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Introduction to Surveying




The art and science of measuring and locating
different features on, above and below the surface
of the earth is known as Surveying

rom tarper's CE108 slidesby T.M.Al-Hussaini
SURVEYING FOR THE PANAMA RAILROAD.
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Surveying

e Can you tell
lead to final output Tw s \ what is

MAP

.missing here?




Contour Map

Can you tell
what these
1lines
§ represent?




Elevation of a Point and
Its Determination

Vertical Line represents the direction of gravity.
Horizontal Plane is perpendicular to vertical line.

Vertical Line
Horizontal Planes \

"




Horizontal Plane and Level Surface are
almost same for short distances

Level Surface Horizontal Plane

XKR.L ¥

— -SQ&QL

V %,

Vertical Line

Level Tube indicates Plumb Bob

level surface shows vertical
Air bubble in liquid direction

Out of Level




staff Determining Elevation (R.L.)

H.l. = R.L. , + S1

Level

R.L. 5 is known R.L.g=H.l.-S2

DATUM (Mean Sea Level)




Surveying Operations

Surveying Operations

Control Survey:

Boundary Survey:

Topographic Survey:

Hydrographic Survey:
Mining Survey:




Surveying Operations (contd.)

« Construction Survey:

« Route Survey:

« Photogrammetric Survey:

Astronomical Survey:




Digital Level

10



www.shutterstock.com - 51463639

Problems of Height and
Distance
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Disadvantages:

Difficulty establishing line of
sight accurately.

Low precision.

Precision is further reduced
if stake is not at same
elevation as base of the

Horizontal
angle AIB in
horizontal
plane

Vertical
angles in
vertical
planes IAA’
and IBB’

Height of Tree ?

Vertical Angle (Upward)

Verlical Angle (downward)
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A & B are Instrument
(Theodolite) Stations

i ;F‘
j E"‘@"h" All lie in same vertical

" plane.
h‘ .'.

H-hy
Y S @ 0,,0, h,, hg, tare

tong, = by BEe @ known.

0, And 0, are vertical
angles.

, -
Sive @ & @ v detremme HatL.

A & B are Instrument
(Theodolite) Stations

Assume A,B,C,D lie in
same plane

ABsim ((9— G,_)
sn/AcE

AABD=; AQD = AB ain
i [ AOB

A el =2 Ac+ Ap"’,_z.AC.AD.QnSI

& 0=
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Problem 3: Determine Aerial Distance
between Top of Towers at P & Q

A & B are Theodolite
Stations, 100 ft apart

R.L. of Instrument at A& B
are 25.2 & 20.4 ft.

Vertical angles from A to
tower top at P & Q are 30° &
25°,
PLAN wiEW
&l.: F‘v‘} d 4
—_— S - .miqc = g * '
AaPasy AP = olel disknce Ty,
Sm4s° T Smse
< APz Sim4s”
AA") . ‘h_?z » 8"-3"
M! = 100 5 3MmN2®

’
Sem13% = 91217
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Problem 3 (Contd.)

APy, Pa>= AP, RQ*- 2.AP.Ag. cn LPAP
< Pg = Ro9.33/
‘ h ho=81314tn30”
8w 41217 ] hg= 192.2¢/
2 Top of douer ok Pie 2721 nighte tham top

."M“*q o

Aevial Jdishmen, 2""‘3'.\“

P’ q" = fabﬁn)'q-(zu-zg—" ‘ 809-;?\‘3
e | r.?‘

= 85516 §t,

Computation of Area
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STRAIGHT BOUNDARY

Area of Polygon = ?
You have only tape
and can measure
only length.
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STRAIGHT BOUNDARY
(Co-ordinate method)

Area of Polygon =

72 [X4(Y2Ys) + Xo(Y3-Yq) t....
+ X5(Y1-Ya)]

Assignment:
Derive above expression.

CURVED BOUNDARY
(TRAPEZOIDAL RULE)

Ordinate/Offset

= Tvopezeidal Rule: \ A

ns r:'lps

A o)t deap.... o4 % .




(TRAPEZOIDAL RULE)

IRREGULAR SPACING OF
OFFSETS

B~ BALANCE + AREAS
& - AREAS

(SIMPSON'S RULE)

Ordinate/Offset |+ © @ ='ips €¥im

Cageme PN

e\é
A= 2 (qt40+0)) L1,
2d s
& ""—(o:." 4o3+q‘)+ o Base line

= % [°°+ 4(0‘-!-034..-"--)'.' 3@;" 04+.....)+03

‘Pot'fo-‘oo\ra ASSwmtc; &fatﬁ\ }DO-"'A'S 62L)C'
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COMPUTATION OF AREA FROM MAPS

(1) Division of Area into simple geometric figures

(triangle, rectangle, parallelogram, trapezium, circle, etc.)
Balance + Areas and — Areas if necessary.

(2) Subdivision into Squares
Area = No. of squares (including fraction) x
Area of each square [y RN

(3) Mechanical Method:
Use of Planimeter

A Planimeter is a device
the determines area by
tracing the boundary on a
map with a tracing
needle.

Accuracy very good

Peforms mechanical
integration.

Two types:
— Mechanical
— Electronic

httpe/ fupload wikimedia.org
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(4) Modern Method: Use of Digitizer

+¢ This method requires a
machine called a
digitizer, which obtains
co-ordinates from map
and saves it as digital
data in computer.

¢ The operator moves a
special mouse or pen
around the map and
activates the mouse at _ ittt v aaasafisom
each desired location.

« Computer records x -y

coordinates of each
location.

CROSS-SECTIONAL AREA

1. Level Section:

- T.L. & G.L. are beth horizontal.
- Area = (b sh)

2. Two-Level Section:
*  Ground surface is inclined.

Aren = Kb+ ) 1 (b 251, - )

1 + # 4y

- ~2-b(ln, + )+ shh/ .

_ Fr*bhi+5.056) + rish’ e b,’= rh—05b & b= rh+05b
L rt—st r+s r—s
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CROSS-SECTIONAL AREA
(In Hilly Terrain) Y ._

3. Side-HiII Two-Level Section:

+ Two-revel secticn consisling of both cut & fill.
< AreaofTill
= ln:(ﬁu o) 1{———(0'5'5"""] }
2 N2 / 2 r-s
- Areaof Cul
_ 1k _1{(05b+ ri)’
_—2_1"(“2-4‘“&) —5{ r—s asbith
-5

| £
W=05b-ch ¢ h;-
-5

Computation of Volume
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VOLUME OF ROAD EMBANKMENT

Road surface i.e.,
L is horizontal Cross-sections A1

\ > Area A,

& A2 are vertical

Area A2 VOLUME = ’?

COMPUTATION OF VOLUME
USING CROSS-SECTIONS

Basic Assumptions:
» Cross-sections are parallel

 Surfaces bounding the volume are plane
» Consider volume as prismoid

Two Approaches:
* Apply Prismoidal rule

* Apply Trapezoidal rule and then apply
correction. Why??
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PRISMOID

A solid, bounded by two parallel plane ends having the
form of polygons, joined by longitudinal faces which are
plane surfaces.

The longitudinal faces will be plane if the sides of the
end polygons are parallel.

The dimensions of middle section midway between end
sections is average of dimensions of end sections

VOLUME BY PRISMOIDAL RULE

Volume of earth between two successive cross-sections A; &
A, at distance L apart, is considered as prismoid.

Volume of prismoid, V= L/6 [A+4A +A,]
where A, is cross-sectional area midway between A, & A,.

Note that although linear dimensions of mid-section is
average of corresponding dimensions of end areas, in

general, A_ # (A+A,)/2

This formula is exact when the solid consists of prisms,
wedges and pyramids only.
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VOLUME BY TRAPEZOIDAL RULE

Volume of earth between two successive cross-sections A; & A,
at distance L apart is calculated as: V1 = L/2 [A;+A,]

This formula agrees with prismoidal rule only if A, = (A+A,)/2

This formula is exact when the solid consists of prisms and
wedges only. It cannot calculate the volume of pyramid correctly.

If trapezoidal rule is used, prismoidal correction must be applied.

&S

PRISM  WEDGE PyRAMID

PRISMOIDAL CORRECTION
(Level Section)

Prismoidal Correction is defined as C, = V; -V

1. Level Sections:

V, = %[A, +4A4_ + A,]

(A5 e i) -

= T ..“I ™ t
V,=£[A,+f1‘] Embank men
2 A, = (b+sh)h,

o I

‘ h + b, h+h]’
Ls Y B T B Y B Tl
C,=VF—V’=?[}}|—~I|2]: b[ 2 )+“{ 12 ;
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Problem 1: Determine Volume of Pond
by Prismoidal & Trapezoidal Rule

Top and bottom planes of pond
are horizontal & parallel, its
volume may be considered as
prismoid.

Aptiom = 20 X 12 = 240 m?
Ay =28 x 36 =1008 m2
V; = 4/2 [240+1008]= 2496 m?

Amg =28 x 20 =560 m?
Note: Amig # (Avotom * Awp)/2 V= 4/6 [240+4x560+1008]
Vi>Ve = 2325 m?

Problem 2: Determine Volume of

Earthwork for Road Embankment

F.L.=15ft. (road top) Width at F.L.= 30 ft. Side Slope=2H:1V

Ground is level across embankment width Level Section
G.L. of centreline at Chainage 0, 100, 200, 300 ftis 18, 13, 12, 13 ft respectively.

Ch. |G.L. |EL. |h(ft) |A Remarks
f | d) | (sft)
L
0 18 15 3 cuT - FILL
GL
15
15 FILL
15 FILL
15 FILL

What is the Cross-Section at Ch.0 G.L.
like? Cross-Section at Ch.100

Elevation along length




Problem 2 (Contd)

U The earthwork consists of both Cut and Fill. These two
types of volume should be calculated separately.

QO Consider Volume between two consective sections as
Prismoids. Can you tell how many Prismoids in this problem?
U For each Prismoid, calculate volume by Trapezoidal Rule
first, then apply Prismoidal Correction.

Volume (CUT) between Ch.0 & Ch.L,
L=L,=
=3 ft, AreaA, =(30+2x3)3 = 108 ft?
h,= , AreaA,=
Volume V; (cut) = L (A +A,)/12 =
Prismoidal correction C,, (cut) = Lys(h, -h,)?/6 =
Volume V, (cut) = V; - C,=

Problem 2 (Contd)

Volume (FILL) between Ch.L, & Ch.100
L =100 - L,

h,= , AreaA,=

h,= 2ft, AreaA,=

Volume V; =L (A+A,)/2 =

Prismoidal correction C, = Ls(h, -h,)%/6 =
Volume V,, (fill) = V; - C, =

Volume (FILL) between Ch.100 & Ch.300

Assignment:

Apply Prismoidal Rule directly to compute volume and compare.
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Volume from Spot levels

O Area is divided into several _- Ground level

0 Basic assumption: A plane : Formation

surface passes through the
corners of each square or
triangle. Volume within each
square/triangle can then be
considered as a prism.

O Volume of square prism =

-
b——

Aht_._,; ,.1

~

oy
., CUTTING

Plan Area x Average depth at four

corners [Note that depth must be perpendicular to the Area]
U This method is convenient in determining volume of excavation

or filling in an area, where existing ground level is raised or
lowered.

Problem 3: Determine Volume of Land-Fill

PLAN (R.L. shown)

Assignment:
Consider triangular prisms

instead of square prisms.
Is there any difference in
Volume? Explain why?

Existing G.L. (m) of Grid Points are
shown in figure. Each square is 5 m x
5 m. This land is to be raised to an
elevation (R.L.) of 10 m.

Consider Earthfill to consist of 4
Square Prisms. Vertical height of
prism at four corners is obtained from
difference between G.L. and F.L. The
cross-sectional area of the prism is
the plan (horizontal) area which is
perpendicular to the height.

Volume of Earthfill = %2 x 5 x 5 [2+1+3
+2+3+2+2+3+1+2+2+2+2+2+3+1] =
206.25 m?3
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Problem 4: Determine Volume of
Excavation by Prisms

Ground surface is sloping in one
direction. So, top plane (EFGH)
and bottom plane (ABCD) of pond
are not parallel. Hence prismoidal
rule cannot be applied.

Depth of pond = 8 ft (above AB)
Depth of pond = 18 ft (above CD)

SECTION Ground slope = 1V:15H along AD
=18 + X or BC but horizontal along BA or
'S CD. Side slope of pond = 1V:1.5H.
Bottom dimensions 150 ft x 100 ft

Problem 4 (Contd.)

While bottom ABCD dimensions are known, top surface EFGH
dimensions need to be calculated. Determine horizontal
distances GH=160 ft, EF=121.82 ft, F"G"'=190.91 ft

The total pond volume is considered to consist of two triangular
prisms EFGHAB on top of ABCDGH. The edges (height) of these
prisms are horizontal, so the cross-sectional area must be
vertical (consider vertical plane BCG'F’). For Prism EFGHAB,
triangular area BG'F’ and for prism ABCDGH, triangular area
BCG' is the required cross-sections.

Volume of prism ABCDGH = %2 x 150 x 20 [100+100+160]/3
Volume of prism EFGHAB = %2 x 8 x 190.91 [100+160+121.82]/3
Total volume of pond = 277190 ft3.
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Curvature Correction for Volume

O Assumption in Prismoidal formula: cross-sections are parallel,
this is true for straight embankment or canal.

O When the centre-line of an embankment is a circular curve,
cross-sections are along radial lines, hence cross-sections are
no longer parallel.

O To account for the effect of curvature, a curvature correction is
derived using Pappus theorem which states “Volume of solid
formed by rotating a plane figure about an axis is equal to the
area of the figure A multiplied by the length of path L traced by
the centroid of the area”.

U Let us consider an embankment with uniform cross-sectional
area A curved with a radius of curvature R. L is length along
centre-line between two cross-sections. Let us determine the
volume of this curved embankment using Pappus’ theorem.

Curvature Correction (contd.)

The centroid of the cross-
section (as for example two-
level section) is at a horizontal
distance e from the centre line
toward the centre of curvature
(see figure).

Uncorrected Volume = AL
Radius of path of centroid = R-e
Length of path of centroid, L' =
(R-e)L/R

Volume (using Pappus theorem)
= A(R-e)L/R

Curvature correction to volume
=A(R-e)L/R - AL = -AelL/R
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Curvature Correction (contd.)

Q If centroid of cross-section lies on centre-line (such as level
section), no curvature correction is needed.

Q If centroid of cross-section and centre of curvature lies on
same side of centre-line the curvature correction is negative and
vice-versa.

Q In reality, the cross-sectional area A varies, then either of the

two following approaches may be followed:

(a) Determine A and e for each cross-section and use the mean
value 0.5(A,e,+A.e,) in place of Ae in the expression for volume
correction £AeL/R. Calculate volume using prismoidal formula as
if cross-sections are parallel and then apply volume correction.
(b) Correct each cross-sectional area A for eccentricity e.
Calculate A,(1xe,/R) instead of A,, and A,(1+e,/R) instead of
A,, and use these corrected areas in the prismoidal formula.

Problem 5: Determine Volume of Earth-
Fill to Construct a Dam

R.l;-.-ﬁ-& First draw contour lines for top
5 = surface of dam which is shown by
3 Ty dotted lines.
Verhcal sutin of oun Apply Trapezoidal Rule for volume
between horizontal sections.

—— Ground surisce

—=== New saffoce
A5 represents dam top surface at
elev. 73 m, A,, represents
horizontal surface at elev. 70 m., 3
m below.

T

il

Volume = 3(As5+A;0)/2 +
omd

30



Let us start thinking
about the earth, the sun,
the stars and their
relative motion

Astronomical Surveying

31



Astronomical Surveying

Branch of surveying that deals with the
observation of celestial bodies (sun, stars)
for determining the absolute location of any
point or the absolute location and direction
of any line on the surface of earth and also

for detrmining time.

Celestial Sphere

Imaginary sphere on which the distant stars
appear to lie with the earth centre as its
centre. The concept of celestial sphere is
useful, because the surveyor is concerned
with the angular position of the stars only
and not with the actual distances.
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Celestial North Pole

Celestial
Sphere

Celestial South Pole

Z Observer’s

North Meridian

Celestial Zenith

Celestial i Morth Celestial Fale
Sphere e

Observer
B3 e
Dec 3377 M8
Lat W

éSnuthelesﬁalPa]e
Latitude = Angle between
zenith & equator

Observer in the
Northern hemisphere,
Celestial North Pole
(CNP) lies between
North Point (N) and
Zenith (2)

What happens when
observer is in Southern
hemisphere? Draw
your figure to find out.
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Observer’s Meridian

Great Circle passing through zenith (2),
celestial north pole (CNP), celestial south pole
(CSP), north point (N) & south point (S).

Great circle may be conceived as a plane
passing through the centre.

Observer’s meridian represents the vertical
plane at the location of observer in the north-
south direction

Prove: Altitude of Pole (ocp) =
Latitude of Observer’'s position (0)

Observer’s
Meridian

34



1. Horizon System (Altitude & azimuth System)

Azimuth (A):
- Angle measured in horizontal plane.”
- InNorthern L-emisphere, measured from o
Nerth eastward or westward (00 lo 1300) ZENITH
- In Southern hemisphere, measured from
South eastward or westward (0° to 180%)

Altitude («):

- Angie measured in ver'ical plane.

- Measured from horizon upward (0° to 90°%)
Altitude of Zeni. . is 20°. - .

- Zenith Distance, z=50° - & South

e It is casy lo visualize these coordinates in the sky. These coerdinates can be
directly measured with simple instrume::ts.

o Disadvantage: These coordinates are dependent on the observer’s position.

e Azimuils and altitudes of celestial bodies are continuously changing with time
because of apparent daily motion of the celestial sphere.

2. Independent Equatorial System

2. INDEPENDENT EQUATORIAL SYSTEM: Dedinalion

Right Ascension (R.A.):

- Angle (range: 0° to 360°) measured in equatorial
plane, eastward from 1st Point of Aries (), the
point waere the su.1’s centre crosses the celestial
equator moving from south to north of equator.

Declination () :
- Angle measured north (N or +ve) or south (S or -ve)
of equator in a plane (Plane of Declination Circle)
normal to equatoria: plane. Range: 0° to 90°

- Declination of Celestial North Pole is 90° N. *‘

- Polar Distance, p=90°-§ 23

st pomt

of L|bra -ﬁ’
i

1st point
of Aries

e These coordinates are independent of observer’s position. cef

e Used in star catalogues and maps.

e Declinatior: and right ascension of the distant stars are nearly constant. They
may, however, be subjected {o small annual changes.

e Declination and right ascension of the sun changes significant!y with time.
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Independent Equatorial System (contd.)

North Celestial Pole
Line of constant
Declination

Ecliptic
(Apparent

Source: website
Steven Schimmrich Vernal Equinox

(18t point of Aries)
South Celestial Pole

Solstice & Equinox

North Circumpole
(N. Celestial Pole)

Celestjy E‘Illat (4) Autumnal
Op .21)

Summer
1e2

2) X
(March 21)

South Circumpole
(S. Celestial Pole)
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3. Dependent Equatorial System

(Hour Angle and Declination)

Observer’s NP

o The Hour Angle is dependent on observer’s position. b

e H.A. of a star at a location changes continuously due (o earth’s diurnal motion.

e H.A. of stars observed daily at convenient times at Greenwich throughout the
year is reported in star catalogues.

4. Celestial Latitude and Longitude System

Gt
4. CELESTIAL LATITUDE & LONGITUDE SYSTEM: Q.\f-'\ EACTN p
Celestial longitude (¢):
- Angle measured in plane of ecliptic, eastward
from 1st Point of Aries (Range: 0° to 360°)
Celestial latitude (0):
- Angle measured in plane normal to plane of
ecliptic. (Range: 0° to 90° N or S of ecliptic)

3. DEPENDIINT EQUATORIAL SYSTEM:  Meridian Z
Hour Angle (H.A.):
- Ang'e measured in equatorial plane, westward N /u
“fro'n south (Range: 0° (0 365°) ey,
Declination (©) : ......... describec above N, s
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N.P.

66.5"N T Arclic Circle =
Tropic ol Cancer

23.5°N
uﬁ{'ﬂ"‘

Torrid Zone
(Hottest)

Tropic of Capricom

0=0°

235°8

66.5°S Antarctic Circle

S.P.

Great Circle: Circle formed on the surface of sphere by plane passing through
the centre.

Meridian: Half of great circle joining the poles which is perpendicular to the
equator

Longitude (¢): Angle measured in equatorial plane. Range 0° to 180° east or
west of Greenwich Meridian.

Latitude (0): Angle measured in plane normal to equatorial plane. Range 0° to
90° north or south of equator.

Latitude Longitude

Frime /Greenwich

Maridisn/ Meridian

Source: website of
Steven Schimmrich
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Parallel of Latitude: Small circle parallel to plane of equator where latitude is
constant. Tropic of cancer, arctic circle etc. are parallel of latitude.

Distance (n.m.) along Parallel of Latitude = Difference in ¢ (min) x cos(6)
1 nautical mile = 6080 ft (Arc length on great circle creating 1 min angle at
centre of earth.

Earth is not a perfect sphere, it is flattened at the poles and bulged at the
equator:

Equatorial diameter = 12756.8 km

Polar diameter = 12713.8 km.

Polar axis: Earth is continuously rotating from west to east about an axis
joining the poles called the polar axis.

ORBIT OF EARTH

U The earth moves eastward in an elliptic orbit completely around
the sun in a year maintaining an angle of 23°27' between its orbit
and the equator. That is the reason, the ecliptic (apparent path of
sun around the earth) makes an angle of 23°27’ with the equator.

U The axis of the earth remains practically parallel to itself as it
moves around the sun. The distance between the earth and sun
varies between 147 million km (Jan) to 152 million km (July).

O The declination angle of the sun is therefore continuously
changing from 23°27'N (June 22: Summer Solstice) to 23°27’'S
(Dec.22: Winter Solstice). It is zero on Sept.23 (Autumnal
Equinox) and Mar.21 (Vernal Equinox).
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ORBIT OF EARTH (Contd.)

VERMNAL
EQUINOX

(MAR.2I) /7
"-.--__—— @
,’\‘:‘G ‘s“

- 270
;
SUMMIA e’
SOLSTICE o /[JUNE 22)

WINTER SOLSTICE
//(DEC.22)

(SEFT.23)

ORBIT OF EARTH (Contd.)

h's Orbital Motion
05 R. L. Mchlish, A1 ri
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SEASONS: DAY & NIGHT

June 22 [ Bsu=2327'N] R O Dec. 22 | Ssun=23°27'8 |
55 . Sfpe

(SEPT 23)

LA

Sun’s rays
e

e On June 22 (Summer Solastice in Northe:n Hemisphere):
At Equator: Day = Night =12 hrs. North of Equator: Day > 12 hrs.
North of Arctic Circle: Day =24 hrs. South of Antarctic Circle: Night =24 hrs.
e It is warmer in summer due (o: (i) Days are longer (ii) Intensity of sun energy
falling on unit area of earth surface is larger.

On Dec 22 (Winter Solstice in Northern Hemisphere):
It is winter in Northern hemisphere while summer in Southern hemisphere

SEASONS: DAY & NIGHT

Orbit of

earth

www.salisbury.edu
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Apparent path traced by a star due to daily rotation
of earth about its own axis

At Pole At Equator

Zenith Zenilh Div.nal

Al lhe E uatpr,
e e

Diurnal Circles Are
Perpendicular to the
Horizon

ce\us!laI‘ 4 Equalo,
"-ﬁihé’: ey
3 S

Al lhe Pole, Diurnal Gircles Celeslial
Are Fara‘ﬁ;r to the Horizon Equalor

e Diwrnal civcles ave ram“g] o eqpater amd novemal
o earb's ans g; <o e (Fﬂlad a.;t"m)

Observer at Northern
¢ Each star crosses the observer’s

meridian twice each day — these two points Hemlsphere

are known as transit of the star Elsewhere, Diurnal

Star at Upper Transit — Altitude maximum (. Circles Are Oblique

Star at Lower Transit — Altitude minimum
(cannot be seen if below horizon)

Circumpolar Star: Star that is always
above horizon and thus never sets

Required Condition for circumpolar star:
Declination (3) should be greater than co-
latitude (90°-0) of the place... PROVE
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Problem 1: 2D Problem on Transit

Altitude of a circumpolar star at upper transit is 80° and
south of zenith. At lower transit, it is 10° and north of zenith.

Determine latitude (6) of observer and declination of star (5).

Draw observer’s meridian, start
with horizon NS, zenith first, ...
then transits...then equator N'S’
NL =a, =10°

SU = o, = 80°

Note that PL = PU (star is always
equidistant from pole)

LZ =90° - 10° = 80°

ZU =90° - 80°=10°

LU =

PU=PL=

Spherical Trigonometry

Spherical Triangle. Triangle formed on the surface of
sphere by parts of three great circles. The spherical
triangle ABC has three sides (a,b,c) and three angles
(A,B,C) all of them represented by angles.

Spherical side: The three arcs forming the spherical
triangle. Each arc is represented by the angle formed
by it at the centre.

Spherical angle: The angle between the tangents at
each corner point of the spherical triangle
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PAB is a Spherical
Triangle. The
spherical triangle
ABC has three sides
(p,a,b) and three
angles (P,A,B).

Shortest distance between A (¢=120°W, 6=23.5°N) and
B (¢=70°E, 6=23.5°N).

Shoetest distance will be aleng a

great circle AB,

PAG is a S?Heﬂ'ca.l “‘filmsle_

b=Aw AP= 96%23.5% ((.5°

Az Avce BF = 90‘—23'5'°: GG'SO} $P"€"‘¢ﬁ| SHQS

Spherical anjie.b ok P = Difference in lmﬂihée: .)
P = 36 on°+1o‘) = 130° (180

top = P aina wink + @atob = - 0667
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Consideri':s Tadive 4 eari., = 6370 km

Acc AB = 13199 , 2ax6370 = 14634 ko, “Ans
360 Sl e
Divechon o; Al 'fvoh A :
o027
'kw-\. M = m-a%_t-’ P Ono. & eHER
z o ass c.nk/,_ Cm“-s"&t gY. =

"

=
- 220 s q2°
tan A0 - ain 8E “k%

A = ©
z Ain BED
- [-]
A=z3 - i?.‘ 4"1 N‘i‘x&i‘ €

Dicecken o 0 ‘frvv;\ A = ;
Diceckion it A ‘f"“."‘E = N4
Distance ..\.“3 ?Mqllgl _q[ \d-vl“'\ndei

= ox ée & = .m, = 7339 L
A>8 = (F0x¢e) wm 235° = 935y n 39 km
Ca'rh‘:afe

Q-(} At Lens,: E::I.’ Lat.= 53“3‘;“ s Altitude @fter all
emul-im;) of soN at 2:12 pm is zz:sn'qg.sf{ At G.M.N.
Sgun = 3°25'S decceaming ot vate of 1'/ne. WCB, at
obseevation - 226"50". Determine () Pzimuth o Sun ot cbse
(%) Angle betrueen True Nerk, & &3._,.1-.',_ N oty

GQMT, at time of cbsewakion

ZlhiZm+lh =154 12w
whichis 32h after G.M.N.

&= 3°25- 1’x32
=3%%%"s (qw)
At observolm, sun is ok %
Given: 2s’z 53°30’
XY = 0y = 22:53°

S?heﬂ'c‘l Tranale Pax,
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Spherical Tﬁ““&" Pax,
PZ= 9~ 53:5°- 3¢5°
2% = 90°- 22:53%= 67-47°
Cn 2 = @ Pr- (P2 w2X

AP . am TR

L2 = 13186° = I'llafl’!?-]” " i

Azimuth °s‘, Sisl % ‘-”tslfz.’.,‘(f west = u;'“:t:te‘&

Px= 90°+ 3.36"=93.36°

= —-0667

131051'231"+ 22¢° 226°50” = 358%)'27. @sep)
W *—measured wrt, megneRc norkh.

. Angle Magnehic Nectn mekes "'"-“‘* "y

Teae Nerh. = 3¢6-358%1'27."

°18'329” E

Measurement of time is based on observations of celestial bodies which

appear to revolve round the earth due to earths rotation about its own axis

- Sidereal Day: Time interval between two successive ¥l X'
upper transits of 1st point of Arnes (Y).
- Local Sidereal Time (L.S.1.) = (HLA.)x
_(RAlni H A')Jﬁ’ N.;'I

In Northern Hemisphere, upper transit of star will be \
between CNP and S'(Explain why?) \
At upper transit, (H.A.), =0

Hence, L.S.T.=(R.A)), when star is at its upper transit

- Sidereal time is, thus, determined by observing transits of stars of kno\m .

- Sidereal time is continuously monitored in astronornical laboratories 2o 1-111114de by
sidereal clocks which run about 4 min. faster than ordinary clock in a day.

- This ume is used for checking standard time clocks.

- Although sidereal time is suited for certain activities in the observatories, it is not

- useful for civil use.

It is convenient to use the sun as the time reference, since our daily affairs are governed
by the sun.
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2. APPARENT SOLAR TIME

Apparent Solar Day: Time interval between two successive lower transits of the sun
AST =(HA)sum+ 12hr =0 hr at midnight (lower transit)
=12 hr at noon (upper transit)

Apparent solar time is based on obscrvation of sun’s centre and may be measured by
SUNDIAL
Apparent Solar Day > Sidereal Day

by about 4 minuies.
Reason: Earth has to rotate an additional angle
(close to 1%) from one noon to reach the rext
day’s ncon after one complete rotation. This is
due to the movement of earth arourd the sun.
(see figure)
Disadvantage of apparent solar time:
Apparent solar days are not of constant length due to two reasons:
(1) Variable speed of earth in its orbit around the sun, depending on distance between
earth and sun
(2) Inclination of the apparent sun’s path (ecliptic) W the equator. The projection of the
apparent movement of sun with respect to earth on the plane of equator 1s consequently
non-uniform.
In other words, the ‘3.“&"1{ change of right ascension (R.A.) of sun is nonuniform due
to the above two reasons.
Note that the sun does not move, but the earth moves round the sun in a year.
To the observer on the earth, it is like an apparent motion of sun around the earth.
The difference in duration of the apparent solar day and the more nearly constant
sidercal day depends on the daily chunge of the sun’s right ascension

Apparent Solar Day vs. Sidereal Day




Mean Solar Day: Time interval between two successive lower transits of mean sun.
Mean Sun: Imaginary sun considered to move at a uniform rate along the equator (i.e.,
rate of change of R.A. of mean sun is uniform), completing its circuit (orbit) in the
same period of time as required by the real sun to complete its apparent circuit.
Mean Solar Day = Average of all Apparent Solar Days of the year.

Mean solar days are equal. Hence clock running at a fixed speed may be used.
Standard clock time is based on mean solar time.

AS.T=MHA)of mean sun 12 hr = 0 hr (lower transit of mean sun)

2 — = 12 hr (upper transit of mean sun)

Note that 0 hr (midnight) and 12 hr (noon) of mean solar time generally do not agree
with the midnight and noon of the apparent solar time (real sun). i
AM:0hrto 12 hr PM.: 12 hrto 24 hr

- Greenwich Mean Time (G.M.T.)
= Mean Solar Time at Greenwich Meridian (Mendian through Greenwich, England)

- Local Mean Time (L.M.T.) at another Meridian
=GM.T. - West Longitude
=G.M.T. + East Longitude

Standard Meridian:

A particular meridian selected to represent the same mean time for the whole or part of
a country. Such a standard meridian lies an exact multiple of half hour (7.5°) from
Greenwich Meridian. One country may have one or more standard meridians. Standard
Meridian for Bangladesh is 90°E,

Standard Time:

Mean Solar Time at the Standard Meridian. This tme 1s maintained throughout the
whole or part of a country. Standard clocks that we use maintain this time.

EQUATION OF TIME (E.T.):

- ET.=AST -MST

- E.T. is continuously varying and is the result of nonuniform apparent solar day
throughout the year,

- ET. varies from -14m 20s (Feb. 12) to + 16m 23 s (Nov.4) and is zero four times in a
year. -
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Nomenclature used for Time
1st Letter:

L=Local, G=Greenwich

2nd Letter:

S=Sidereal, A=Apparent (solar), M=Mean (solar)
3rd Letter:

T=Time, N=Noon, M=Midnight

L.S.T: Local Sidereal Time. (Sidereal time)

L.A.T: Local Apparent Time. (Apparent solar time)
G.M.T: Greenwich Mean Time (Mean solar time)
G.M.M: Greenwich Mean Midnight (Mean solar time)

EQUATION OF TIME (Contd.)
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Fig. 1°33. The equation of time : The correction to be added to
the mean time to obtain apparent time.
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T
ECLIPTIC “'FQUATOR

- 7]
C =MEAN SuN
Mag-z)
Fig. 131, Effect of otliquity of the ceiiptic.

(ii) Effect of Ellipticity of Orbit on E.T.
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Fig. 1°32. Effect of ellipticity of the oroit.
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L.M.T. = 10h20m30s at $=60°18'E. Equation of time at

G.M.N. is 5m4.35s decreasing at a rate of 0.32s/h. L. A.T.=?
G'O.lﬁ'e-. = Gk lwm I2s e "
&.MT. = L.MT. - Sast long. = 10h20m 305 = &hlmiZs = €117 18s
Time before @M, = 12h=EhIImIBs = ShASmate

Greenaich ot = G TR W
Nasn,

ET. ot G.MN = Sm 4358
. ET. at iastant of cbservation = Sm435s + 032 »5¢72s
=6wm 6'17s

L.AT = LemT + ET.
loh 2owm 305 =+ Sw 6178

joh 25m 36l7s

(1) Correction for Parallax

= g@h‘“ﬂb },.-aa d.omua:Fm
i«h‘s corive 2 from obseraion v
Pa=x Sp, = o5,
h“““rg
A OS, i
AAS, , TR Sim(9039)

I uhave avense
= L wd = bt vo-l--*‘%ﬁﬁS'S”

b, (A cecedion)

L)
A= A
Parallax error negligible for distant stars, important for sun.
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Astronomical Corrections (Contd.)
(applicable to Altitude readings)

(2) Correction for Refraction
(due to refraction of light ray in earth’s
atmosphere)

- .{.&C&\Hm Agfoﬂdﬂ o’ :

(1) Tempasadnte Cn)ﬁnrchma;;t__‘,me

Ui'.)ﬁ.-a}n‘uewﬁ. ) B J
e ‘58”(#\'0’\
Appex- “(w) 294! +-—"""% S o F “5:‘ "‘::j:‘

.o*w*“"”; cerain der bma & —
maf ] 33’&6\!\2\“:1,_«_‘)

< o = :
o= A= Pe QS-HW‘““- crecndrion,

Refraction error applicable for all celestial objects.

Astronomical Corrections (Contd.)
(applicable to Altitude readings)

(3) Correction for Semi-Diameter of Sun
Readings are taken at edge of Sun, not at centre of Sun.
For altitude readings are taken at lower edge or upper edge of Sun

(4) Correction for Dip of Horizon (using Sextant)
Altitude readings from ships in the sea are taken by this optical
instrument called Sextant with respect to the apparent horizon
instead of the horizontal plane. There is a vertical angle between the
horizontal plane and the apparent horizon. This instrument is still

being used, | recently saw it (probably first time in my life) during a
visit to a modern Navy ship.
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