same information is not stored at multiple
places and daw is shared.
(if) Datz integrity — A systein of validation checks to enforce the necessary
structure constrzints.
(iiij  Security restricions — To minimize damage to data. Of. specific importance
in multi-user environment. '
(iv) Physical daia independence - The underlying data storage and manipulation
hardware is transparent to the user.
fvj  Datc manipulation, guery facility and programming 1ools.
(vi) Daia follows prescribed models, rules and standards - To maintain consiste-
ncy in datz elements. *r
5£.10. ERRORS IN GIS

Errors in GIS environment can be classified into following"ﬁlajor groupS :
1. Error essociated with data : :

(i)  Age of data - Relizbility decreases with age.

(iy Map scale — Non-zvailability of data at proper scale o

por- i geliol prope r use of data at

(iir) Dcn.rir)_o of observations -- Sparsely dense dataset is less reliable.

(v) Data inaccuracy- positional, elevation, minimum mapable unit etc

(v) Inaccuracy of contens - Anributes are erroneously attached, .

2. Errors associated with processing

()  Map digirization errors — due to boundary location

. . e robl
errors associated with digital representation of featurc;,’ °'f‘3 on map and

GEOGRAPI [ICAL INFORMATION SYSTEM
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(ify  Rasterisation errors — due to topological mismatch arisi . i

ation by grid. arising during  approxim-

(iif)  Spatial integration errors — due to map integration resulting ‘in i

A . o spurious lygons.

(iv) Generalisation errors — Due to aggregation process when fearures L::Eyg "

abstracted to lower scale.

(v)  Anribute mismaich errors

(vi) Misuse of logic.

5.11. GIS SOFTWARE PACKAGES.
1. ARC/INFO GIS '

Arc/info is a GIS package used to automate, manipulate, analyse and display geographic
data in digital form.l It is developed and supported by Environmental Systems Research
Instimte (ESRI), California. Arc/Info is a vector based GIS package capable of handling
poth spatial and non-spatial data. It organizes geographical data using vector topological
models and non-spatial data using rational model in OBMS. The arc node and polygon
topology are organized to identify points, line and polygon relations. The cartographic data

- are them linked in the attribute data through a link item.

Arc/Info is characterised by

() TIts Data Model — supports various data models like Coverage, Grid, Tin,
Images etc.

(i) GIS functions — Data input, Analysis, Data manipulation and Display.

(ii)) Its Modular Design - Logical grouping of functions.

(iv) Ability to integrate many types of daa — Map data.. ASCII tex, DEMs ,

. Classified images, RS data, AutoCAD files, other GIS package files etc.

(v)  Utility for developing application specific user interfaces

(Vi) Macro language AML - for programming. .

(viiy Open architecture, which allows for the integration of numercus RDBMS.

(viif) “Ability to operate on many types of computers with variety of graphics
hard ware. .

(ix) Support for various Input and Output peripherals. -

Major modules of Arc/Info Functionalities : )

(D  ARC : It is the main programme environment in ARC/NFO o

(i) ADS (Arc Digitising ‘System): used for data base creation through digitization
process. o

(i) ARCEDIT : It is a unique graphic and dafatmc edmon'.

() ARCPLOT : It is de interactive cartographic and mapping 5“‘35)‘_5:’]”- "

(v) INFO : It is the comp.cw .~tional darabase manager for the mbular

associated in the map feamres .
(vi) TIN : It is a set of software programs
i ional surface for ARC/INFO. _ . '
(vif) ‘IfluEe';Wd(;l;:(mf) Netjvork forms the infrastructure of the modern vmrld [lrxa [:-
the system of interconnected linear features through “h;gl ;eég::‘.gan Km: ’
ported or communication is achieved. The ARC / IN h modu!

facilitates the modeling of spatial networks.

vsed o store, manage and apalyse
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(iin GRID : It is a raster or cell based gEOProcessing tool box integrated  with

ARC / INF s vides intoindividual locations. )
(ix) AR&\'IIE\{;O ‘:\‘::;e:'“ l::\:tu::c i:ff: s:\ﬁ\\'arc tool l(ha( creates an cnvironment
to display and querry the contents of spatial databasc.
(x) Akcrgo't.s : 1? :r)a :»enecral purpose trt‘\cnu.hascd interface to ARC / INFO
to perform common geoprocessing task with a hcm.:r speed easc.
()  ARCSTORM : Arc storm (ARC storage manager) is a geographic data stor.
age facility to manage ARC/INFO databascs intended for public use (multi-users).
(xid COGO - It is the coordinate geometry module of ARC/INFO which supports
the functions performed by land surveyors and civil engincers.
2. PAMAP GIS
The PAMAP GIS is a product of PAMAP Graphics Ltd Canada, It adop
raster as well as vector representation of the spatial elements. It uses vector for data capture
and storage and rasters for znalvsis purposes.
Mgjor modules of PAMAP GIS
(0  GIS MAPPER.
(i  ANALYSER.
(iif) INTERPRETER.
(v) MODELLER.
(v) NETWORKE.
(v) FILETRANSLATOR.
3. SPANS
Spatial Analysis System (SPANS) is a GIS package developed by TYDAC Technologies,
Canada, having powerful modelling function for application. It adopts 2 mixed vector tesselation
approach to the GIS .
Major modules of SPANS
() CORE GIS MODULE. . "
(if) TYDIG
(i) CONTOURING/DEM MODULE. -
(ivy POTMAP (POTENTIAL MAPPING MODULE).
(vy RASTER INTERFACE MODULE.
4. GENAMAP :
The Genamap packape is marketed by Gena Sys, an international developer. It handles
data in both vector and raster form. i '
£, INTERGRAPH MGE ‘

' ]mcrgrzph_ provides MGE (Modular GIS Environment) as a solution for mapping /GIS
zpplication for infrastructure environmental and natural resources management and digital
cartograph. It adopts a vector cum raster data structure for spatial data handling. -

6. ISROGIS.

ISROGIS has been df:vclop_ed by Indian Space Research Organization (ISRO). It adopts
PM qmd:rcc datz structure, which is edge based structure that decomposes the veclor in
map imo quads, and is then organized using the vector structure,

ts an integrated

RAPHICAL INFORMATION SYSTEM

GFOG w
Major modules/ functionalities of 1SROGIS

0] CREATE . For creation of maps and themes

(i) EDIT For systematic editing of spatial features.

(iiiy MAKE For providing symbolisation, annotations.

(iv) ANALYSIS For overlay analysis.

() QUERRY For obtaining-information related 1o spatial and arttrib

(viy LAYOUT For cartographic work. i

(vii) 3-D MODULE : For handling Z-axis of spatial data.
5.12. LINKAGE OF GIS TO REMOTE SENSING.

Image derived from optical and digital remote sensing systems mounted in aircraft

and satellite provide much spatial information and major data as an wput to GIS. Remote
sensing data afe a major source of data for the mapping of resources like geology. forestry

‘ 2y, A
water resources, land use and land cover. Integration of the two technologies, remote sensing

and GIS can be used to develop decision support systems for a planner or decision maker.

Remote sensing data

v

Pictorial data Conventional data

} : !

Visual interpretation Digital mage
technique processng

!

Image enhancaments

Digtai data

Drainage, Sicoe
Watershed, Contour

Key elements for
terrain analysis, Basic
elements for VIP

Landuse/Landrover

Aerial photogrammetry

soils

hydrogeomerpl vicgy.

topography, geology.

Digitisation manual

—> and computensed

Image Regstration
Image Manoutating
image Ranoning
Image Classificaton
Accuracy Assessment

Auto CAD
MCIOSI2NoN

T
.

Cenversion - Vecior io

. raster and raster 1o
GIS editing |« GISinput e ook
Data Carographk: GIS Production -
analysis »> elling & output of maps =
automating

FIG 5.8. LINKAGE OF REMOTE SENSING AND  GIS
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(i) as a source of spatial data withj,

R i ‘ :
emote sensed images can be used for two purposc y sensed data in boy,

GIS and (i) using the furnctionality of GIS in processing remotel
pictorial and digital modes., .

Remote sensing images including the information extracted from such images, along
with GPS (global positioning system) data, have become primary data sources for moderp
GIS. Indeed, the boundaries between remote sensing, GIS and GPS leclfrxology have b_ecome
blurred, and theses combined fields will continue 1o  revolutionise the inventory, mommr!ng
and managing natural resources on a day-today basis. There are tWo melhod_s of extracting
data for GIS from the remote sensing data. They are () Visual interpretation Of satellite
imageries in pictorial format, and (if) computer processing of remotely .scnsed digital data.
The output of either of these analysis methods can be considered an input for — GIS for
any kind of application. Fig. 5.8 shows and overview of the linkage of. remote sensing
and GIS.

GIS and Remote sensing zic linked both historically and functionally. EarliEf studies
on the application of GIS technique for creating decision support systems and other computer _
based spatial information extraction have revealed that 75% to 85% of the spatial data °
layers have been derived from the analysis of aerial photography and satellite image data,
As a result of this, remote sensing and GIS have become very important and have been
associated with each other. Remote sensing data can be readily merged with other sources
of geo-coded information in a GIS. Remote sensing and GIS have almost become ari unavoidable
source for cross checking or updating in digital surveying. Furthermore, the GIS software
can now accept the Global Positioning System (GPS) information in their program, as an
additional advantage. However, lo accomplish the integration of remotely sensed data into '
vecior based GIS reguire the-additions of relatively sophisticated image processing package
to these systems. For instance ARC/INFO, ARC/VIEW and ARC/GRID softwares accomplish
much of this integration Remore sensing and GIS can contribute a great deal to our study
of patterns and processes. on the surface of the earth and to create decision support
systems. :

5.13. APPLICATIONS AREAS OF GIS AND REMOTE SENSING

Sex § 4.9 )
PROBLEMS

L (@) What do you undersiznd by a geographical information sysiem ?
(h) What are the essenuzls of a GIS ?
What are the four M’s for which geographic informations is used ? Elaborate.
What are the comributing disciplines for GIS 7 ) :
What are the objectives of a GIS.
Wrnie 2 note on the components of a GIS.
Explain various types of data structures wsed in GIS.
" Emumerate vanous types of GIS sofiware packages.

Wrie a nowe on linkage of GIS 0 remote sensing,

Y% uawaw

Write a note on application areas of GIS and remote sensing.
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FIG 2.3 PHOTO-THEODOLITE BY M/S WILD HEERBRUGG LTD.

(BY COURTESY OF MANUFACTURERS)
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F]GIZ, 14 WILD RC-9 AUTOMATIC AERIAL CAMERA
(BY COURTESY OF MANUFACTURERS)

FIG. 2.2 BRIDGES-LEE PHOTO-THEODOLITE
FIG 2.15LENSES FOR WILL AERIAL CAMERAS
(BY COURTESY OF MANUFACTURERS)

(TO FACE PAGE 143)




FIG 2 48 W1 N
FIG: 2 48 WILD ST4 MIRROR STEREOSCOPE WITH PARALLAX BAR

. FIG 232 LONGITUDINAL LAP
(PHOTO BY COURTESY OF M/S WILD HERRBRUGG LTD)

(TO FACE PAGE 181)




FIG. 2.61. PAIR OF MULTIPLEX PROJECTORS
FORMING A STEREOSCOPIC MODEL (U.S. GEOLOGICAL SURVEY)

_ PE,Z_J _(FO FACE PAGE 215) 1
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F1G. 3.7. THE MODEL-4 GEODIMETER
(PHOTO BY COURTESY OF M/S AGA, STOCKHOLM)

FIG 3.8 THE TELLUROMETER MODEI. MRA-2 . )
(M/S COOKE, TROUGHTON & SIMMS LTD.)

(TO FACE PACE 227) (TQ FACE PAGE 227)
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