Prof. Swapnil Patil
Unit-1: Indian Knowledge System of Mathematics

1.1 Ancient Indian Arithmetic from Lilavati Samhita by Bhaskaracharya-II

Notes in English
Indian Knowledge System of Mathematics
Ancient Indian Arithmetic — Lilavati by Bhaskaracharya-I

e Lilavati is a famous mathematical text written by Bhaskaracharya (Bhaskaracharya II,
though sometimes referred to as Bhaskaracharya I in common language).

e It was written in the 12th century CE.
e The book is named after Bhaskaracharya's daughter, Lilavati.

e It covers various arithmetic concepts in poetic form, making mathematics interesting
and easy to understand.

Key Contributions from Lilavati
e Basic arithmetic operations: Addition, Subtraction, Multiplication, Division
e Fractions and their operations
e Rules for square roots and cube roots
e Simple and compound interest
e Problems based on geometry, mensuration, and algebra
o Use of real-life examples in mathematical problems
e Focus on mental calculations and logical thinking
Importance of Lilavati
o Showcased the advancedunderstanding of mathematics in ancient India
e Influenced scholars and mathematicians in India and abroad
o Demonstrates the integration of art (poetry) and science (mathematics)

e Encouraged education of women, as Lilavati herself was inspired by her father's work

Notes in Gujarati
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1.1.1 Arithmetic Rule: Sutra (Verse 1) — From Lilavati

Sanskrit Shloka (Verse 1)

o) diaradn: tRIsgs: @ Tora|
TUTH YRRTUT T WYl

Notes in English

Meaning

Page 2 of 56



Prof. Swapnil Patil
Unit-1: Indian Knowledge System of Mathematics

"O beautiful Lilavati, possessing pure intellect, listen attentively to these delightful rules of
arithmetic, meant for acquiring knowledge by great mathematicians.”

Explanation

o The first verse is a poetic introduction where Bhaskaracharya addresses his daughter
Lilavati.

e He encourages learners to understand mathematics joyfully and attentively.

e Shows how mathematics is not merely mechanical but deeply connected with logic,
knowledge, and beauty.

Example to Relate

Imagine a student learning addition for the first time:
If you have 5 apples and you get 3 more apples, the total is:

5+ 3 =8 apples
o Through such simple, joyful steps, complex knowledge can be gained.

o Bhaskaracharya motivates students to begin with curiosity and happiness.

Notes in Gujarati
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1.1.2 Multiplication of Large Numbers: Sutra (Verse 5)— From Lilavati

Sanskrit Shloka (Verse 5)

TS JBA fRIfOoray s=a=d HHUI T IOR|
AP AHANTT T B T a1 fafesri

Notes in English
Meaning

"Each digit of the numibers,should be multiplied in order, one by one, with the corresponding
digits of the other number. The intermediate products obtained are then summed
systematically to get the final product as per the prescribed method."

Explanation
o Bhaskaracharya explains how to multiply large numbers step by step.
e The method is similar to modern long multiplication.

o Start by multiplying each digit of the multiplicand with each digit of the multiplier,
aligning them properly.

e Add all partial results to get the final product.

Example

Multiply: 23 x 45
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Step-by-Step

1.
2.
3.
4.

Multiply 3 x 5 =15

Multiply 3 x 4 =12, shift one place left — 120
Multiply 2 x 5 =10, shift one place left — 100
Multiply 2 x 4 = 8, shift two places left — 800

Sum of All Parts:
— 15+120+ 100 + 800 = 1035

So, 23 x 45=1035

Notes in Gujarati
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3. 2x5=10, WS Wlol SIA WAS — 100
4. 2x4=8, 0L R¥Ulel SIA WASL — 800

oLt cllololl GRR:
15+ 120 + 100 + 800 = 1035

Wl 23 x 45 =1035

1.1.3 Division — Sutra (Verse 8) from Lilavati

Sanskrit Shloka (Verse 8)

YNGR HITS 9 99 W4¥ Uq e
YRTH AR Ay TYTaq AUHAd |l

Notes in English
Meaning

"First, one must clearly know the divisor and._the dividend. Only then should the division
process be carried out properly to obtain.the correct quotient."

Explanation
o Bhaskaracharya explains‘that for accurate division:
o Dividend (Bhagaj) = The number to be divided
o Divisor (Bhagahar) = The number by which division occurs
e Once identified, perform systematic division to get the Quotient (Labdha).

e This mirrors today's long division method where calculations are orderly and precise.

Example

Divide 625 + 25

Step-by-Step
1. Dividend = 625, Divisor = 25
2. 625+25=25x%x25=625

Page 6 of 56



Prof. Swapnil Patil
Unit-1: Indian Knowledge System of Mathematics

3. Quotient =25, Remainder = 0

Thus, 625 +25=25

Notes in Gujarati
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1. QUOL = 625, AUOLSLR =25
2. 625325 S MO0 —> 25 x 25 = 625
3. ol =25, AMSOL =0

Wl 625 -25=25
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2.1 Ancient Algebra and Geometry Operations from Lilavati Samhita

Notes in English
Introduction

e Ancient India made significant contributions to Algebra (Bijaganit) and Geometry
(Rekha-ganit).

e Lilavati by Bhaskaracharya contains beautiful algebraic and geometric problems
blended with poetic language.

o Bhaskaracharya's work explains solving unknowns, equations, areas, and other
geometric calculations in a systematic, logical manner.

Key Algebraic Concepts from Lilavati
1. Use of Unknown Quantities (Bij)
o Ancient mathematicians called unknown quantities as Beeja (Seed).

o Algebraic problems were often expressed poetically, yet carried exact
mathematical meaning.

o For example:
“A number multiplied by 3, added to'5, gives 20. Find the number.”

Let unknown = x
=>3x+5=20
=3x=20-5=15
=>x=15+3=5

Geometry Operations from Lilavati
o Bhaskaracharya explained various geometry problems:
o Area of triangles, rectangles, circles
o Relationship between sides, angles, and areas
e Practical problems were used to teach concepts, for example:

“A square field has an area of 100 square units. Find the length of one side.’

Area = side? =100
= side = V100 = 10 units

Importance

e Promoted logical thinking and mathematical reasoning.
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o Connected algebra with real-world applications like land measurement, construction,
etc.

o Encouraged step-by-step problem-solving techniques still relevant today.

Notes in Gujarati

R

e URAlot @R AUl (Gllesal@let) Aol Rl (Ruidldlct) &N slltult 209LE Lot
VR,
o oRsAUA Act i R A wepoll wal oRAstl Gete Us(Ad 8.

o Qetadl dlauHi wsttct dvauA, UHls00 A A gnotl [BAUGL HIZ AR WA
dASdold uglQa .

@Qettadlui ve uletl Yyt Yal
1. sl AuAAlell GulaL (ol
o sl Aval “ol” We@ olloy A3 v B,
o QA ysl stcau3uHL au B url Aol alQ flat a1t Assu sl B,

GeELsWU:
“As dvell a3 ol el uedl 5 GRal Al $¢t20 HA &, A vl AL

Hlo{lA W sl vl = x
= 3x+5=20

=3x=20-5=15
>x=15+3=5
Qatadlui gRQou Gaul
o GURsRAURA QAU oAAetl Ysl AMestcul B:
o [Asle, ARY, adnel &xs0
o ol Sl W AN R Aol

Page 9 of 56



Prof. Swapnil Patil
Unit-2: Ancient Algebra and its Implementation

GeleR0L:
“Ug Al EAAof AASN 100 Ao ASH &, tl AS Wl L ”

250 = Gll%? = 100
= olly = V100 = 10 AAsH

Heccl
oAbl ua R Al QuRlA [Asiu 52 B,
o o{laollct A RAA cARAAS 2 ctotii GUOL UHAA B,
o Aol M Yl Guloll oudlct lluicttsdl At w0 8.

2.1.1 Algebra — Sutra (Verse 13) from Lilavati

Sanskrit Shloka (Verse 13)

YAt 0 Bad |
TERTERI Bd 34 Ida: Il

Notes in English
Meaning

"If double of an unknown number produces a known result, then dividing that result by 2
gives the original unknown number.”

Explanation

o Bhaskaracharya explains solving basic algebra problems using unknown numbers
(Beeja).

e Doubling the unknown and knowing the final result allows us to reverse the process to
find the unknown value.

o This concept is the basis of solving linear algebraic equations.

Example
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Problem:
"Twice an unknown number gives 30. Find the number."

Solution

Let the unknown number = x
Given:
2xx=30

Divide both sides by 2:
x=30+2=15

Answer: The unknown number is 15

Notes in Gujarati
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sl AUl = x
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2.1.2 Geometric Relationships — Sutra (Verse 17) from Lilavati

Sanskrit Shloka (Verse 17)

IHIGRYE &7 fawaR: 8 Haql
farRTHator & {4 Afdamn

Notes in English
Meaning

"In a square-shaped field, all sides are equalThe area of the field is obtained by squaring
one side."

Explanation
o Bhaskaracharya describes the geometric property of a Square (Samachaturasra).
e All four sides are equal in length.

e The area is calculated as:
Area = side x side = side?

o This fundamental geometric principle is still used today in calculating area for
squares, land measurement, and construction.

Example

Problem:
"Find the area of a square field whose side is 12 meters."”

Solution

Side = 12 meters
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Area = side?> = 12 x 12 = 144 square meters

Thus, the area is 144 m?

Notes in Gujarati
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2.1.3 Understanding Lilavati Samhita Theorem Later Known as Pythagorean Theorem
(Geometry) — Sutra (Verse 23)

Sanskrit Shloka (Verse 23)

U T B UgFagUS |
Yorgt: It AR yafa fAfdag

Notes in English
Meaning

"In a right-angled quadrilateral (triangle), the square of the hypotenuse’is equal to the sum of
the squares of the other two sides."

o This is the same theorem later popularized in the West as the.Pythagorean Theorem,
but ancient Indian texts like Lilavati mentioned it eenturies earlier.

Leg

Explanation
o For a Right-Angled Triangle, sides are:
o Base (adjacent side)
o Perpendicular (opposite side)
o Hypotenuse (longest side, opposite right angle)

e The relationship is:
(Hypotenuse)> = (Base)* + (Perpendicular)?

o Used in geometry, construction, and navigation.

Example
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Problem:
"In a right-angled triangle, the base is 9 units, and the perpendicular is 12 units. Find the
hypotenuse."

Solution

Let:
Base =9 units
Perpendicular = 12 units

Hypotenuse? = 9% + 122 = 81 + 144 = 225
= Hypotenuse = V225 = 15 units

Answer: The hypotenuse is 15 units

Notes in Gujarati
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Practical Lab: Implementation of Lilavati Sutras using Python

1. Arithmetic Rule (Sutra - Verse 1) Finding an Unknown Number

Problem Example:
Twice a number plus 5 gives 25. Find the number.

Python Code:

Prof. Swapnil Patil

# Solving 2 *x +5=125
result =25
x = (result - 5) /2

print(f"The unknown number is: {x}")

2. Multiplication of Large Numbers (Sutra - Verse 5)

Example:
Multiply 1234 x 5678

Python Code:

numl = 1234
num?2 = 5678
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product = numl * num2

print(f"The product is: {product}")

3. Division (Sutra - Verse 8)

Example:
Divide 9876 + 54

Python Code:

dividend = 9876
divisor = 54
quotient = dividend // divisor

remainder = dividend % divisor

print(f"Quotient: {quotient}, Remainder: {remainder}")

4. Algebra - Finding Unknown (Sutra - Verse 13)

Example:
Twice a number gives 36, find the numbet.

2*x=36
Python Code:

result = 36

x =result/ 2

print(f"The unknown number is: {x}")

5. Geometry - Area of a Square (Sutra - Verse 17)

Example:
Find area when side = 10 units.

Python Code:

side =10

area = side ** 2

print(f"Area of the square is: {area} square units")

6. Pythagorean Theorem (Sutra - Verse 23)
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Example:
Base = 9 units, Perpendicular = 12 units, find Hypotenuse.

Python Code:

import math
base =9
perpendicular = 12

hypotenuse = math.sqrt(base**2 + perpendicular**2)

print(f"The hypotenuse is: {hypotenuse} units")
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3.1 Ancient Indian Astronomy from Suryasiddhanta by Aryabhata
Notes in English
Introduction to Suryasiddhanta

e Suryasiddhanta is one of the oldest known astronomical texts from ancient India,
believed to have been compiled around 4th to 5th Century CE.

o The text outlines principles of astronomy, including planetary motion, time
calculation, eclipses, and Earth's dimensions.

e Aryabhata and other scholars used this knowledge to develop accurate astronomical
models much before Western science discovered similar facts.

3.1.1 Key Contributions from Suryasiddhanta

The concept of the Earth being spherical.

Understanding of the Earth's rotation causing day and night.
Accurate calculation of solar and lunar eclipses.

Measurement of the Earth's circumference close to.modern values.
Planetary positions, eclipses, and calendrical calculations.

YV VVY

Example Concept
Earth's Circumference Calculation (Approximation by Aryabhata):

e Aryabhata calculated Earth's circumference as approximately 39,968 km, remarkably
close to the modern value of 40,075 Km.

o He emphasized.spherical Earth and explained time zones and sunrise/sunset variations
based on geography.

Astronomical Terms from Suryasiddhanta

Term Meaning

Bhugola The spherical Earth
Graha Planets

Nakshatra Constellations
Kaal Time

Chandra Grahan|Lunar Eclipse
Surya Grahan |[Solar Eclipse
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Notes in Gujarati
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Unit 3.1.1 — Motion of the Earth: Sutra (Verse 3.9) from Suryasiddhanta
Topic: Ancient Indian Astronomy

Sanskrit Shloka (Verse 3.9)

W Tsh 7 Yrefd a1

3rat yafa yar= et sfa fAfdaw

Explanation in English

Meaning

"The celestial sphere does not move from'its position, but all beings (on Earth) perceive
motion because the Earth itself rotates.”

Key Insight
This verse from Suryasiddhanta clearly states the revolutionary idea that:

» The Earth rotates on its own axis

» The movement of celestial bodies is only apparent, not real

» Ancient Indian astronomers had heliocentric and rotational concepts long before
Copernicus

Scientific Explanation
o The Earth rotates west to east on its axis every 24 hours.

e Due to this motion, the Sun, Moon, and stars appear to rise in the east and set in the
west.

o This ancient idea explains day and night with surprising scientific accuracy.
Example for Students

You're sitting on a rotating merry-go-round at night. Lights around you appear to move, but
in reality, it's you who is moving. The same illusion happens with stars when Earth rotates!

Python Demonstration (Optional for Lab Use)
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import time

import math

# Simulating Earth's rotation causing day-night effect
for angle in range(0, 361, 60): # rotation in degrees
sun_position = math.cos(math.radians(angle))

print(f"Earth rotated to {angle}°, apparent Sun position: {round(sun_position, 2)}")

time.sleep(1)

Gujarati Explanation
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3.1.2 — Length of the Year: Sutra (Verse 3.10) from Suryasiddhanta
Topic: Ancient Indian Astronomy

Sanskrit Shloka (Verse 3.10)

yeea Rl 4@: ufafgrTd: JuraeTe: 99: |

wWeulsfi orcry: Euerdt 7 | daaRs |l

Explanation in English

Meaning

"The Sun moves approximately 1° (sixtieth part of a circle) per day on its path. In this way, it
completes one full cycle (360°) in a year. Even a slight error in this metion would disrupt the
calculation of the year."

Key Insight from Suryasiddhanta
o Describes sidereal year and solar movement with preeision.
o Suggests that the Sun moves 1° per day, thus taking 360 days for a full revolution.

e However, ancient Indian astronomers corrected it.to 365.2588 days — very close to
the modern value of 365.25636 days:

Modern Science vs. Ancient Calculation

Parameter Ancient Indian Value Modern Scientific Value
Sidereal Year Length ~365.2588 days 365.25636 days
Accuracy Gap Less than 3 minutes! —

This shows the high precision of ancient Indian astronomical methods using
observational and mathematical models — centuries before telescopes.

Example Calculation
If the Sun moves ~1° per day:

360° = 360 days,

But with correction:

360° + 0.9856° per day = 365.25 days

(This correction factor matches sidereal calculations.)

Python Code: Simulating Solar Motion per Day

Page 23 of 56



Prof. Swapnil Patil
Unit-3: Indian Knowledge System on Astronomy

# Simulate Sun's motion over a year
sun_position = 0 # degrees

days = 365.25

for day in range(1, 6): # simulate first 5 days

sun_position = (sun_position + 0.9856) % 360

print(f'Day {day}: Sun has moved to {round(sun_position, 2)}° on the ecliptic path")

Gujarati Explanation
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o ool AELY ~365.2588 (8l Al sl — % wlegoll dsiills dLAS] sl HIA
Asl AR gD

o Alall AsALBeR WSS AR S8 URL UAUDL AUl ddallRe{l aLdl st of
ol

GeLlsWL

1 (& a =~0.9856°,
A 360° + 0.9856 =~ 365.25 (£ c™

AL A Yol Yol auaw yal $ 52 .

3.1.3 — Lunar and Solar Eclipses: Sutra (Verse 4.5) from Suryasiddhanta
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Topic: Ancient Indian Astronomy — Grahan Siddhanta (Eclipse Theory)

Sanskrit Shloka (Verse 4.5)

gl TSgdal: Hel Sew 9|
Y gD aF UraIOiGaayul: I
Explanation in English

Meaning

"An eclipse of the Moon or the Sun always occurs due to the shadow of Rahu (the shadow
planet) when the Sun and Moon align with it (during full or new moon). The body of the
luminary is thus obscured by shadow."”

Types of Eclipses as per Suryasiddhanta

Eclipse Type Condition

Lunar Eclipse Occurs during full moon (q:ﬁhT) when Earth comes between the
(d<Ueul) Sun and the Moon

Solar Eclipse Occurs during new moon (}Hl¥) when the Moon comes between

WUT) Earth and the Sun

Key Concepts from the Sutra

» Eclipse is a shadow phenomenon, not caused by swallowing (mythologically)
» Rahu and Ketu represent shadew points (nodes) in the sky
>

Ancient Indian astrenomy explained eclipses scientifically through precise
geometrical alignment

» Accurate prediction of Grahans was possible using trigonometric and positional
calculations

Modern Explanation — Alignment and Shadow
e A Lunar Eclipse occurs when the Earth’s shadow falls on the Moon
e A Solar Eclipse occurs when the Moon’s shadow falls on the Earth

The Suryasiddhanta model could compute the timing, duration, and location of eclipses
accurately — a rare achievement in ancient times.

Python Lab Demo — Eclipse Conditions Check

def check eclipse(lunar phase, rahu_aligned):
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if lunar phase == "Full Moon" and rahu_aligned:
return "Lunar Eclipse likely"

elif lunar phase == "New Moon" and rahu_aligned:
return "Solar Eclipse likely"

else:

return "No Eclipse"

# Example:
print(check eclipse("Full Moon", True)) # Output: Lunar Eclipse likely
print(check eclipse("New Moon", True)) # Output: Solar Eclipse likely

Gujarati Explanation

2lls (ARG — vLru ¥, s W)

9180l UosyA2ll: UEL BLALLERA U
AYsA AGH A llecll{lg Ay i

u e

" g Ul Yelof ASEL calld AU TR AS (812U AS) A& Aot Al Ul & U
Au5cll (S (Y2l is) erenel Es1ef ¥ 8.

A16RLatl UstR — Wlet el gfRslatell
&R USIR AR
Asotell  YEMHet R ad yecll a2 u1Q, s Wy alat — yeclloj e9i2) As U ud
YAoerl  AHIAUe (£ A Ag <A A, Y Wen dlat — 2use] i) yoell u ud
yul [Qatl

o RAG AR 5 wollolla clg A B (tauaLe)

o 2U50LL DA A lNAS 22ULet UL % (ARt a2 B
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o AUl 1R Al Ul ul et lat wolnaus{lAl ALssU AL UH2L 56l scll
GelgRal

Y(EhuL + g AL — AsdLeRl
U + A AL — yAaLerl

3.1.4 — The Motion of Planets: Sutra (Verse 1.13)
Ancient Indian Astronomy — Grahagaati (Planetary Motion)

Sanskrit Shloka (Verse 1.13)

Terafraadad Jaifeusasy|
yafd TeT gt Tfa=ama Afaw
Explanation in English

Meaning

"The orbits of planets like the Sun and others, joined with their apogee (mandocca — farthest
point) and perigee (nichaya — nearest point), revolve continuously in a fixed order,
determined by prescribed rules of motion."

Key Insights
e Ancient Indian astronomers described planetary motion with remarkable precision.

e Planets do not move uniformly but follow orbits with mandocca (apogee) and
nichaya (perigee).

o Their motion is governed by mean motion (average speed) and true motion
(observed speed).

o They also explained retrograde motion (Vakra gati) — when planets appear to move
backward.

Scientific Correlation
o This corresponds to elliptical motion of planets, later formalized by Kepler’s Laws.

> Ancient Indians already recognized:
Planets move in fixed paths (chakram)
Variation in speed depending on position (near or far from Earth/Sun)
Apparent retrograde motion due to relative positioning

Example
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e Suppose a planet’s mean daily motion = 1°.
o At perigee (closer to Earth) — it appears to move faster (say 1.2° per day).
e Atapogee (farther) — it appears to move slower (say 0.8° per day).

This explains why planets sometimes seem to “pause” and “reverse” in the sky.

Python Lab Demo — Simulating Planetary Motion

import math

# Simulating planetary motion with varying speed
days =10
mean_motion = 1 # degree per day
for day in range(1, days + 1):
# simple model: speed oscillates between 0.8 and 1.2 degrees
speed = 1 + 0.2 * math.sin(math.radians(day * 36))
position = (day * speed) % 360
print(f'Day {day}: Speed = {round(speed,2)}°/day, Position= {round(position,2)}°")

Gujarati Explanation

s (YARsiA 1.13)

HoElUAUA s Yallz ot AsH]
U@ Ul A sl Ao Aot REL A I

u e

"yeUllE AUSlof US (58) Hotl2AU (£olAlE) UA [Aselelg 41 KUstAct 8 A ASl SRl
(Bt 2t [R22] Uogil2 GHOL 5?2 "

[@Qotdalr uuxae
o U8l oA $R U ALt el

o o5 vlladl oA A% 8l B, £ sl Ll ud .
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o Y3l 5uRs a5 AlA (R2S) 53 D — W2 A ¥ UL B cll EWLA BD.

o AUl sllol FUARS (A2 sl AL USAL @Rl AR L] &,

GeLsWL
o gl 9Lsoll AR aUA 1° YA [ ax sl
o [seldg (Perigee) — oA = 1.2°
o &RAAE (Apogee) — oA =0.8°

WY % sURs 2UE WSl 3 ULl il TV V.

3.1.5 — The Influence of the Sun on Planetary Motion
Suryasiddhanta (Verse 2.12)

Sanskrit Shloka (2.12)

GAOg TGTUT Tag: HHaad |

T | U ! fcd agavg il

Explanation in English

Meaning

"It is by the Sun that the motions of the planets are regulated. Therefore, the Sun is the
principal factor in determining their movements."

Key Insights
e The Sun acts as the center of influence for planetary motion.
o Planetary paths (grahachakra) are measured relative to the Sun.

e Ancient astronomers thus recognized a heliocentric influence, even though they used
geocentric models for calculation.

e Solar force (prakasha shakti and gati shakti) was considered the governing principle
of celestial bodies.

A Scientific Correlation
o This idea anticipates the gravitational dominance of the Sun (Newtonian Physics).

e Modern science: The Sun contains 99.8% of the solar system’s mass — governs
planetary orbits.
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e Ancient Indian astronomy linked planetary retrogression and orbital variations to
the Sun’s reference path (Ecliptic).

Example
o Earth revolves around Sun in ~365.25 days.
e Mars revolves around Sun in ~687 days.

e From Earth’s perspective, when Mars overtakes or lags behind — retrograde motion
appears.

Thus, Sun’s influence defines how planets appear to move.

Python Lab Demo — Simulating Planetary Orbit Around Sun

import math

# Sun at center, simulate Earth's and Mars' orbit
days =20
earth_period =365.25

mars_period = 687

for day in range(1, days+1):
earth angle = (360 * day / earth_period) % 360
mars_angle = (360 *day / mars_period) % 360
print(f'Day {day}: Earth = {round(earth_angle,2)}°, Mars = {round(mars_angle,2)}°")

This helps visualize how relative motion (Earth vs. Mars) causes retrograde motion due to
Sun’s central influence.

Gujarati Explanation

s (ARSI 2.12)
yARla sl oA Auadal

dRMld A A Yuu: [l e ALy ll

u e
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"USleA] oUA el giel [ReFA et 8 ALl el SR AsAUAA vt S12Q Hict UM (A
f)‘ n

(Qatcar uuenae

o Sl GHEL UL YR Fost Hlolla o AHAU D,

o Yol ustal wal Al % Al HIl UR AW B,

o L sllot AU oy2otoll el 5N Rgicell ugL qm(dd i 8.

o oRl2A voln iRl YA &Rl s [Aoll YU HistcuHTllcA B,
GELSWL

o Yol - Yaloll W 365 [ auul 52 B,

o 1oL — YAoll AW 687 (UMl $2 B,

o Yol el Holnell il Y2ABlHct ool 5128 sellRs Hal o dUlAHl 2wl B,

3.1.6 — Zodiac and Signs: Sutra (Verse 1.5)

Ancient Indian Astronomy —'Rasi & Zodiac Division

Sanskrit Shloka (Verse 1.5)

Yot b grereT IR afa FAfdae)
e g B g a1

Explanation in English

Meaning

"The celestial circle (zodiac) is divided into twelve signs (rdasis). Each sign is equal in
measure, consisting of thirty degrees."

Key Insights

Page 31 of 56



Prof. Swapnil Patil
Unit-3: Indian Knowledge System on Astronomy

e The zodiac (Bhachakra) is a circular belt around the Earth, used for planetary
calculations.

e Divided into 12 Rasis (signs) — Aries, Taurus, Gemini ... Pisces.
o FEach rasi = 30° of the celestial circle.
e Total circle =360° =12 x 30°.

e Used in astronomy for planetary positions and in astrology for predictions.

Scientific Correlation

e Modern astronomy: The zodiac corresponds to the ecliptic belt where planets, Sun,
and Moon appear to move.

o Division into 12 equal parts is similar to 360° system of moderntrigonometry.

o This ancient system allowed precise calculations of eclipses, planetary motion, and
seasons.

Example
e Ifthe Sun is at 45° on the zodiac:
o 0°-30° — Aries

o 30°-60° — Taurus [©)
— Therefore, Sun is.in Taurus.

Python Lab Demo — Determining Zodiac Sign from Degrees

def zodiac_sign(degree):
signs = ["Aries " "Taurus (81", "Gemini fi§ ", "Cancer )",
"Leo )", "Virgo [¥", "Libra [@&", "Scorpio ",
"Sagittarius E# ", "Capricorn 13", "Aquarius E3", "Pisces £i§"]
index = int(degree // 30) % 12

return signs[index]

# Example:
print(zodiac_sign(45)) # Taurus
print(zodiac_sign(190)) # Libra
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Gujarati Explanation

W ls (AR 1.5)

sl Us aleaul ARQ@elal AR AN)
U$ d Blarzal: w AQAEe: 11

w Y

"ULSL9Hlof ¢S (RUP]US) HIR AUINHI ASUAG 8, €25 2U[0 AHlot 30°aU A ULcl?]
Aa."

(Qotctaur duenae
o UM AUEL, YA Al Agiell AAUUA AU SZUUD.
e Aol 12 ARAML adUcuHl w1 B,
e e3s2AlR =300,
e A US =360°=12 x 30°.

91891 A B flloll (Bl Mol GUIL UAl &cll.

GelsgRal
o BLYA 450 WR A —
o 0°-30° — AY

o 30°-60° — N &
— WA Y guet ARMI 8.

3.1.7 — Solar System: Sutra (Verse 1.15)
Ancient Indian Astronomy — Surya Mandala (Solar System)

Sanskrit Shloka (Verse 1.15)

Haruet e fefr g ufvat vafi
WHTEY: HHRT: fRYAT Ayl
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Explanation in English

Meaning

"The seven planets revolve around the Sun in different directions, with Mars and others
arranged in their respective paths among the stars."

Key Insights

The Suryasiddhanta recognizes a solar-centered system (Surya as the reference
point).

Planets (grahas) = Mercury, Venus, Mars, Jupiter, Saturn (along with Sun & Moon)
are described.

Each planet follows a fixed orbit (nakshatra patha).

Shows awareness that all planets are bound to the Sun’s influence.

Scientific Correlation

This anticipates the heliocentric model later formalized by Copernicus (16th
century).

Indian astronomers already described:

Planets revolve around the Sun.

Each has its unique orbital path.

Orbits are arranged in increasing order (Mercury closest, Saturn farthest visible
planet).

Example

Order of planets in Indian texts:
o Mercury (Budha)
o Venus (Shukra)
o Earth (Bhauma)
o Mars (Mangal)
o Jupiter (Guru)

o Saturn (Shani)

This matches the modern order of planets visible with the naked eye.

Python Lab Demo — Simple Solar System Simulation

import math

planets = {

"Mercury": 88, # orbital period in days
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"Venus'": 225,
"Earth": 365,
"Mars": 687

days =50

for day in range(1, days+1, 10):
print(f"\nDay {day}:")
for planet, period in planets.items():

angle = (360 * day / period) % 360

print(f" {planet} position = {round(angle,2)}°")

This simulates planetary positions (approximate) around the Sun ever a given time.

Gujarati Explanation

wls (YARId 1.15)

Arcsl (R R YA uR Al gkl
ellMLEA:5HA: RAAL & Usulll

w Y

"l et U] eloll il (E9U-(8 auni @HEL 52 8, Holn AR Wl Ulcllodl s&uHi RA?
E). n

Qotdalr auxde

e URAlot el wollnauBHi YA Fos Hiolla 94Sloll ol AHsteLctm el
&cll.

e U8l (ytL, Ys, Holw, 913, 2lx) Yaloll AU seuri ol 53 8.
o €35 5ol Wele(l @Rl satl (ctatatHdl) .

o Al el BRAA YAZud aulde] stiot 0l €1y &,
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GeLsWL
e USlell sHaR oUd:
o ol — s — Yyl - 1o — 93 — 2l

o L SH Bl dsiAs sH AU HA D,

3.1.8 — Speed of Planets: Sutra (Verse 6.5)
Ancient Indian Astronomy — Planetary Velocities
Sanskrit Shloka (Verse 6.5)

TETUTT T TR ||
FrpewisfaaT: wrq gredt aenfadafan

Explanation in English
Meaning

"The speed of the planets depends on the influence of the Sun: when nearer they move faster,
and when farther they move slower."

Key Insights
o Planetary speed is not constant.
o It changes depending on distance from the Sun.
e Near the Sun — higher velocity.
e Far from Sun — slower motion.

e This shows Indian astronomers observed elliptical nature of orbits long before
Kepler’s Laws.

Scientific Correlation
o This is essentially Kepler’s 2nd Law of Planetary Motion (1609 CE):
o “Planets move faster when closer to the Sun and slower when farther.”

e Modern physics: explained by gravitational force & conservation of angular
momentum.

Example

o Earth’s orbit is elliptical:
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o At perihelion (closest to Sun, ~147 million km) — Earth moves ~30.3 km/s.
o At aphelion (farthest, ~152 million km) — Earth moves ~29.3 km/s.

This matches the ancient observation.

Python Lab Demo — Planetary Speed Approximation

def planet speed(distance, constant=3000):
# Simple proportional model: speed inversely proportional to distance

return constant / distance

# Distances in million km (approx)

distances = {"Mercury": 58, "Venus": 108, "Earth": 150, "Mars": 228}

for planet, d in distances.items():
speed = planet_speed(d)

print(f" {planet}: Distance = {d} millionkm, Relative Speed# {round(speed,2)} units")

This shows planets closer to the Sun (Mercury, Venus) move faster than outer ones (Mars,
Jupiter).

Gujarati Explanation

wls (YR 6.5)

a16Lal dt[AAat: YArauleordel L]
[(Aserells(AAat: Ul gl Hoeol(Aelaldn

Y

"AUSlell AlAell Qo el ue UtRc & yeloll %5 Sl ceu? Aot atu? Ule & UA £?
slet e dlHl e 8.

Qotdalr uuxade

o Al oA MLt el
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o Yol st 2Ac 8 BsUl oA 52 8.
e ER A YA Mol 52 B.

o L ([AAR Aol FUERelL s A A A vl .

GeLsRWL
e yedl:
o WA (ol o295, ~147 A2t (3.2) — 30.3 (5. H{LA.
o AR[AAA Al g2, ~152 RAaat (5.1{.) - 293 LA

3.1.9 — Planetary Distances: Earth to Moon
From Siryasiddhanta (Verse 7.8)

Sanskrit Shloka (Verse 7.8)

g UgeRES g dsHvs |
T TG0 RSB BTIAT Srd AR
Explanation in English

Meaning

"The distance of the Moon from the Earth is about fifteen thousand yojanas, and in this
region eclipses are caused by the shadow of the Sun."

Key Insights

e Ancient Indian texts used yojana as a unit of length (~12—13 km approx, though it
varied).

o Distance Earth — Moon = 15,000 yojanas = 180,000 km (approx).

e Actual modern value = 384,400 km, meaning Indian estimate was nearly half but
remarkably advanced for ancient times.

o They also linked this distance with eclipse phenomenon, showing understanding of
relative positions of Earth, Sun, and Moon.

Scientific Correlation
e The Moon’s distance varies: 356,500 km (perigee) — 406,700 km (apogee).

e Ancient value underestimated but still astonishingly close given no telescopes.
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e Proves Indian astronomers applied geometry, shadow calculations, and
observations.

Example

e If1yojana=12 km,
— 15,000 yojanas x 12 = 180,000 km.

e This is about 47% of the true modern distance.

Python Lab Demo — Convert Yojanas to Kilometers

defyojana to km(yojanas, conversion=12):

return yojanas * conversion

moon_distance yojanas = 15000

moon_distance_km = yojana_to_km(moon_distance yojanas)

print(f" Ancient Moon Distance = {moon_distance _km} km")

print("Modern Average Moon Distance = 384400 km")

print(f"Error = {round((384400 - moon_distance km)/384400%100,2)} %")

This shows how close ancient measurements were compared to modern values.

Gujarati Explanation

lls (AR GLA 7.8)

YRl UFeANYAUSH UkUS AN
A JLERL ARERD $ LA AAA oot I

u e

"sgiof yeclell Hct? coUeL 15,000 %ot 8. Al U2 yelol] egeul] AL oo &7

Qotdalr uuxde
o 1A%~ 1254

e g R = 15,000 x 12 = 1,80,000 (5.2{.
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o Uq] [Asllot 53 & — 3,84,400 (5.3,
o el ctRcllal RN (A YrAlot AHAUML % AILGOL AU S Y ALY HIU AL,

o Uo0RLe{l UMl UBRL AL AR MR sdl.

GeLsRWL
15,000 2%l = 1,80,000 (5.2{1.
o AL MU ATl ALUL AR 5cll AILEIL 47% B2 B.

3.1.10 — Latitude and Longitude of Planets
From Siiryasiddhanta (Verse 8.12)
Sanskrit Shloka (Verse 8.12)

SRIPBTETIC ATl AT GRIf-ofa: |
Srafereaau 9 TgTon gead aull
Explanation in English

Meaning

"By knowing the motion of planets with respect to place and time, their positions can be
determined through longitude and latitude."”

Key Insights

o Longitude (Dirghamsa — ?ﬂﬂf‘«"[) The planet’s east—west position on the celestial
sphere.

e Latitude (Lambamana — ¢TRIHT): The planet’s north—south deviation from the
ecliptic.

e Ancient Indian astronomers used these coordinates to:
o Predict eclipses.
o Locate planetary positions in the sky.
o Prepare panchang (almanac) for rituals, agriculture, and navigation.
Scientific Correlation
o This is equivalent to modern celestial coordinate systems:
o Longitude = Right Ascension (RA).
o Latitude = Declination (Dec).

o Today’s astronomy uses the same concept, refined with advanced instruments.
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e Shows ancient Indians understood spherical astronomy and applied trigonometry.
Example
e Suppose Mars is observed at:
o Longitude = 120° (from Aries point).
o Latitude = +2° (north of ecliptic).
e This means:
o Mars is eastward 120° from reference (Vernal equinox).
o Slightly north of the zodiacal path.

Python Lab Demo — Representing Planet Coordinates

planets = {
"Mars": {"longitude": 120, "latitude": 2},
"Venus": {"longitude": 75, "latitude": -1},

"Jupiter": {"longitude": 200, "latitude": 1}

for planet, coords in planets.items():

print(f" {planet}: Longitude = {¢oords['longitude']}°, Latitude = {coords['latitude']}°")

This gives a table of planetary positions just like ancient almanacs (panchang).

Gujarati Explanation

2lls (ARGl 8.12)

gatstetalld sticelt ausLRl & et
Elufaciotiiol A oslall yaud 2L

u e

"USlel] IUAR 28llot U AH Hogait? MR, AHati ENE9l (longitude) HA ot Hlot
(latitude) ot551 571 95120 "

[@Qotdalr uuxae

o €lufal (Longitude): 2l&all lstaAMl Yd-ulu el
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o oMol (Latitude): A&oll AUs1AHL G- (8oL Bslcl.
o YlAlot AHAHL v LAl
o sl U8l
o A8l A,
o UL U6 sel Ml Aadl &dl.
GelgRul
o % HOLN IYs:
o €glulal=120°
o duHlel =+2°

o WA — Hon 120° Yd R aunl & ual A(SaugHolell elsl GR s ®.
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Introduction (English)

Varahamihira (505 CE — 587 CE) was one of the most celebrated astronomers, astrologers,
and mathematicians of ancient India. He was one of the Navaratnas (Nine Gems) in the
court of King Vikramaditya at Ujjain, a famous center of learning.

Major Works

1. Brhat Samhita — An encyclopedia covering astronomy, astrology, architecture,
weather, omens, rituals, and natural sciences.

2. Paiicasiddhantika — A treatise summarizing five earlier astronomical systems:
o Suryasiddhanta
o Pauli$asiddhanta
o Romaka Siddhanta
o Vasistha Siddhanta
o Paitamaha Siddhanta

3. Brhajjataka — A famous text on astrology and planetary positions.

Key Contributions

e Developed methods for eclipse prediction, planetary positions, and time
calculation.

e Accurately described solar and lunar motions.
o Noted the relation between planetary movements and seasonal changes.
o His works combined astronomy, astrology, geography, and natural sciences.

oA {lHl uRua

ARAeM (3 (8. 505 — 587) ULt AUl cotl Yulct wollaul, s2lAuull vt
ol st &cll. A (AsHIE L Aol ol cRwllHioll WS sl U GRsll (ULlet
ol (QAelle] Fos) UL ASOUACAL &l

yul Jjdl

1. ood Aldcll - voln(Asllat, w20 AN, WlURL, cllHlot, Y Sol-uuset, (A0
Qtltet ad? QMDA (QslaL.

2. URsiQst - WA Reldl (YR, WAARLA, A1s Raid, allrs Raid,
Qe Rgic)q dsctot.

3. 0J&6%%lcls — AUSRAA el AN wWULR dje.
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Yul ALELL

18QLe{l UL U A8le{l oU[Ao] ctiet.

YA ua Agell aulAusaj (Aot sttt

o Wl AYSlo(l (Aol Aol UMl

Anatl 2L volloau, %A, ¢allol AU ULs(As [Qsttatoll UHoctL el HA
.

4.1.1 — On Lunar Phases
From Paiicasiddhantika (Verse 2.10 by Varahamihira)
Sanskrit Shloka (Verse 2.10)

TEH Sl QAU ad=,
faamt afta=a T

AT T5: WER HR:,
TH Yt i i

Explanation in English
Meaning

"The phases of the Moon increase when.t comes into conjunction with the Sun, and they
decrease when moving away. The Moon shines by reflecting the light of the Sun."

Key Insights

e Ancient Indian astronomers understood that the Moon does not shine by itself, but
by reflected sunlight.

e Waxing phase (Shukla Paksha): Moon increases in brightness as it moves away
from the Sun.

o Waning phase (Krishna Paksha): Moon decreases in brightness as it approaches the
Sun.

e Varahamihira explained the cyclical pattern of lunar phases and their dependence on
the Sun—Moon relative position.

Scientific Correlation
e Modern astronomy confirms:
o The Moon’s brightness = reflection of sunlight.

o The cycle of 29.5 days (synodic month) determines lunar phases.
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e Varahamihira’s description is equivalent to today’s geometry of Sun—Earth—Moon
system.
Example
e When the Moon is 180° away from the Sun — Full Moon
e When the Moon is 0° with the Sun — New Moon @ .

o Intermediate angles = Quarter phases.

Python Lab Demo — Simulating Lunar Phases

import math

def lunar_phase(angle):
# angle between Sun and Moon in degrees
illumination = (1 - math.cos(math.radians(angle))) / 2

return round(illumination * 100, 2)

angles = [0, 90, 180, 270]

for a in angles:

print(f"Angle {a}° -> Moon [llumination ={lunar phase(a)} %")

Expected Output:
e 0°— 0% (New Moon @)
e 90° — 50% (Quarter @)
e 180°— 100% (Full Moon = )
o 270° — 50% (Quarter ‘B)
ool AU a2

s (WuRsilast 2.10)
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4.1.2 — On the Movements of the Stars
From Paiicasiddhantika (Verse 2.18 by Varahamihira)
Sanskrit Shloka (Verse 2.18)

FT&EATOT A 9 g @HTA,
YAA YT |

T Nyt fRUG: Tzafa 1=,
TYT FURY TRPT: e eI |l
Explanation in English

Meaning

"The stars do not move by their own nature, rather, their apparent motion is due to the
Earth's rotation. Just as a man sitting in a moving boat sees stationary objects as if they are
moving, so too the stars appear to move across the sky."

Key Insights
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e Varahamihira acknowledged that the apparent movement of stars across the night
sky is not real but due to Earth’s rotation.

o Stars are essentially fixed in space (relative to human observation).
o The daily east-to-west motion is an illusion caused by Earth’s spinning on its axis.

e This is an early recognition of heliocentric-like reasoning, centuries before
Copernicus.

Scientific Correlation
e Modern science confirms:
o Earth rotates eastward — stars appear to move westward.
o This apparent motion = sidereal day (~23h 56m).
o The boat analogy is still used today in explaining relative motion:
Example
e If you watch the night sky for 4 hours:
o Orion constellation seems to “move west.”
o Butin reality — Earth rotated eastward.

Python Lab Demo — Simulating Star Metion

import time

stars = ["Orion", "Sirius", "Polaris", "Ursa Major"]

print("Simulated Star Motion (due to Earth's rotation):")
for hour in range(0, 24, 6):
print(f"Time: {hour}:00 hours")
for star in stars:
position = (hour * 15) % 360 # 15° per hour rotation
print(f" {star} appears at {position}° in the sky")
print("-" * 40)

time.sleep(1)

Explanation:
o Earth rotates 15° per hour — constellations shift westward.

e This matches Varahamihira’s explanation of apparent star motion.

Page 47 of 56



Prof. Swapnil Patil
Unit — 4: Ancient Indian Astronomy by Varahamihira

oposAcll AMstae
s (WuRsilAst 2.18)

ol &Rl oL ol o eleildat,

e AaHRsRAl euAl

2l olslal fRUa: uzate Rl T,
dal FYfS aRST: TI= I

u e

"ot 8124l (el UlA ol secil otéll usqg yecll sedll slaugll el e youe 8 ¥H
ollsiHi QS MG (Sotl 3ot GEINR UEAAU HHY 8, AH UISIAUHL U214 d1lA9llct
yolUAED"

(Qotcteur unsae
o dRRA YA A RAR B.
o Yol yd drg sl Qlanell, AR U@ dRs Addl dla Ax Al B,
o A ¥ RBRAA 3 23 scs 56 AlA2) sdata B.

e R el & 3 AReM (@A Yeclloll sl oLl 243 QLS| stiot &,

4.1.3 — Ecliptic Latitude and Longitude

From Paiicasiddhantika (Varahamihira, Verse 3.x)
Sanskrit Shloka

GUT=UBTUN Ulsd ol T Yo |

YOI AT+ 34 SR T4 I

Explanation in English

Meaning
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"The apparent path of the Sun, the Moon, and the planets lies along the ecliptic circle. The
difference in their motion north or south of this path gives their ecliptic latitude, while their
position along the path gives ecliptic longitude."

Key Insights
o The Ecliptic is the apparent path of the Sun across the celestial sphere in one year.
e Planets and the Moon move close to this path.

o Ecliptic Longitude (A): Angular distance of a planet measured along the ecliptic from
the vernal equinox (0° Aries).

o Ecliptic Latitude (p): Angular distance of a planet north (+) or south (—) of the
ecliptic.

Scientific Correlation
e Used in astronomical coordinate systems even today.

o Essential for eclipse prediction — when Moon’s latitude = 0° atiNew Moon or Full
Moon — Solar/Lunar eclipse.

e Varahamihira’s recognition shows geometric sophistication in mapping celestial
bodies.

Example
e Suppose Jupiter’s position:
o Longitude A = 120%(measured from Aries).
o Latitude f = +2° (north of ecliptic).
o Interpretation: Jupiter lies in Cancer constellation, slightly north of the ecliptic.
Python Lab Demo — Calculating Coordinates

import math

def ecliptic_coords(ra_deg, dec_deg, obliquity=23.44):
# Convert to radians
ra = math.radians(ra_deg)
dec = math.radians(dec_deg)

eps = math.radians(obliquity)

# Ecliptic longitude (1)

lam = math.atan2(math.sin(ra)*math.cos(eps) + math.tan(dec)*math.sin(eps),
math.cos(ra))
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lam_deg = math.degrees(lam) % 360

# Ecliptic latitude (B)
beta = math.asin(math.sin(dec)*math.cos(eps) - math.cos(dec)*math.sin(eps)*math.sin(ra))

beta deg = math.degrees(beta)

return round(lam_deg,2), round(beta deg,2)

# Example: Star with RA=120°, Dec=10°

longitude, latitude = ecliptic_coords(120, 10)

print(f"Ecliptic Longitude = {longitude}°, Ecliptic Latitude = {latitude}°")

Output Example:
Ecliptic Longitude = 118.3°, Ecliptic Latitude = +5.6°

oposAcll AMstae
s (WARgilast 3.x)
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4.1.4 — Sidereal and Tropical Years

From Paiicasiddhantika (Varahamihira, Verse 3.x)
Sanskrit Shloka (Verse 3.x)

AgFvsd a¥ A& g aq yufd|
SFIRIYHT [T AR a9 gyF |adll
Explanation in English

Meaning

"The year measured with respect to the fixed stars is the Sidereal Year, whereds the year
measured with respect to the equinoxes (Which slowly shiftadue to precession) is the Tropical
Year.”

Key Insights
e Sidereal Year:

o Time taken by Earth to complete one revolution around the Sun relative to
fixed stars.

o Value = 365 days 6 hours 9 minutes 10 seconds (365.25636 days).

e Tropical Year:
o Time taken by Earth to teturn to the vernal equinox.
o Shorter becauseithe equinox shifts westward due to precession of equinoxes.
o Value = 365 days 5 hours 48 minutes 45 seconds (365.24219 days).

o Difference:
o Sidereal year — Tropical year ~ 20 minutes 24 seconds.
o Over centuries, this leads to shift of seasons (ayanarnsa).

Scientific Correlation
e Varahamihira identified both years distinctly.

e Modern astronomy confirms — Tropical year governs seasons, Sidereal year
governs stellar positions.

e Hindu calendar (Paficanga) often uses Sidereal year, while Gregorian calendar uses
Tropical year.

Example
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e Suppose Vernal Equinox (0° Aries) occurs on 21 March 2025.
e Next Tropical Year — ~ 21 March 2026.

o But relative to stars, Earth completes the revolution slightly earlier (~20 minutes
before).

Python Lab Demo — Comparing Sidereal & Tropical Year

sidereal year =365.25636 # days
tropical year =365.24219 # days

difference = (sidereal year - tropical year) * 24 * 60 # in minutes

print(f'Sidereal Year = {sidereal year} days")
print(f"Tropical Year = {tropical year} days")

print(f"'Difference = {difference:.2f} minutes")

Sample Output:
Sidereal Year = 365.25636 days
Tropical Year = 365.24219 days

Difference = 20.40 minutes

sl AUt a2
clls (LARsiAsL 3.x)
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4.1.5 — Planetary Conjunctions and Aspects (Detailed Notes)
From Paiicasiddhantika (Varahamihira, Verse 4.x)

Sanskrit Shloka

ST UET: THAVSA TXI~d A AUTd: [aTq |
RN vl we saifaufag! fag:

Meaning

"When planets appear together in the same circle (zodiac sign), it is called.a@ conjunction.
The effects of planets also depend on their aspects (angular separation).”

English Explanation

1. Planetary Conjunctions (ﬂ'q-i‘T / Sannipata)

e A conjunction occurs when two ormore planets appear'in the same zodiac sign
(Rasi) or very close in longitude (usually within a few degrees).

e Ancient Indian astronomers.used the word"'Sannipata', meaning close meeting.
o Conjunctions are significant in:
o Astronomy: Predicting eclipses, transits, and planetary groupings.

o Astrology: Formation of Yogas (special planetary combinations) like
Gajakesari Yoga (Jupiter + Moon).

Example:

e Sunat 10° Leo, Mercury at 12° Leo — Sun-Mercury Conjunction (Budha-Aditya
Yoga).

2. Planetary Aspects @f@ / Drsti)

e An aspect is formed by the angular distance (in degrees) between two planets,
measured along the zodiac.

e Varahamihira and earlier texts considered aspects as influences planets cast on each
other.

Major Aspects (as understood in Jyotisa + Astronomy):
e 0° — Conjunction (same place)

e 60° — Sextile (mild harmony)
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90° — Square (tension, challenge)
120° — Trine (strong harmony, balance)

180° — Opposition (direct opposition, conflict or balance)

In Indian Astrology, special aspects are given:

Mars — full aspect on 4th, 7th, 8th houses.
Jupiter — full aspect on 5th, 7th, 9th houses.

Saturn — full aspect on 3rd, 7th, 10th houses.

3. Scientific Relevance

Conjunctions are observable astronomical events — planets appear close together in
the sky (like a “double star”).

Ancient astronomers like Varahamihira recorded them for calendar making, eclipse
prediction, and time-keeping.

Aspects represent the geometry of the sky — angular relationships useful in tracking
planetary cycles.

Example

Suppose:

Mars at 15° Aries
Venus at 17° Aries — Conjunction (within 2°).
Jupiter at 195° Libra — Opposition(180° away from Mars).

Saturn at 105° Cancer — Square (90° from Mars).

Mars + Venus — Conjunction
Mars + Jupiter — Opposition

Mars + Saturn — Square

This method was used in Paricasiddhantika to create planetary almanacs (Paficangas).

Python Demo

def planetary aspect(longl, long2):

diff = abs(longl - long2) % 360
diff = min(diff, 360 - diff)

if diff <8:
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aspect = "Conjunction"

elif abs(diff - 60) < 5:
aspect = "Sextile"

elif abs(diff - 90) < 5:
aspect = "Square"

elif abs(diff - 120) < 5:
aspect = "Trine"

elif abs(diff - 180) < 5:
aspect = "Opposition"

else:

aspect = "No major aspect"

return diff, aspect

# Example Planets

planets = {
"Mars": 15,
"Venus": 17,

"Jupiter": 195,

"Saturn": 105

# Compare all pairs
for p1, 11 in planets.items():
for p2, 12 in planets.items():
if pl <p2:
diff, asp = planetary_aspect(l1, 12)
print(f"{pl} & {p2}: {diff}° — {asp}")

Prof. Swapnil Patil

Sample Output:

Mars & Venus: 2° — Conjunction
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Mars & Jupiter: 180° — Opposition
Mars & Saturn: 90° — Square
Venus & Jupiter: 178° — Opposition
Venus & Saturn: 88° — Square
Jupiter & Saturn: 90° — Square

oposAcll AMstae
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