Coordinate Geometry:
Bridging Algebra and Space

Transforming spatial relationships

into algebraic certainty.
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Coordinate Geometry is the
algebraic tool for studying
geometry. It allows us to:

& - Study geometry using
algebra.

& -Understand algebra with
the help of geometry.

-+ +

The Intersection of Worlds

y=ax2+bx+cf
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The Problem of Distance

Scenario: Two Towns

Town B is located 36 km East HEHH R | ] Town s ]
and 15 km North of Town A. :

Question: How do we
calculate the direct distance
without a ruler?

Constraint: Grid movement
(Manhattan Distance) # o
Direct Distance. 0

Physics | Engineering | Navigation | Seismology | Art

&1 NotebookLM



Deriving the Master Key

Qlx,, Y,) Step 1: Construct the Right-Angled
Triangle PTQ.

PT2 + QT2 = PQ?

Step 3: Substitute Coordinates.

> X (x, = %)% + (y, = y,)% = d?

Distance PQ = \/[(x2 = (M =

Distance is always non-negative.
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Step 2: Apply Pythagoras Theorem.
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Architectural Precision

Application: Geometric Verification

Case Study: Is this a Square?

D(-4, 4)

S

A(1, 7)

Vertices: A(1, 7), B(4, 2), C(-1, -1), D(-4, 4)

Evidence (Side Lengths):

AB = [[(1-4)2 + (7-2)2] = /34
BC =34 | CD=34 | DA =34

Critical Check (Diagonals):
AC =68 | BD = /68

Verdict: Sides are equal AND diagonals are
equal. It is a Square.
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The Linearity Test

Classroom Seating Arrangement

Condition for Collinearity:

AB + BC = AC
Camella (C)

o) Calculation:

3V2 + 2V2 = 52

Bharti (B)

(6, 4) Conclusion: The points are collinear.
The students are seated in a straight
line.
Ashima (A)
(3, 1) Vertices: A(3, 1), B(6, 4), C(8, 6)

1L 2 3 4 5% 6 67 8 910
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Solving for Position: Equidistance

Case Study: Isosceles Structure on Y-Axis

T Objective: Find point P(0, y) such that PA = PB

A6, 5) Equation:
V(6 - 0)2+ (5 -y)?= (-4 -0)2+ (3 -y)?
()2 + (5 - y)2 = (-4)2 + (3 - y)?
36 + (25 - 10y + y2) = 16 + (9 - 6y + y2?)

Simplify:
36 + 25 + y2 - 10y = 16 + 9 + y? - by
B(-4, 3) 61 - 10y = 25 - 6y

Solve:
1 4y = 36
y =9

N

-6 -4 -2 2 4 6 8 Result: The coordinate is (0, 9)
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Dividing Space: The Section Formula
The Relay Tower Problem

Scenario: A relay tower P must be
placed between A and B.

Town BT
Constraint: Distance to B is twice
the distance to A (Ratio 1:2).

Challenge: Distance tells us "how
far". Section formula tells us e
"precisely where" (x, V). (Origin)
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Constructing the Ratio

Deriving the Section Formula via Similarity

L By AA Similarity: APAQ ~ ABPC
B(X2,Y2)
yz e Ratiﬂ'ﬂ=A—Q=m=&
2 " BP PC BC m,
: ., X = Xp _ Mg
. my P(x,y) c X-Translation: oy
Y Q The Formula:
: A(xerj_)
= M1 Xo + MyX4 v = My, + Myy,
5 Q__ R X my + My mp + Mo
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Special Case: The Midpoint

Deriving the Section Formula via Similarity

< >
A o — === — — oB
: >|

When ratiom; : my, is 1 : 1...
The formula simplifies to the average of the coordinates.

+ +
PO [l e ]

Used for: Centers of circles, bisections, and diagonals of parallelograms.
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Advanced Division: Trisection
Dividing a segment into three equal parts

A(2r _2)

Step 1: Find P Step 2: Find Q

P divides AB 1n ratio 1 : 2 Q divides AB 1n ratio 2 : 1
(Or Q is the midpoint of PB)

Result: P(-1, 0) Result: Q(-4, 2)
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Finding the Unknown Ratio
The 'k : 1" Technique

P(4,i)///'\///1
A(-6, 10) k
T TRl =
Problem: In what ratio does P(-4, 6) divide D
A(-6, 10) and B(3, -8)2? -4k +1) = 3k - 6
Technique: Assume ratio 1s k : 1 to reduce -4k - 4 = 3k - 6
variables. Tk = 2

The Ratio 1s 2 : 7 e =22/7
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The Parallelogram Property
Using Diagonals to find missing coordinates

D(p, 3) C(9, 4)

Diagonals bisect
each other

A(6, 1) B{8, 2)

Physics | Engineering | Navigation | Seismology | Art in JetBrains Mono

Insight: Midpoint of AC = Midpoint of BD

Midpoint AC (x): (6 + 9) / 2 = 15/2
Midpoint BD (x): (8 + p) / 2
Equate: 15/2 = (8 + p) / 2

Solve: 15 =8 +p—->p =7
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Coordinate Geometry Toolkit

Distance Formula Distance from Origin

d = \/(X2 = x1)2 T (Yz = Y1)2 d = \/Xz + \/2

Measuring length, verifying shapes, collinearity. Distance from (0,0).

Section Formula Midpoint Formula

x_m1x2+m2X1 M = X1 + X2 Y1+ Y5
m, + m, 2 2

Dividing segments in ratios (k:1). Bisections, parallelogram diagonals.
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From Static Figures to Dynamic Algebra

yl) =P (X * L v,
/ M : ! - &£ '
= 1
d= \/(Xz =% )" (Yo =¥ £ Midpoint Formula
Distance Formula : 15 = (8 + p)
M = ’ ,. y —
2 2 L f m1 + m2
Section Formula Collinearity
\l © p = ( A }(2:
M1 Xy + MyXq 5
X = - m + m
m, + m, y = 1¥'2 2Y1
mp + My

We began with static points on a grid. We end with the ability to mathematically prove shapes,
calculate precise locations, and uncover hidden relationships between space and numbers.
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