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UNDERSTANDING
THE ESSENCE OF
LOCUS IN
MATHEMATICS

Mathemat i c s  i s  a
language  of  patterns,
relat ionships,  and
precise  definitions.
A m o n g  i t s  m a n y
elegant  concepts,  few
are as visually intuitive
and  mathematically
profound as the idea of
a  locus.  If  you  have
ever  wondered  how a
circle is defined, how a
satellite  dish  captures
s i gna l s ,  o r  how  a
p lanetary  orb i t  i s
t r aced ,  you  have
already  encountered

the concept of a locus.
But what is locus in
mathematics exactly?
In  s imple  terms,  a
locus (plural: loci) is a
se t  o f  po in ts  that
satisfy  a  specific
condition  or  a  set  of
conditions.  It  is  the
p a t h  t r a c e d  b y  a
moving  point  that
obeys a fixed rule. This
seemingly  simple  idea
forms the backbone of
classical  geometry,
coordinate  geometry,
and  even  advanced
fields  like  complex
analysis. In this article,
we  wil l  explore  the
formal  definition,  the
various  types  of  loci,
how  to  derive  their
equations,  and  their
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r e m a r k a b l e
applications in the real
world.

WHAT IS LOCUS IN
MATHEMATICS:
THE FORMAL
DEFINITION

To answer the question
what  i s  locus  in
mathematics  with
precision, we must turn
to  its  formal  definition.
A locus is the set of all
points  (usually  in  a
plane) that satisfy one
o r  m o r e  g i v e n
c o n d i t i o n s .  F o r
example, the condition
"a  point  is  at  a  fixed
distance from a given
center"  defines  a
circle. The locus is the
circumference  of  that
circle,  not  the  area
inside it. Every point on
the  circumference
obeys  the  rule;  no
other  point  does.  The
definition  is  both
logical  and  visual.  It
connects  the  abstract

world of equations with
the  tangible  world  of
shapes.  Historically,
the  ancient  Greeks,
particularly  Euclid  and
Apo l l on ius ,  we re
m a s t e r s  o f  l o c u s
r e a s o n i n g .  T h e y
u n d e r s t o o d  t h a t
geometric  objects  are
best  described by  the
ru les  the i r  po ints
fol low.  Today,  this
concept  remains  a
c o r n e r s t o n e  o f
geometry,  helping
s t u d e n t s  a n d
mathematicians  alike
to  translate  verbal
c o n d i t i o n s  i n t o
algebraic  expressions
and  vice  versa.

VISUALIZING A
LOCUS: THE
MOVING POINT
ANALOGY

One of  the best  ways
to grasp what is locus
in mathematics  is to
imagine a point moving
u n d e r  a  s t r i c t
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instruction.  Picture  a
tiny dot on a piece of
paper. The dot is told,
"You must always stay
exactly  3  centimeters
away  from  a  fixed
point  O."  As  the  dot
moves, it traces a path.
That  path  is  a  circle.
The path itself—the set
of all positions the dot
ever  occupies—is  the
locus. Now imagine the
dot is told,  "You must
always  be  the  same
distance from two fixed
points  A  and  B."  The
dot will trace a straight
l i n e  t h a t  c u t s
p e r p e n d i c u l a r l y
through  the  midpoint
of AB. That line is the
perpendicular bisector.
The  beauty  of  th is
visualization  is  that  it
m a k e s  a b s t r a c t
conditions  concrete.
Every  geometric  figure
can be reinterpreted as
a  locus.  A  line  is  the
locus of a point moving
in a constant direction.

A parabola is the locus
of  a  point  equidistant
from  a  fixed  point
(focus) and a fixed line
(directrix).  By  shifting
our  perspective  from
s t a t i c  s h a p e s  t o
dynamic  rules,  we
u n l o c k  a  d e e p e r
unders tand ing  o f
geometry.

KEY TYPES OF LOCI
IN PLANE
GEOMETRY

The Circle
as a
Locus
The circle is the most
classic  example  when
teach ing  what  is
l o c u s  i n
mathematics .  I ts
c o n d i t i o n  i s
straightforward: a point
P moves such that its
distance  from  a  fixed
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point O (the center) is
constant  (the  radius).
The locus is the set of
all  points  P  satisfying
OP  =  r .  Th is  i s  the
definition  of  a  circle.
Every circle, regardless
of size, is a locus. The
equation (x - h)² + (y -
k)² = r² is the algebraic
representation  of  this
locus in the coordinate
plane.  Understanding
t h i s  c o n n e c t i o n
between the geometric
condi t ion  and  the
algebraic equation is a
fundamental  skill  in
coordinate  geometry.

The
Perpendic
ular
Bisector

as a
Locus
Another essential locus
is  the  perpendicular
b i sec to r  o f  a  l i ne
segment. The condition
is: a point P moves so
that  it  is  equidistant
from two fixed points A
and B. The locus is the
straight  line  that  is
perpendicular  to  AB
and passes through its
midpoint. This locus is
c r i t i c a l  i n  m a n y
construction  problems,
such  as  finding  the
center  of  a  circle  or
l o c a t i n g  p o i n t s
equidistant  from  two
l a n d m a r k s .  T h e
e q u a t i o n  c a n  b e
derived by setting PA =
PB  and  simplifying,
which  always  yields  a
linear equation.
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The Angle
Bisector
as a

Locus
Consider a point P that
moves  such  that  it  is
always  equidistant
from  two  intersecting
lines. The locus is the
pair of lines that bisect
the  angles  formed  by
the  original  lines.  In
other words, P lies on
the angle bisector. This
locus is the foundation
for  constructing  the
incenter  of  a  triangle,
the  point  equidistant
from all three sides. It
a l s o  a p p e a r s  i n
optimization  problems
where you need to find
points that are equally
accessible  from  two
boundaries.

Conic
Sections
as Loci
T h e  c o n i c
sect ions—parabola,
e l l i p s e ,  a n d
hyperbola—are  al l
defined  as  loci.  This  is
perhaps  the  most
p o w e r f u l
demonstration of what
i s  l o c u s  i n
mathemat i cs .  A
parabola is the locus of
a  point  equidistant
from  a  fixed  point
(focus) and a fixed line
(directrix). An ellipse is
the  locus  of  a  point
where  the  sum  of  its
distances  to  two  fixed
p o i n t s  ( f o c i )  i s
constant.  A  hyperbola
is the locus of a point
where  the  absolute
difference  of  its
distances  to  two  fixed
points  is  constant.
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These  definitions  are
not  just  theoretical;
they govern the orbits
of  planets  (ellipses),
the  shape  of  satellite
dishes (parabolas), and
the  paths  of  comets
( h y p e r b o l a s ) .
Understanding  conics
as  loci  bridges  pure
mathemat ics  with
p h y s i c s  a n d
engineering.

HOW TO FIND THE
EQUATION OF A
LOCUS: A STEP-BY-
STEP APPROACH

O n e  o f  t h e  m o s t
pract ica l  sk i l l s  in
coordinate geometry is
converting a geometric
cond i t i on  in to  an
algebraic  equation.
When learning what is
l o c u s  i n
mathematics,  you
must  know  how  to
derive  its  equation.
He re  i s  a  gene ra l
method:

Identify the1.
moving point:
Assume the
moving point is
P(x, y).
Translate the2.
condition: Write
the given
geometric
condition in
terms of x and y.
For example,
"distance from
A(1, 2) is 5"
becomes √[(x -
1)² + (y - 2)²] =
5.
Simplify the3.
equation:
Remove square
roots by
squaring, expand
brackets, and
simplify to its
simplest form.
State the4.
locus: The
resulting
equation (e.g., x²
+ y² - 2x - 4y -
20 = 0)
represents the
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locus.

Let us work through a
simple  example.  Find
the locus of a point P
that is equidistant from
A(0,  0)  and  B(4,  0).
Condition: PA = PB. So,
√[(x - 0)² + (y - 0)²] =
√[(x -  4)²  + (y  -  0)²].
Squaring both sides: x²
+ y²  = (x -  4)²  + y².
Simplifying:  x²  =  x²  -
8x  + 16,  which  gives
8x = 16, so x = 2. The
locus is the vertical line
x = 2. This is precisely
the  perpendicular
bisector  of  segment
AB.

COMMON LOCI
PROBLEMS IN
COORDINATE
GEOMETRY

When  studying  what
i s  l o c u s  i n
mathematics, you will
encounter  several
classic problems. Here
are  a  few  common
t y p e s  w i t h  b r i e f

explanations:

Locus of a
point at a fixed
distance from a
line: This is a
pair of lines
parallel to the
given line, one
on each side.
Locus of a
point at a fixed
distance from a
circle: This is a
pair of concentric
circles, one
inside and one
outside the given
circle.
Locus of a
point whose
distances from
two fixed
points are in a
constant ratio:
This is a circle
known as the
Apollonius circle,
named after the
ancient Greek
geometer.
Locus of a
point that



8

8 What Is Locus In Mathematics 2024-07-31

subtends a
constant angle
at two fixed
points: This is
an arc of a circle,
specifically a
segment of a
circle known as
the arc of
constant angle.

Each of these problems
reinforces  the  core
idea:  a  geometr ic
condition  defines  a  set
of points, and that set
i s  a l w a y s  a
recognizable geometric
figure.  Solving  these
problems  sharpens
algebraic  manipulation
a n d  g e o m e t r i c
v i s u a l i z a t i o n
simultaneously.

APPLICATIONS OF
LOCUS IN THE
REAL WORLD

The question what is
l o c u s  i n
mathematics  is  not
merely  academic.  Loci

h a v e  p r o f o u n d
practical  applications
a c r o s s  s c i e n c e ,
eng ineer ing ,  and
t e c h n o l o g y .  I n
navigation,  the  Global
Positioning  System
( G P S )  u s e s  t h e
principle of loci. A GPS
receiver determines its
position  by  finding  the
intersection  of  loci:
each satellite provides
a  condition  (distance
from the satellite), and
the  receiver  is  at  the
intersection  of  these
spher i ca l  l oc i .  I n
robotics, path planning
o f t e n  i n v o l v e s
calculating the locus of
a  robot  arm  to  avoid
o b s t a c l e s .  I n
a rch i t ec tu re  and
design,  loci  define  the
curves  o f  a rches ,
domes,  and  bridges.
The ellipse, a locus of
c o n s t a n t  s u m  o f
distances,  is  used  in
whispering  galleries
where sound from one
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focus is reflected to the
other. The parabola, a
locus of equal distance,
focuses light and radio
waves ,  mak ing  i t
e s s e n t i a l  f o r
telescopes,  satellite
dishes, and headlights.
Even in  medicine,  the
principle  of  locus  is
used in radiotherapy to
f o c u s  r a d i a t i o n
precisely  on  a  tumor
while  sparing  healthy
tissue.

LOCUS IN HIGHER
MATHEMATICS

B e y o n d  b a s i c
geometry, the concept
of a locus extends into
more advanced areas.
In complex analysis, a
locus  can  be  defined
b y  c o n d i t i o n s  o n
complex  numbers,
such  as  |z  -  z₀|  =  r,
which  descr ibes  a
circle  in  the  complex
p l a n e .  I n  v e c t o r
geometry,  loci  are
described using vector

equations, such as r =
a  +  λb  for  a  l ine.  In
t h r e e - d i m e n s i o n a l
space,  loci  become
surfaces:  a  sphere  is
the locus of points at a
fixed  distance  from  a
center, and a plane is
the  locus  of  points
equidistant  from  two
points. In topology, the
i d e a  o f  a  l o c u s
general izes  to  the
concept of a manifold,
a  set  of  points  that
loca l ly  resembles
Euc l idean  space .
Understanding what is
l o c u s  i n
mathematics  at  this
foundational  level
prepares  students  for
these  sophisticated
m a t h e m a t i c a l
structures.

COMMON
MISCONCEPTIONS
ABOUT LOCUS

While learning what is
l o c u s  i n
m a t h e m a t i c s ,
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s t u d e n t s  o f t e n
e n c o u n t e r  a  f e w
misunderstandings.
One  common  error  is
confusing  the  locus
with  the  region.  For
example,  the  locus  of
points  at  a  distance
less  than  5  f rom  a
center  is  not  a  circle
but a disk; the locus is
strictly  the  boundary.
Another misconception
is that a locus must be
a curve; it can also be
a line, a point, or even
a  pair  of  points.  For
instance,  the  locus  of
points equidistant from
two intersecting lines is
a  p a i r  o f  a n g l e
b isectors .  A  th i rd
mistake is thinking the
locus  equation  must
involve both x and y. In
the  perpendicular
b isector  example
above,  the equation x
=  2  contains  only  x.
This  is  perfectly  valid;
it  describes  a  vertical
line.  Clearing  these

misconceptions  early
b u i l d s  a  s o l i d
foundation  for  further
study.

TEACHING AND
LEARNING
STRATEGIES FOR
LOCUS

For educators and self-
learners  al ike,  the
concept of locus lends
itself  beautifully  to
visual  and  interactive
l e a r n i n g .  U s i n g
dynamic  geometry
s o f t w a r e  s u c h  a s
GeoGebra  or  Desmos,
students  can  see  the
path traced by a point
as it obeys a condition.
This  real-time  visual
feedback  makes  the
abstract  definition
c o n c r e t e .  W h e n
teach ing  what  is
l o c u s  i n
mathematics,  start
with  simple  conditions
(fixed  distance  from  a
point)  and  gradually
increase  complexity
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(fixed  ratio  of
distances,  constant
angle).  Encourage
students to predict the
shape before seeing it.
T h i s  d e v e l o p s
geometric  intuition.
Another  effective
strategy  is  to  reverse
the  process:  given  an
equation, ask students
t o  d e s c r i b e  t h e
condition  that  defines
it.  For  example,  given
x ²  +  y ²  =  2 5 ,  t h e
condition  is  "distance
from origin is  5."  This
bidirectional  thinking
s t r e n g t h e n s  t h e
connection  between
algebra  and  geometry.

CONCLUSION

The concept of a locus
is  one  of  the  most
elegant  and  unifying
ideas  in  mathematics.
It  transforms  static
shapes  into  dynamic
s t o r i e s ,  t u r n i n g
geometric  figures  into
the visible record of a
moving point obeying a
rule.  From the  simple
circle  to  the  complex
orbits of planets, from
the  straight  line  of  a
perpendicular  bisector
to the intricate curves
of  conic  sections,  loci
a r e  e v e r y w h e r e .
Understanding what is
l o c u s  i n
mathematics  is  not
just  about memorizing
a  definition;  it  is  about
adopting a mindset


