Coordinate Geomelry V4

~ Quantitative /l,bt/tac/e - CSC Exams ~

«— circled = key formulac!

‘ Coordinate Geometry describes 'points, lines & shapes using numbers (x,4).

Master distance, section, slope & line-equation formulas — almost every SSC

‘ guestion is a direct plug-in.

@ The Cartecian Plane & Quadrants |-

« Coordinate axes: the horizontal x-axis & vertical y-axis, meeting at right angles at the origin
000,0).

« Abscissa = x-coordinate (L distance from y-axis). Ordinate = y-coordinate (L distance from x-
axis).

« A point is written as an ordered pair (x, y). y = a (constant) is a line || x-axis; x = a is a line |

y-axis.
g 4 )
ﬂ'(,zg. I(+) Sign rule (memorice!)
x QI (++) QI (—+)
Q : (=) @ IV: (+,-)
Iz (--) Vv (+-) Go anti-clockwise from Q I, only one sign flips each step.
g J
( )
Worked example — locate the quadrants
Step | — Point A(=3, S): x<0, y>0 — matches (—+).
Step 2 — Point B(4, —2): x>0, y<0 — matches (+,-).
Answer — A lies in Quadrant I, B lies in Quadrant IV.

S Y,

Points on the axes belong to no quadrant: (2,0) ic on the x-axis, (0,6) ic on the y-axis, and
(0,0) ic the origin.
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®@ The Distance Formvla

Distance between two points P(x),y)) and Q(x,,y,) is the hypotenuse of a right triangle formed

by Ax and Ay — a direct Pythagoras application.

e 2
6242) Dictance Formula
PQ = yl(xa—x))? + (y2-y)*1
PGdyl)  x2=I Distance from origin to (xy): V(x*+y°)
\_ J
( )
Worked example — distance between (2,3) and (%,15)
Step | — Ax=7-2=5, Ay =15-3 =12
Step 2 — PQ = [(S%+122) = J(25+144) = 169.
Answer — PQ = 13 units (the S-12-13 triple!).
. J
Dictance from the origin
« Distance of (6,8) from 000,0) = (62+8%) = 100 = 10.
« Distance of (=S,12) from 0 = J(25+144) = 169 = 13,
Try these
4 )
« Distance between (I,]) and (4,5): W(3°+4%) = §.
« Distance between (~2,3) and (2,0): W(4°+3%) = §.
. J
-
% Watch for the Pythagorean triples 3-4-5, 5-12-13, §-15-17 — SSC loves cetting Nx, Ny
a¢ one of these paire to cave Yyou the sfquare root!
S Y,
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@ Midpoint & Section Formula

The section formula finds the point that divides segment P® in a given ratio m ¢ n. The

midpoint is just the special case m = n = |.

N
m RGy) " Section Formula (internal, mn)
PGyl ¢ 06242 | RCxy) = C Gmxa+nx))/ (m+n) , (myy+ny)) / (m+n) )
J
4 )
Midpoint Formula. (m=n=1:1)
Midpoint = ( (qp+x3) /2 , (yy+ys)/ 2 )
\. J
( )
Worked example — midpoint of (2,3) and (8,11)
Step | —x = (2+8)/2 = S.
Step2 —y=(3+1)/2 =7
Answer — Midpoint = (5, 7).
\_ J
( )
Worked example — divide (1,2) & (% 11) internally in 2:1
Step | — x = Cx7+Ix1)/ (2+1) = 15/3 = S.
Step 2 — y = (2xII+1x2)/3 = 24/3 = 3.
Answer — R = (5, 8).
1\ _J

Ratio lefter order matterc: m goes with the far point Q(xz, Y5), n goes with the near point
p[x7‘y7} — " near @, n near P".
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@ External Divicion & Centroid

4 )
External Divicion (ratio mn)
R(xy) = ( (mxa—nx)/ (m-n) , (myy—ny))/ (m-n) )
Same as internal, just swap + for — — R now lies outside segment PQ.
\_ J
( )
Worked example — divide (1,2) & (7 11) externally in 2:1
Step | — x = (2x7-1x1)/ (2-1) = 13/1 = 13
Step 2 — y = 2xI1-Ix2) /] = 20.
Answer — R = (13, 20).
\_ J
Centroid of a Triangle
(x3y3) é )
Centroid Formula
ol G = ( (x,+X2+X3)/3 ’ (l/l+y2+y3)/3 )
o B2 Average of all three vertices — the "balance point'. )
( )
Worked example — centroid of (2,3),(4,7),(6,2)
Step | — x = (2+4+6)/3 =12/3 = 4.
Step 2 —y = (3+7+2)/3 =12/3 = 4,
Answer — G = (4, 4).
\_

IF the centroid & two verticec are given, the third vertex is found by simple reverse

cubctitution — a very common SSC question type.
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® Area of a Triangle & Collinearity
p

N
Area Formula
Area = Yo |x(yz—y3) + x2(y3—y) + x3(y-y,)|
Always take the modulus — area can never be negative.
\_ J
( )
Worked example — area. of (1.1), (4.1), (4.5)
Step | — Area = 1 [10-S)+4(S-1)+4(I-1)].
Step 2 — = V5|-G+16+0] = Vox12.
Answer — Area = 6 sq units (check: right D, legs 3&4 — Y5x3x4=6 V).
\_ J
Collinearity Tect
( )
Three points are collinear (lie on one straight line) < the "triangle" they form has Area = 0.
\_ J
( )
Worked example — are (1,2),(3,6),(5,10) collinear?
Area = % [1(6-10)+3010-2)+5(2-6)| = %5|-4+24-20] = Vsx0 = 0 — collinear (all lie on
y=2x).
1\ _J
Try these
Area of (0,0),(5,0),(0,4) = 10 Area of (2,1),(4,1),(6,4) = 4.5

7o find an vnknown coordinate that makee 3 pointe collinear, simply cet the Area formula = 0

and colve — a one-line linear equation.
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® Slope of a Line

Slope (gradient) measures how steep a line is — the "rise over run" between any two points on
it.

4 )
, Slope Formula
e | m = (yg-y)) / Cxa—x)
""" p ;;1'5&;)'““" = tan®, © = angle the line makes with +x-axis.
\_ J
( )
Worked example — clope through (2,3) and (6,11)
Step | — m = (11-3)/(6-2) = 8/ 4.
Answer — m = 2 (steep, rising left-to-right).

1\ _J
Four types of clope
Line divection Slope Example
Rising (~ ) Positive 0.0&(3,5) — m=2
Falling (/) Negative 0,5)&(3,])) — m=-2
Horizontal () 0 (3,4)&(7,4) — m=0
Vertical (1)) Undefined (,5)&0,9) — %/0
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@ Equations of a Line

( )
Four standard forms
« Slope-intercept: y = mx + ¢ (c = y-intercept)
« Point-slope: y — y) = m(x — x))
« Two-point: y—y) = [(y—y))/ (xa=x))1(x=x))
« Intercept form: x/a + y/b = | (a = x-intercept, b = y-intercept)
\. J
( )
Worked — line through (2,3), clope 4
Step | — y-3 = 4(x-2).
Step 2 — y—3 = Gx-8 — y = 4x=S.
Answer — y = 4x — S. Check at x=2: y=8-5=3 v
\ J
( )
Worked — write 3x+4y=12 in infercept form
Step | — divide throughout by 12: x/ 4 + y/ 3 = |.
Answer — x-intercept = 4, y-intercept = 3.
\_ J

Two-point form — example

[Line through (1,2) & (3,8): m = (8-2)/(3-1) = 3. Using (1,2): y—2=3(x-1) — y = 3x — |. ]

For line ax+by+c=0: x-intercept = —¢/a, y-intercept = —e/b — cet the other variable fo 0

mentally.
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Parallel Perpendicular & Angle

é )
The two golden conditione

« Parallel lines = m) = my (same slope, never meet).

« Perpendicular lines = m) x my = =1 (slopes are negative reciprocals).

\ J
(" )
Angle between two lines

tand = | (mp—my) / Q+mmy) |

- J
( )
Worked — are lines with m=2 and m=—V5 perpendicular?
Step — mpxmy = 2 x () = -l
Answer — Product = —| .. Yes, perpendicular.
\ J
( )
Worked — angle between linec m =1, m,=0
tan® = [(1-0)/ (1+0)] =1 — 6 = 45° (a line of slope | meets the x-axis at 45°).
g J
Try these
Line || to y=3x+2 has slope 3 Line L to y=3x+2 has slope =1/ 3
2x+3y=6 & 4x+6y=S are parallel x—y=| & x+y=5 are perpendicular
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© Dictance from o (ine
p

~
Point-to-line dictance
D = | axptbypre | / (a®+b?) for point (x,y)), line ax+by+c=0
\_ J
( )
Dictance between two parallel lines
D=|]¢—cyl| 7/ «@®+b?) for ax+by+c)=0 & ax+by+c,=0
\§ J
( )
Worked — distance of (2,3) from 3x+4y-6=0
Step | — numerator = [3(2)+4(3)-6] = |6+I12-6] = 12.
Step 2 — denominator = ((3°+4%) = S.
Answer — D = 12/5 = 2.4 units.
\. J
( )
Worked — distance between 3x+4y+2=0 & 3x+9y-8=0
D = [2-(-8)] / /(3+16) = 10/S = 2 units.
\_ J

Ll L2

N

Both parallel lines must have the came a, b (rewrite one if needed) befsre ucing the shorteut

D= [e—c,lA (2% +6%). /
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Reflection of a Point

A reflection is a mirror image across an axis or line — the mirror-line becomes the perpendicular

bisector of the segment joining a point and its image.

4 )
Reflection Rules for P(a,b)
Cor) R fp(a’b) In x-axis — (a, =b)
n y-axis — (-a, b)
oy R ‘(a’_b) In origin — (-a, —=b)
In line y=x — (b, a)
\_ J
N
Worked — reflect (3, -5)
x-axis — (3,5) - y-axis — (-3,=S) - origin — (-3,5) - y=x — (-S,3).
J
Try these
(4,7) in x-axis — (4,-7) (-2,6) in y-axis — (2,6)
Q,-1) in origin — (-1,1) (5,9) in y=x — (3,5)

:I Reflecting twice through the origin (or x-axis then y-axis) brings you back to the same sign
. = patfernaca 180° rotation — (ab)— (-2,-b).

_________________
______________________________________________________________

N ——
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@ Special Points of a Triangle

« Centroid (6) — meeting point of medians; average of vertices.

« Circumcenter (0) — equidistant from all 3 vertices; meeting of perpendicular bisectors of sides.

« Orthocenter (H) — meeting point of the three altitudes.

« Incentre (1) — equidistant from all 3 sides; meeting of angle bisectors.

( )
Incentre Formula
I = ( (axy+bxy+exz) / (a+b+c) |, (ay+bys+cys)/ (a+b+c) )
a,b,c = side lengths opposite to vertices A,B,C.
\§ J
N
Euler (ine
H, G, O are collinear. G divides HO in ratio 2.l
6=0Q0+H)/ 3
J
( )
Worked— H:(B, 3)1 0:(01 0}1 ﬁ“dG
6 = (200,0)+(3,3))/3 = (3,3)/3 = Q).
\_ J
4 )
Worked — incentre of right A A(0,0),8(4,0),C(0,3)
Sides: aCopp A)=BC=S, b(opp B)=AC=3, c(opp C)=AB=4. | = ((5:0+3-9+4-0)/ 12,
(5:0+3-0+43)712) = Q, 1).
\_ J
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@ Circle — Basic Equation

A circle is the set of points at a fixed radius r from a fixed centre (h,k)‘ SSC mostly asks you

to read off centre & radius.
4 N
Standard form

(=h)? + (y=k)? = r?

General form
X2 +y?+29x+2fy+c=0

Centre = (=9,~f), radius = /(g?>+F*>—c)
~ J

Worked — centre & radivs of x*+y*—6x+8y-11=0
Step | — 29=—-6 = ¢g=-3; 2f=8 = f=4; c=-II.
Step 2 — centre = (—g9,—f) = (3,-4); radius = J(3+16+1) = +/36.

Answer — centre (3,-4), radius 6.
\_ _J

Try these

« Circle with centre (2,-3), radius S: (x-2)%+(y+3)*=2S.
« x%+y?=49 has centre (0,0), radius 7.

In general form, the coefficientc of x> and v/z must both be 1 (e7ua/& no xy term) before |
reading off 9, £, ¢ — divide through firct if not. \
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Solved Examples |2

Q1. Dictance between (3,4) and (-3,-4).

(B-(-3))?+(4-(-49))?] = W(36+64) = 100 = 0.
1\

P
Q2. Point dividing (2,-2) & (~2,4) internally in ratio 1:2.

x=(Ix=7+2x2)/ 3 = =3/ 3 = —I; y=(Ix4+2x-2)/3 = 0/3 = 0 — (-, 0).
.

-
Q3. Slope of the fine perpendicular to 2x-3y+6=0.

Slope of given line = —a/b = 2/ 3. Perpendicular slope = =3/ 2.
\_

-
Q4. Find k o that (0,1), (2,5), (£ 11) are collinear.

00s=1D+2(N-1)+k(1-5)=0 — 20-4k=0 — k = §.
1\

-
Q5. Equation of the line through (1,2) and (3,8).
m=(8-2)/(3-1)=3; y-2=3(x-1) — y = 3x - |.

.

-
Q6. Centroid of (2,1),(x 3),(4.y) ic (3,.2). Find x+y.

(6+x)/ 3=3 = x=3; (4+y)/3=2 = y=2. x+y = §.
\_

-
Golden move (R4 & Q6) — when one coordinate ic unbrown, plug the given formula and colve

the resulting one-variable linear equation — almost every SSC quection ends thic way.




® High-Frequency SSC Shorteuts

N
Instant reads from a fine'’c equation ax+by+e=0
« Slope = —a/b - x-intercept = —¢/a - y-intercept = —c/ b
« Parallel test (no slope needed): ay/ ay = b)/ by # ¢/ ¢,
- J
( )
Worked — read off line 3x+4y-12=0
Slope = =3/ G; x-intercept = 12/ 3 = 4; y-intercept = 12/ 4 = 3.
\_ J
( )
Parallelogrom test
ABCD is a parallelogram < widpoint of diagonal AC = midpoint of diagonal BD.
- J
( )
Worked — A(1,2),8(4,3),C(6,7),D(3,6): ic ABCD & B gram?
Mid AC = (3.5, 4.5); Mid BD = (3.5, 4.5). Equal — Yes, parallelogram.
. J

Right-angle-triangle incentre shortcut

If the right angle is at the origin with legs along the axes, the incentre sits at (r, r), where r =

inradius = (sum of legs — hypotenuse)/ 2.

To check if 3 pointe make a right triangfe, find all 3 clopec — if any two multiply to ~1, that'

the right angle. No need to compute all 3 cide lengths.

page 14



Practice Set [

). Distance between (0,0) & (6,8)? (a) 10 (b) 149 (c) 8 (d) 6

2. Midpoint of (2,3) & (8,11)? (a) (5,7) (b) (4,6) (o) (6,3) (d) (538)

3. Centroid of (1,2),(3,4),(5,6)? (a) (3,4) (b) (2,3) () (4,5) () (3,3)

4. Slope through (2,3) & (5,9)? (@)1 ) 2 () 3 () »%

S. Which point lies in Quadrant 111? (a) (2,-3) (b) (-2,3) (c) (-2,-3) () (2,3)
6. Area of N(0,0),(4,0),(0,3)? (a) 6 (b) 12 () 7 () 3.5

7. Line L to y=2x+3 has slope? (a) 2 (b) -2 (c) ¥» (d) -V

8. x-intercept of 4x+Sy=20? (a) S (b) 4 (c) 20 ()}

9. Reflection of (4,-7) in the y-axis? (a) (-4,-7) () (4,7) () (-4,7) () (,-49)
10. Distance of (3,4) from line 3x+4y—10=0? (a) | (b) 2 (c) 3 (d) 0.6

N. Points (1,1),(2,2),(3,3) are: (a) Collinear (b) A triangle (c) Concyclic (d) None
12. Midpoint of (1,1) & (5,5)? (a) (2,2) ) (3,3) (o) (4,9) () Q1)

13. Lines with m=3, m,=3 are: (a) Perpendicular (b) Parallel (c) Meet at 90° (d) None

14. Line of slope 0 through (2,5)? (a) x=2 (b) y=S (c) x=§ (d) y=2
.

( A
Answer Key — with working

1—(a) (36+64)=10 - 2—(a) ((2+8)/2,(3+I1)/2) - 3—(a) avg of vertices - 4—(b) (9-3)/(5-2)
- §-() (--) - 6-(a) %ix4x3 - 7—(d) neg. reciprocal - 8—(a) y=0=>x=S - 9—(a) (—xy) -
10—-(c) |9+16-10]/S - N—(a) area=0 - 12—(b) midpoint - 13—(b) equal slopes - 14—(b)

horizontal line.
\_ J

Exam file — vecent SSC C6L flavoor

( )
« Find the x-intercept of Sx+2¢=20. — y=0 = 5x=20 = x = 4.

< In A ABC, B(8,2), C(37), centroid 6(4,4). Find A. — (x+6+3)/3=4 = x=3; (y+2+7)/3=4 = y=3
= A=(033).

< Slope of lime 1 to y==Sx+2. — m)==§ = m, =1/ .
. J

\
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Extra Solved Examples [

( )
A. Find the ratio in which (2,y) divides (1,3) & (4,9); also find y.
Let ratio = kil. x: 2=(Gk+1)/ (k+1) = 2k+2=Gk+] = k=) = ratio 1:2. Then y=Ck-9+3)/ (k+1)=
(4.5+3)/1.5=S.
\_ J
( )
B. Dictance between parallel lines 5x+12y-9=0 & 5x+12y+9=0.
V(25+144)=13. D = [-46-49]/13 = 13/13 = | unit.
\_ v,
( )
C. P(x 3) ic equidictant from A(2,1) & B(6,5). Find .
(=2)°+4 = (x=6)°+4 > —bx+4=—12x+36 = 3x=32 = x = 4.
1\ W,

Quick Revicion

( )
V' Quadrants: 1(++) 11(=+) II(=,=) IV(+,-). Distance = (Ax*+My?). Midpoint avgs coords; Section =

(mxatnx)) / (mn).

v Centroid = avg of 3 vertices. Area = % |x,(yr—y3)+x5(y3—y))+x3(y)—y,)l; collinear < Area=0.
v Slope m=Ly/ Ax = —a/ b. Parallel: m)=m,. Perpendicular: mm,=—I. Point-line
D=|ax+by +c|/ o’ +b?).

v Reflections: x-axis(a,—b), y-axis(-a,b), origin(—a,~b), y=x(b,a). Euler line: 6=(20++)/ 3.
\_ J

Coordinate Geometry — plot it, don't fear it!
@prepyodha - prepyodha.in
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