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UNDERSTANDING VECTORS AND THEIR COMPONENTS

VECTORS ARE FUNDAMENTAL ENTITIES IN MATHEMATICS AND PHYSICS, REPRESENTING QUANTITIES THAT HAVE BOTH MAGNITUDE
AND DIRECTION. IN THE COORDINATE PLANE, VECTORS ARE OFTEN EXPRESSED IN TERMS OF THEIR COMPONENTS ALONG THE X-AXIS
AND Y-AXIS, TYPICALLY USING THE UNIT VECTORS | AND J. UNDERSTANDING HOW TO REPRESENT A VECTOR IN TERMS OF | AND J
IS CRUCIAL FOR SOLVING MANY PROBLEMS RELATED TO VECTOR ADDITION, SUBTRACTION, AND SCALAR MULTIPLICATION.

IN THIS ARTICLE, WE WILL EXPLORE HOW TO WRITE THE VECTOR V THAT ORIGINATES FROM AN INITIAL POINT P AND
TERMINATES AT POINT P2, WITH SPECIFIC EMPHASIS ON EXPRESSING V' IN TERMS OF THE UNIT VECTORS | AND J. WE WILL WORK

THROUGH A DETAILED EXAMPLE WITH THE INITIAL POINT P = (‘5, 3), AND GUIDE YOU STEP-BY-STEP ON HOW TO FIND THE
VECTOR V IN COMPONENT FORM.

DerINING THE VECTOR V IN THE COORDINATE PLANE

WHAT IS A VECTOR FROM P TO P2?

GIVEN TWO POINTS IN THE COORDINATE PLANE:

- INITIAL POINT P(X;, Y1)
- TERMINAL POINT P,(Xy,, Y5)

THE VECTOR V FROM P TO P, IS DEFINED AS:

\[
\vec{V} = \1ext{P} 2 - \texT{P}
\]

WHICH INVOLVES SUBTRACTING THE COORDINATES OF P FROM THOSE OF Pzi

\[
\Wece{V}=(x_2-x_1,v.2-v_1)
\]

THIS VECTOR POINTS FROM P TOWARDS P2, AND ITS COMPONENTS DESCRIBE THE CHANGE IN THE X AND Y DIRECTIONS.

EXPRESSING V IN TERMS OF | AND J

IN CARTESIAN COORDINATES, THE UNIT VECTORS | AND J ARE USED TO DENOTE DIRECTIONS ALONG THE X~ AND Y~-AXES,
RESPECTIVELY:



-1=(1,0)
-;=(0, D

ANY VECTOR IN THE PLANE CAN BE EXPRESSED AS A LINEAR COMBINATION OF THESE UNIT VECTORS:

\[
\Vec{V}=V_x\, \MATHBr{1} + V_v \, \MATHBF{}
\]

\WHERE!:

-\(V_x\) IS THE X-COMPONENT OF THE VECTOR
-\(V_v \) IS THE Y-COMPONENT OF THE VECTOR

EXPRESSING V IN TERMS OF | AND J ALLOWS FOR STRAIGHTFORWARD VISUALIZATION AND COMPUTATION, ESPECIALLY WHEN
PERFORMING VECTOR OPERATIONS.

GiveN DATA AND OBJECTIVE

IN OUR SPECIFIC SCENARIO, THE INITIAL POINT P IS GIVEN AS:

\[
P=(-5,3)
\]

THE TERMINAL POINT PQ IS NOT DIRECTLY PROVIDED, BUT THE PROBLEM FOCUSES ON EXPRESSING THE VECTOR V FROM P TO P2
IN TERMS OF | AND J ONCE PQ IS KNOWN.

FOR THE PURPOSES OF THIS EXAMPLE, LET'S ASSUME P, IS AT AN ARBITRARY POINT (X_2, Y_2): THE METHOD REMAINS THE
SAME REGARDLESS OF THE SPECIFIC TERMINAL POINT CHOSEN.

STeP-BY-STEP GUIDE TO WRITE V IN TERMS OF | AND |

STep 1: IbenTIFY THE COORDINATES OF P AND P,

- INTiaL poiNT P2 \( (-5, 3) \)
- TERMINAL POINT P,: \((x_2, v_2) \) (UNKNOWN OR GIVEN)

STep 2: CALCULATE THE COMPONENTS OF V

THE VECTOR V FROM P To P, Is:

\[
\Wec{V}=(x_2-(-5),vy 2-3)=(x_2+5,v_2-3)
\]



THIS GIVES THE CHANGE IN THE X~ AND Y-COMPONENTS.

STep 3: ExPress V IN TErMS oF | AND J

USING THE COMPONENTS:

\[
\WVec{V}=(x_2+5)\, \MaTHer{i} + (v_2 - 3) \, \MATHer{J}
\]

\WHERE:

-\((x_2 + 5)\) IS THE COEFFICIENT FOR |
-\((v_2-3)\) IS THE COEFFICIENT FOR

THIS IS THE GENERAL FORM OF THE VECTOR IN TERMS OF | AND J.

ExAMPLE: SPECIFIC TERMINAL POINT P,

T O MAKE THIS MORE CONCRETE, LET'S ASSUME A SPECIFIC TERMINAL POINT P2, FOR EXAMPLE!:

\[
P 2=(2,7)
\]

Now, CoMPUTE V:

\[

V. x=2-(-5)=2+5=7
\]

\[

V. vy=7-3=4

\]

EXPRESSED IN | AND J:

\[
\vec{V} =7\, \MaTHer{i} + 4\, \MATHer{J}
\]

THIS VECTOR INDICATES A MOVEMENT OF /7 UNITS ALONG THE X-AXIS AND 4 UNITS ALONG THE Y-AXIS FROM POINT P TO P2.

GENERAL FORMULA FOR VECTORS FROM ANY PoINT P TO P,

IF THE INITIAL POINT P(X3, Y1) AND TERMINAL POINT P,(X,, Yo) ARE KNOWN, THEN:

\l

\BOXED{



\Wec{V}=(x_2-x_1)\, \MaTher{i} + (v_2 - v_T1)\, \MATHer{J}
}
\]

THIS FORMULA PROVIDES A DIRECT WAY TO WRITE THE VECTOR IN COMPONENT FORM, WHICH IS ESSENTIAL IN MANY
APPLICATIONS SUCH AS PHYSICS, ENGINEERING, AND COMPUTER GRAPHICS.

APPLICATIONS OF VECTOR REPRESENTATION IN REAL LIFE

UNDERSTANDING HOW TO EXPRESS VECTORS IN TERMS OF | AND J IS FUNDAMENTAL IN VARIOUS FIELDS. HERE ARE SOME COMMON
APPLICATIONS!

- PHysics: CALCULATING DISPLACEMENT, VELOCITY, AND FORCE VECTORS.
- ENGINEERING: ANALYZING FORCES ACTING ON STRUCTURES.

- CoMPUTER GRAPHICS: MOVING OBJECTS ALONG SPECIFIED DIRECTIONS.

- NAVIGATION: DETERMINING THE SHORTEST PATH BETWEEN TWO POINTS.

SUMMARY AND KEY T AKEAWAYS

- THE VECTOR V FROM AN INITIAL POINT P(X;, Y;) TO A TERMINAL POINT P,(Xy,, Y,) IS GIVEN BY:

\[
\Wec{V}=(x_2-x_1)\, \MaTher{i} + (v_2 - v_T1)\, \MATHer{J}
\]

- WHen P is (-5, 3), THE VECTOR COMPONENTS DEPEND ON THE COORDINATES OF P,
- EXPRESSING VECTORS IN TERMS OF | AND J SIMPLIFIES CALCULATIONS AND VISUALIZATIONS.
- THE METHOD APPLIES UNIVERSALLY, REGARDLESS OF THE SPECIFIC POINTS INVOL VED.

CoNcLUSION

MASTERING HOW TO WRITE VECTORS IN TERMS OF | AND J STARTING FROM GIVEN POINTS IS A FOUNDATIONAL SKILL IN VECTOR
MATHEMATICS. WHETHER WORKING ON PHYSICS PROBLEMS, COMPUTER GRAPHICS, OR NAVIGATION, THIS APPROACH PROVIDES
CLARITY AND EFFICIENCY. REMEMBER TO ALWAYS IDENTIFY THE COORDINATES OF YOUR INITIAL AND TERMINAL POINTS,
SUBTRACT ACCORDINGLY TO FIND THE COMPONENTS, AND THEN EXPRESS YOUR VECTOR IN THE STANDARD FORM:

\[
\vec{V}=V_x\, \MaTrer{i} + V_v \, \mMaTHBF{J}
\]

BY PRACTICING WITH DIFFERENT POINTS AND SCENARIOS, YOU'LL DEVELOP CONFIDENCE IN MANIPULATING AND APPLYING
VECTORS TO A WIDE RANGE OF PROBLEMS.
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FORMULA, DISPLACEMENT, VECTOR ADDITION

FREQUENTLY ASkeD QUESTIONS

\WHAT IS THE VECTOR V IN TERMS OF | AND J IF P = (-5, 3) AND P2 IS A POINT WITH
COORDINATES (X2, Y2)?

The vecTor Vis GIVENBY V = (X2 - (-5 + (v2 -3 =(x2 + 5)1 + (¥v2 - 3)).

How DO YOU FIND THE VECTOR V FROM POINT P = (=5, 3) To A POINT P2 = (x2,
Y2)?

SUBTRACT THE COORDINATES OF P FROMP2: V = (x2 - (-8 + (v2-3)=(x2 + 51 + (v2 - 3)).

IF THE TERMINAL POINT P2 IS AT (2, - ), WHAT IS THE VECTOR V IN COMPONENT
FORMP

V=Q2-5+CE1-3=Tn+(4),s0V="71-4.

\W/HAT DOES THE VECTOR V REPRESENT IN THE CONTEXT OF POINTS P AND P2?

V REPRESENTS THE DIRECTED DISPLACEMENT FROM THE INITIAL POINT P TO THE TERMINAL POINT P2.

How CAN YOU EXPRESS THE VECTOR V IN TERMS OF THE COMPONENTS OF P2, GIVEN P
= (-5, 3)?

V =(x2+ 5)1+(¥2 - 3)), wHere (X2, Y2) ARE THE COORDINATES OF P2.

IFP21s AT (0, 0), WHAT IS THE VECTOR V FROM P = (-5, 3)?
V=00-G5)N+(0-3)y=5-3.

WHY IS IT IMPORTANT TO WRITE THE VECTOR V IN TERMS OF | AND J?

W/RITING V IN TERMS OF | AND J PROVIDES A CLEAR COMPONENT FORM THAT DESCRIBES THE VECTOR’S MAGNITUDE AND
DIRECTION IN THE COORDINATE PLANE.

CAN THE VECTOR V BE EXPRESSED WITHOUT KNOWING P2? WHY OR WHY NOT?

NO, BECAUSE THE COMPONENTS OF V' DEPEND ON THE SPECIFIC COORDINATES OF P2, WITHOUT P2, THE VECTOR CANNOT BE
FULLY DETERMINED.

How DOES THE INITIAL POINT P = (-5, 3) INFLUENCE THE COMPONENTS OF THE VECTOR
Ve

THE INITIAL POINT P DETERMINES THE SUBTRACTION OPERATION WHEN CALCULATING \/, IT SHIFTS THE VECTOR COMPONENTS
RELATIVE TO P’S COORDINATES.
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INTRODUCTION

VECTORS ARE FUNDAMENTAL ENTITIES IN MATHEMATICS AND PHYSICS, ENCAPSULATING BOTH MAGNITUDE AND DIRECTION. THEY
SERVE AS ESSENTIAL TOOLS FOR DESCRIBING MOTION, FORCES, AND VARIOUS SPATIAL RELATIONSHIPS. IN THE REALM OF
COORDINATE GEOMETRY, REPRESENTING VECTORS IN TERMS OF THE UNIT VECTORS | AND J IS A STANDARD AND POWERFUL
APPROACH, ALLOWING FOR CLEAR AND PRECISE COMPUTATIONS.

THIS ARTICLE EXPLORES THE PROCESS OF DERIVING A VECTOR V FROM AN INITIAL POINT P TO A TERMINAL POINT P2, WITH A
SPECIFIC FOCUS ON EXPRESSING V IN TERMS OF THE UNIT VECTORS | AND J. USING THE GIVEN INITIAL POINT P = (‘5, 3), WE

WILL DELVE INTO THE FUNDAMENTAL PRINCIPLES, STEP-BY-STEP CALCULATIONS, AND BROADER IMPLICATIONS OF VECTOR
REPRESENTATION IN CARTESIAN COORDINATES.

(UNDERSTANDING THE FUNDAMENTALS OF VECTORS IN THE CARTESIAN PLANE
WHAT Is A VECTOR?

IN T\WO-DIMENSIONAL SPACE, A VECTOR IS A DIRECTED LINE SEGMENT CHARACTERIZED BY ITS MAGNITUDE AND DIRECTION. IT1s
TYPICALLY REPRESENTED AS:

- A PAIR OF COMPONENTS CORRESPONDING TO ITS DISPLACEMENT ALONG THE X-AXIS (HORIZONTAL DIRECTION) AND Y-AXIS
(VERTICAL DIRECTION).

- AN EXPRESSION INVOLVING | AND J, WHERE:

- 11S THE UNIT VECTOR IN THE X-DIRECTION (1, O)
- J IS THE UNIT VECTOR IN THE Y-DIRECTION (O, 1)

THE RoLE oF UNIT VECTORS

EXPRESSING VECTORS IN TERMS OF | AND J PROVIDES A STANDARDIZED FORM:

\[
\Vec{V}=V_x \MaTHer{i} + V_v \MaTHer{)}
\]

\WHERE:

- \(V_x\) 1S THE X-COMPONENT (HORIZONTAL DISPLACEMENT)
-\(V_¥\) 1s THE Y-cOMPONENT (VERTICAL DISPLACEMENT)

THIS FORM ALLOWS FOR STRAIGHTFORW ARD ADDITION, SUBTRACTION, AND SCALAR MULTIPLICATION OF VECTORS, MAKING IT
INTEGRAL TO VECTOR CALCULUS AND PHYSICS.

THe ProBLEM CONTEXT: FROM PoINT P TO P,
GIVEN:

- InmiaL poinT \(P = (-5, 3) \)
- TerMINAL POINT \(P_2 = (x_2, v_2) \) (UnknOWN)



OUR GOAL:

- To peTerMINE THE VECTOR \( \vec{V} \) FrRoM P TO P,
- To express \( \vec{V} \) EXPLICITLY IN TERMS OF I AND J.

Step-BY-STEP DERIVATION OF THE VECTOR \( \vEc{V} )
1. UNDERSTANDING THE VECTOR FROM P TO P,

THe vecTor \( \VEC{V} \) THAT ORIGINATES AT P AND TERMINATES AT P, IS GIVEN BY:

\[
\vec{V} = \overriGHTARROW{PP 2} =(x_2-x_1,v_ 2-v_1)

\]

\WHERE!:

-\((x_7, y_1) \) ARE THE COORDINATES OF P
-\((x_2, y_2)\) ARE THE COORDINATES OF P,

Given \(P = (-5, 3) \), THIS SIMPLIFIES TO:

\[
\WVec{V}=(x_2+5,vy_2-3)
\]

NoTE: THE SUBTRACTION REFLECTS THE DISPLACEMENT FRoM \( P \) To \(P_2\).
2. Expressing \( \vec{V} \) INn Terms oF \( \MATHBF{1} \) anD \( \MaTHBF{)} \)

USING THE GENERAL FORM:

\[
\vec{V}=(x_2 + 5) \maTHere{1} + (v_2 - 3) \MATHBF{J}
\]

THIS EXPRESSION EXPLICITLY SHOWS HOW THE VECTOR COMPONENTS RELATE TO THE COORDINATES OF THE TERMINAL POINT.

SpeciFic CASES AND ADDITIONAL CONSTRAINTS

IN MANY PRACTICAL SCENARIOS, THE TERMINAL POINT \( P_2 \) MAY BE KNOWN, OR ADDITIONAL INFORMATION SUCH AS THE
MAGNITUDE OR DIRECTION oF \( \vec{V} \) MIGHT BE PROVIDED.

Case 1:Known \(P_2\)
Suppose \(P_2 =(x_2,Y_2) \) IS KNOWN, THEN:

\[
\vec{V}=(x_2+ 5) \maTHer{1} + (v_2 - 3) \MATHBF{J}
\]

WHICH IS A DIRECT AND EXPLICIT REPRESENTATION.

CASE 2: KNOWN MAGNITUDE AND DIRECTION



IF THE MAGNITUDE \( [\Vec{V}| \) anD THE DIRECTION (ANGLE \( \THETA \)) ARE KNOWN, THEN:

\[
\vec{V} = \vec{V}| \cos \tHeTA \, \MATHEF{1} + [\VEC{V}| \siNn \THETA \, \MATHBF{J}
\]

AND THE TERMINAL POINT COORDINATES CAN BE DERIVED ACCORDINGLY.

BROADER IMPLICATIONS AND APPLICATIONS

VECTOR REPRESENTATION IN PHYSICS

EXPRESSING VECTORS IN TERMS OF | AND J UNDERPINS THE ANALYSIS OF PHYSICAL PHENOMENA SUCH AS PROJECTILE MOTION,
FORCES, AND VELOCITY. FOR EXAMPLE, A VELOCITY VECTOR CAN BE BROKEN DOWN INTO HORIZONTAL AND VERTICAL
COMPONENTS, FACILITATING THE CALCULATION OF RESULTANT MOTION.

ENGINEERING AND COMPUTER GRAPHICS

IN ENGINEERING DESIGN AND COMPUTER GRAPHICS, VECTORS ARE USED EXTENSIVELY TO MODEL MOVEMENTS, FORCES, AND
TRANSFORMATIONS. THE ABILITY TO ARTICULATE A VECTOR FROM ANY POINT TO ANOTHER IN TERMS OF UNIT VECTORS
SIMPLIFIES COMPLEX CALCULATIONS AND VISUALIZATIONS.

NAVIGATION AND GEOSPATIAL ANALYSIS

IN NAVIGATION, ESPECIALLY IN GPS anp GIS SYSTEMS, REPRESENTING DISPLACEMENT VECTORS IN TERMS OF COMPONENTS
ALLOWS FOR PRECISE CALCULATIONS OF ROUTES, DISTANCES, AND DIRECTIONS.

EXTENDING THE ANALYSIS: ADDITIONAL VECTOR OPERATIONS

ONcEe A VECTOR \( \VEC{V} \) IS EXPRESSED IN COMPONENT FORM, VARIOUS OPERATIONS BECOME ACCESSIBLE:
- VECTOR ADDITION AND SUBTRACTION: COMBINING MULTIPLE VECTORS TO FIND RESULTANT DISPLACEMENTS.

- SCALAR MULTIPLICATION: SCALING THE VECTOR TO CHANGE ITS MAGNITUDE.

- DoT ProbuUCT: CALCULATING ANGLES BETWEEN VECTORS OR PROJECTING ONE ONTO ANOTHER.
- Cross ProbucT (IN 3D) DETERMINING THE AREA OF PARALLELOGRAMS FORMED BY VECTORS.

PracTIcAL ExampLE: CoMPUTING A SpeciFic \( \vec{V}\)

SuUPPOSE WE ARE GIVEN THAT \(P_2 = (2, 7) \). THen:

\[
\WVec{V} = (2 + 5) \maTrer{1} + (7 - 3) \MaTHBr{)} = 7 \MaTHBF{1} + 4 \MATHBF{J}
\]

THIS VECTOR INDICATES A DISPLACEMENT OF 7 UNITS IN THE X-DIRECTION AND 4 UNITS IN THE Y-DIRECTION FROM POINT \( P

\).

SigNIFICANCE oF ExpressING VECTORrS IN TerMs of \( \MaTHer{1} \) ano \( \mMaTHer{)} \)

THE ABILITY TO WRITE VECTORS EXPLICITLY IN TERMS OF UNIT VECTORS:



- PROVIDES CLARITY IN GEOMETRIC INTERPRETATIONS.

- SIMPLIFIES ALGEBRAIC MANIPULATIONS.

- FACILITATES THE USE OF VECTOR CALCULUS TECHNIQUES.

- ENABLES SEAMLESS TRANSITION BETWEEN GEOMETRIC AND ALGEBRAIC PERSPECTIVES.

CoNCLUSION

REPRESENTING THE VECTOR V FROM AN INITIAL POINT \( P = (-5, 3) \) To A TERMINAL POINT \( P_2 \) IN TERMS OF | AND J IS
A FUNDAMENTAL SKILL THAT BRIDGES COORDINATE GEOMETRY AND VECTOR ALGEBRA. |T UNDERPINS A WIDE ARRAY OF
APPLICATIONS ACROSS PHYSICS, ENGINEERING, NAVIGATION, AND COMPUTER SCIENCE.

BY UNDERSTANDING HOW To DERIVE \( \VEC{V} \) EXPLICITLY AS:

\[
\vec{V}=(x_2+ 5) \maTHer{1} + (v_2 - 3) \MATHBF{J}
\]

WE GAIN A VERSATILE TOOL FOR ANALYZING AND SOLVING REAL~WORLD PROBLEMS INVOLVING DISPLACEMENT, MOTION, AND
FORCE ANALYSIS. MASTERY OF THIS CONCEPT ENHANCES ONE'S ABILITY TO TRANSLATE GEOMETRIC INTUITION INTO PRECISE
ALGEBRAIC EXPRESSIONS, A CORNERSTONE OF MATHEMATICAL LITERACY.
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