VECTORS PHYSICS 1

(UNDERSTANDING THE FOUNDATIONAL CONCEPTS OF VECTORS IN PHYSICS IS CRUCIAL FOR ANYONE DELVING INTO MECHANICS,
ELECTROMAGNETISM, OR EVEN ADVANCED THEORETICAL PHYSICS. VECTORS PHYSICS 1 SERVES AS THE GATEWAY TO
COMPREHENDING QUANTITIES THAT POSSESS BOTH MAGNITUDE AND DIRECTION, WHICH ARE ESSENTIAL FOR ACCURATELY
DESCRIBING THE PHYSICAL WORLD. UNLIKE SCALAR QUANTITIES, WHICH ARE DEFINED BY A SINGLE NUMBER, VECTORS REQUIRE
MORE INFORMATION TO BE FULLY SPECIFIED. THIS ARTICLE WILL PROVIDE A COMPREHENSIVE EXPLORATION OF VECTORS IN
PHYSICS, COVERING THEIR FUNDAMENTAL DEFINITIONS, PROPERTIES, OPERATIONS, AND APPLICATIONS, EQUIPPING YOU WITH THE
KNOWLEDGE TO CONFIDENTLY TACKLE PHYSICS PROBLEMS INVOLVING THESE VITAL ENTITIES. WE'LL BREAK DOWN THE CORE
IDEAS, FROM WHAT A VECTOR TRULY IS TO HOW WE MANIPULATE THEM MATHEMATICALLY AND APPLY THEM TO REAL-WORLD
SCENARIOS.
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WHAT ARE VECTORS IN PHYSICS?

IN THE REALM OF PHYSICS, A VECTOR IS A FUNDAMENTAL CONCEPT THAT GOES BEYOND MERE NUMERICAL VALUE. IT's A
QUANTITY THAT HAS BOTH A MAGNITUDE (ITS SIZE OR AMOUNT) AND A DIRECTION. THINK ABOUT IT: SIMPLY SAYING A CAR IS
MOVING AT 60 MILES PER HOUR ISN'T ENOUGH INFORMATION IF YOU WANT TO KNOW ITS POSITION LATER. YOU ALSO NEED TO
KNOW WHICH WAY IT'S GOING = IS IT HEADING NORTH, SOUTH, EAST, OR WEST? THIS IS WHERE VECTORS SHINE. THEY ARE THE
PERFECT TOOL FOR DESCRIBING PHENOMENA WHERE DIRECTION IS JUST AS IMPORTANT AS THE SHEER INTENSITY OF THE
QUANTITY.

SCALAR QUANTITIES, ON THE OTHER HAND, ONLY HAVE MAGNITUDE. EXAMPLES INCLUDE TEMPERATURE, MASS, AND TIME. You
CAN DESCRIBE THE TEMPERATURE OF A ROOM WITH A SINGLE NUMBER, LIKE 25 DEGREES CELSIUSI AND THAT'S ALL THE
INFORMATION YOU NEED. HO\X/EVER, WHEN WE TALK ABOUT FORCES ACTING ON AN OBJECT, THE DIRECTION OF THAT FORCE IS
PARAMOUNT. PUSHING A BOX WITH 10 NEWTONS OF FORCE DOWNW ARDS IS VERY DIFFERENT FROM PUSHING IT WITH 10
NEW TONS OF FORCE HORIZONTALLY. VECTORS CAPTURE THIS DIRECTIONAL ASPECT, MAKING THEM INDISPENSABLE FOR A DEEP
UNDERSTANDING OF HOW THE UNIVERSE \WORKS.

REPRESENTING VECTORS

\/ISUALLY, VECTORS ARE OFTEN REPRESENTED BY ARROWS. THE LENGTH OF THE ARROW SIGNIFIES THE MAGNITUDE OF THE
VECTOR, WITH LONGER ARROWS INDICATING LARGER MAGNITUDES. THE ARROWHEAD POINTS IN THE DIRECTION OF THE VECTOR.
THIS VISUAL REPRESENTATION MAKES IT INTUITIVE TO GRASP THE CONCEPT OF A VECTOR. FOR INSTANCE, A WIND VECTOR
MIGHT BE DRAWN POINTING IN THE DIRECTION THE WIND IS BLOWING, WITH ITS LENGTH REPRESENTING THE WIND SPEED.

MATHEMATICALLY, VECTORS CAN BE REPRESENTED IN A COUPLE OF WAYS. IN ONE DIMENSION, A VECTOR CAN BE A SIMPLE SIGNED
NUMBER (E.G./ +5 METERS FOR DISPLACEMENT TO THE RIGHT, -3 METERS FOR DISPLACEMENT TO THE LEFT). HO\X/EVEE, FOR TWO
AND THREE DIMENSIONS, WE TYPICALLY USE COMPONENT NOTATION. A VECTOR IN TWO DIMENSIONS (LIKE ON A FLAT SURFACE)
CAN BE WRITTEN AS AN ORDERED PAIR OF NUMBERS, SUCH AS (X, Y), WHERE ‘X’ REPRESENTS THE COMPONENT OF THE VECTOR
ALONG THE HORIZONTAL AXIS AND ‘Y’ REPRESENTS THE COMPONENT ALONG THE VERTICAL AXIS. IN THREE DIMENSIONS, IT



BECOMES AN ORDERED TRIPLET (X, Y, ).

CARTESIAN COORDINATES FOR VECTOR REPRESENTATION

THE MOST COMMON WAY TO REPRESENT VECTORS MATHEMATICALLY, ESPECIALLY IN INTRODUCTORY PHYSICS, IS USING
CARTESIAN COORDINATES. IN A 2D CARTESIAN SYSTEM, A VECTOR V CAN BE WRITTEN AS V = (v, v,). HERE, V, IS THE
SCALAR COMPONENT OF THE VECTOR ALONG THE X-AXIS, AND V, IS THE SCALAR COMPONENT ALONG THE Y-AXIS. SIMILARLY, IN
3D, v=_v, v, V).

THE MAGNITUDE OF A VECTOR V = (V,, V,) IN 2D CAN BE CALCULATED USING THE PYTHAGOREAN THEOREM: [V| = ] (37 +
v,2). For A 3D vecTor v = (v, v,, V,), THE MAGNITUDE IS [v| =[] (2 + v,2 + V,2). THIS FORMULA IS DERIVED DIRECTLY
FROM APPLYING THE PYTHAGOREAN THEOREM TWICE.

Key VECTOR PROPERTIES

UNDERSTANDING THE PROPERTIES OF VECTORS IS FUNDAMENTAL TO MANIPULATING THEM CORRECTLY. ONE OF THE MOST
IMPORTANT PROPERTIES IS THE CONCEPT OF EQUALITY. TWO VECTORS ARE CONSIDERED EQUAL IF AND ONLY IF THEY HAVE
BOTH THE SAME MAGNITUDE AND THE SAME DIRECTION. |T DOESN'T MATTER WHERE THEY START OR END, IF THEY POINT IN THE
SAME WAY WITH THE SAME LENGTH, THEY ARE THE SAME VECTOR.

ANOTHER CRUCIAL PROPERTY IS THE ZERO VECTOR. THIS IS A VECTOR WITH ZERO MAGNITUDE AND, STRICTLY SPEAKING, AN
UNDEFINED DIRECTION. |T'S OFTEN DENOTED AS 0. ADDING THE ZERO VECTOR TO ANY OTHER VECTOR RESULTS IN THAT ORIGINAL
VECTOR, MEANING IT ACTS AS AN ADDITIVE IDENTITY, MUCH LIKE ZERO DOES FOR SCALAR NUMBERS. THE ZERO VECTOR PLAYS A
SIGNIFICANT ROLE IN CERTAIN PHYSICS EQUATIONS AND THEOREMS.

EQUALITY oF VECTORS

AS MENTIONED, VECTOR EQUALITY IS STRICT. IF YOU HAVE TWO VECTORS, A AND B, THEY ARE EQUAL (A = B) IF THEIR
CORRESPONDING COMPONENTS ARE EQUAL. So, IF A=(A_, A,)) axoB=(B,, B,), THENA =B IF AND ONLY IF A, =B, AND A
= B,. THIS PRINCIPLE EXTENDS TO THREE DIMENSIONS AS WELL. THIS MEANS THAT VECTORS CAN BE “FREE” OR “SLIDING”
VECTORS ~ YOU CAN MOVE THEM AROUND IN SPACE AS LONG AS YOU MAINTAIN THEIR LENGTH AND ORIENTATION.

Y

THE ZEro VECTOR

THE zERO VECTOR, O, HAS A MAGNITUDE OF ZERO. WHILE ITS DIRECTION IS TECHNICALLY UNDEFINED, IT'S OFTEN VISUALIZED AS
A POINT. W/HEN PERFORMING VECTOR ADDITION, ADDING THE ZERO VECTOR TO ANY VECTOR A YIELDS A ITSELF: A+ 0 = A.
SIMILARLY, MULTIPLYING ANY VECTOR A BY THE SCALAR ZERO RESULTS IN THE zERO VECTOR: O A = Q.

VECTOR OPERATIONS: ADDING AND SUBTRACTING VECTORS

ADDING VECTORS IS A FUNDAMENTAL OPERATION, AND IT'S NOT AS SIMPLE AS ADDING THEIR MAGNITUDES. BECAUSE DIRECTION
MATTERS, VECTOR ADDITION FOLLOWS SPECIFIC GEOMETRIC OR ALGEBRAIC RULES. GEOMETRICALLYI THE "TIP-TO-TAIL”
METHOD IS OFTEN USED. YOU PLACE THE TAIL OF THE SECOND VECTOR AT THE TIP OF THE FIRST VECTOR, AND THE RESULTANT
VECTOR IS DRAWN FROM THE TAIL OF THE FIRST TO THE TIP OF THE SECOND. THIS VISUALLY DEMONSTRATES HOW COMBINING
TWO DISPLACEMENTS, FOR EXAMPLE, RESULTS IN A NET DISPLACEMENT.



ALGEBRAICALLY, VECTOR ADDITION IS STRAIGHTFORW ARD WHEN USING COMPONENT NOTATION. TO ADD TWO VECTORS, YOU
SIMPLY ADD THEIR CORRESPONDING COMPONENTS. IF A = (A, A)) ano B=(B,, B,), THeN THER SuM C = A + B is civen gy C
= (A, +B, A, +B,). THIS ALGEBRAIC APPROACH IS GENERALLY MORE PRACTICAL FOR CALCULATIONS.

THE TiP-To-TAIL MeTHoD (GRAPHICAL ADDITION)

IMAGINE YOU WALK 3 METERS EAST AND THEN 4 METERS NORTH. T O FIND YOUR TOTAL DISPLACEMENT (A VECTOR), YOU
WOULD DRAW AN ARROW REPRESENTING THE 3 METERS EAST. THEN, STARTING FROM THE END OF THAT ARROW, YOU WOULD
DRAW ANOTHER ARROW REPRESENTING THE 4 METERS NORTH. THE RESULTANT DISPLACEMENT VECTOR WOULD BE THE ARROW
DRAWN FROM YOUR STARTING POINT TO YOUR FINAL POSITION. USING THE PYTHAGOREAN THEOREM, YOU'D FIND THE
MAGNITUDE OF THIS DISPLACEMENT TO BE 5 METERS, AND ITS DIRECTION WOULD BE NORTHWEST ~ISH.

COMPONENT-WISE ADDITION

LET'S SAY YOU HAVE TwO FORCE VECTORS: F, = (5N, 2 N) anD F, = (-3 N, 7 N). To FIND THE NET FORCE F, = F, + F,,
YOU ADD THE X-COMPONENTS AND THE Y-COMPONENTS SEPARATELY: F. = (B N+ (-3 N), 2N+ 7 N)=(2N, 9 N). THis

MEANS THE NET FORCE HAS A MAGNITUDE OF [F] (22 + 92) = 9.22 N AND IS DIRECTED AT AN ANGLE DETERMINED BY
ARCTAN(D/2).

VECTOR SUBTRACTION

SUBTRACTING VECTORS IS ESSENTIALLY ADDING THE NEGATIVE OF A VECTOR. THE NEGATIVE OF A VECTOR A, DENOTED AS -A,
IS A VECTOR WITH THE SAME MAGNITUDE AS A BUT POINTING IN THE OPPOSITE DIRECTION. SO, A - B Is THE SAME AS A + (-B).
FA=(A,A)anB=(B,B,), THen -B = (-B,, -B,). THererore, A -B = (A -B,, A, - B,). THIS COMPONENT-W/ISE
SUBTRACTION IS THE ALGEBRAIC WAY TO HANDLE VECTOR SUBTRACTION.

SCALAR MULTIPLICATION OF VECTORS

SCALAR MULTIPLICATION INVOLVES MULTIPLYING A VECTOR BY A SCALAR (A PLAIN NUMBER). THIS OPERATION CHANGES THE
MAGNITUDE OF THE VECTOR, AND POTENTIALLY ITS DIRECTION, BUT NOT ITS FUNDAMENTAL ORIENTATION. [F YOU MULTIPLY A
VECTOR BY A POSITIVE SCALAR GREATER THAN 1, YOU STRETCH IT. [F YOU MULTIPLY BY A POSITIVE SCALAR BETWEEN O AND
-|, YOU SHRINK IT. [F YOU MULTIPLY BY A NEGATIVE SCALAR, YOU REVERSE ITS DIRECTION AND CHANGE ITS MAGNITUDE.

For A VECTOR V = (V,, V,) AND A SCALAR 'C’, THE SCALAR PRODUCT CV IS GIVEN BY cV = (C Vv,, € V,). THE MAGNITUDE OF
cv is || [v]. THIS OPERATION IS INCREDIBLY USEFUL FOR SCALING FORCES, VELOCITIES, OR DISPLACEMENTS ACCORDING TO SOME
FACTOR.

SCALING VECTOR MAGNITUDE AND DIRECTION

CONSIDER A VELOCITY VECTOR V REPRESENTING A CAR MOVING AT 20 M/S EASTWARD. |F WE MULTIPLY THIS VECTOR BY 2,
WE GET 2V, WHICH REPRESENTS A VELOCITY OF 40 M/S EASTWARD. IF WE MULTIPLY IT BY -0.5, WE GeT -0.5vV,
REPRESENTING A VELOCITY OF 10 M/S WESTWARD. THIS SIMPLE OPERATION ALLOWS US TO ADJUST THE INTENSITY OF VECTOR
QUANTITIES BASED ON EXTERNAL FACTORS OR RELATIONSHIPS.



VECTOR COMPONENTS AND UNIT VECTORS

BREAKING DOWN A VECTOR INTO ITS COMPONENTS IS A CORNERSTONE OF VECTOR ANALYSIS IN PHYSICS. UNIT VECTORS ARE
SPECIAL VECTORS WITH A MAGNITUDE OF 1 THAT ARE USED TO DEFINE DIRECTIONS IN A COORDINATE SYSTEM. IN A 2D
CARTESIAN SYSTEM, THE STANDARD UNIT VECTORS ARE I, POINTING IN THE POSITIVE X-DIRECTION, AND J, POINTING IN THE
POSITIVE Y-DIRECTION. IN 3D, WE ALSO HAVE K, POINTING IN THE POSITIVE Z-DIRECTION.

ANY VECTOR V CAN BE EXPRESSED AS A LINEAR COMBINATION OF THESE UNIT VECTORS. FOR EXAMPLE, IN 2D, V=Vt Vvy,
WHERE V, AND V, ARE THE SCALAR COMPONENTS OF THE VECTOR ALONG THE X AND Y AXES, RESPECTIVELY. THIS FORM IS
OFTEN MORE CONVENIENT FOR ALGEBRAIC MANIPULATION THAN THE ORDERED PAIR NOTATION.

THe RoLE oF UNIT VECTORS

UNIT VECTORS ACT AS DIRECTIONAL ANCHORS. W/HEN WE WRITE V = VI + Vv, THE| ANDJ TELL US THE DIRECTION
ASSOCIATED WITH THE SCALAR VALUES V, AND V.. THEY SIMPLIFY THE PROCESS OF ADDING, SUBTRACTING, AND PERFORMING
OTHER OPERATIONS WITH VECTORS, ESPECIALLY WHEN DEALING WITH MULTIPLE VECTORS THAT ARE ALREADY EXPRESSED IN
TERMS OF THEIR COMPONENTS.

ResoLVING VECTORS INTO COMPONENTS

SOMETIMES, A VECTOR IS GIVEN BY ITS MAGNITUDE AND DIRECTION (E.G., A FORCE OF 50 N AT AN ANGLE OF 30 DEGREES
ABOVE THE HORIZONTAL). TO WORK WITH IT ALGEBRAICALLY, WE NEED TO RESOLVE IT INTO ITS X AND Y COMPONENTS. USING
TRIGONOMETRY, IF F HAS MAGNITUDE |F| AND MAKES AN ANGLE © WITH THE POSITIVE X-AXIS, THEN F, = [Flcos(e) anp F, =
IFlsin(e). So, F=Fa+Fy.

DoT ProbucT AND CrOSS PrRODUCT

BEYOND BASIC ADDITION AND SUBTRACTION, TWO SPECIALIZED VECTOR PRODUCTS ARE ESSENTIAL IN PHYSICS: THE DOT
PRODUCT AND THE CROSS PRODUCT. THE DOT PRODUCT (OR SCALAR PRODUCT) OF TWO VECTORS RESULTS IN A SCALAR
QUANTITY. IT’s DEFINED AS A * B = |A|Blcos(e), WHERE © IS THE ANGLE BETWEEN THE VECTORS. THE DOT PRODUCT IS
USEFUL FOR CALCULATING WORK DONE BY A FORCE, OR FOR DETERMINING IF TWO VECTORS ARE PERPENDICULAR (THEIR DOT
PRODUCT WILL BE ZERO).

THE CROSS PRODUCT (OR VECTOR PRODUCT) OF TWO VECTORS RESULTS IN A NEW VECTOR. IT’S DEFINED AS A X B =
|AlIBIsIN(©)N, WHERE N IS A UNIT VECTOR PERPENDICULAR TO BOTH A AND B, WITH ITS DIRECTION DETERMINED BY THE RIGHT-
HAND RULE. THE CROSS PRODUCT IS CRUCIAL FOR UNDERSTANDING TORQUE, ANGULAR MOMENTUM, AND MAGNETIC FORCES,
AMONG OTHER CONCEPTS.

THE DoT PRoDUCT FOR SCALAR QUANTITIES

CONSIDER THE WORK-ENERGY THEOREM. W ork (\W/) DONE BY A CONSTANT FORCE (F) oVER A DISPLACEMENT (D) IS GIVEN BY
W =F - b. THIS SCALAR QUANTITY TELLS US HOW MUCH ENERGY IS TRANSFERRED. |F THE FORCE IS PERPENDICULAR TO THE
DISPLACEMENT, THE DOT PRODUCT IS ZERO, MEANING NO WORK IS DONE, WHICH ALIGNS WITH OUR INTUITION.



THe Cross PRODUCT FOR PERPENDICULAR VECTORS

THE CROSS PRODUCT IS PARTICULARLY INTERESTING BECAUSE THE RESULTING VECTOR IS PERPENDICULAR TO THE PLANE FORMED
BY THE TWO ORIGINAL VECTORS. IMAGINE TWO VECTORS ON A TABLETOP; THEIR CROSS PRODUCT WILL POINT STRAIGHT UP OR
STRAIGHT DOWN. THE MAGNITUDE OF THE CROSS PRODUCT REPRESENTS THE AREA OF THE PARALLELOGRAM FORMED BY THE
TWO VECTORS. THIS IS VITAL IN ELECTROMAGNETISM, FOR INSTANCE, WHERE THE FORCE ON A CHARGED PARTICLE MOVING IN A
MAGNETIC FIELD IS GIVEN BY F = Q(v X B).

APPLICATIONS OF VECTORS IN PHYSICS

VECTORS ARE NOT JUST ABSTRACT MATHEMATICAL TOOLS, THEY ARE THE LANGUAGE OF PHYSICS ITSELF. FROM THE SIMPLEST
DESCRIPTIONS OF MOTION TO THE MOST COMPLEX PHENOMENA IN QUANTUM MECHANICS, VECTORS ARE INDISPENSABLE.
DISPLACEMENT, VELOCITY, ACCELERATION, FORCE, MOMENTUM, ELECTRIC FIELDS, MAGNETIC FIELDS — ALL THESE AND MANY MORE
ARE VECTOR QUANTITIES THAT REQUIRE BOTH MAGNITUDE AND DIRECTION FOR A COMPLETE UNDERSTANDING.

IN MECHANICS, UNDERSTANDING FORCES AS VECTORS ALLOWS US TO ANALYZE HOW MULTIPLE FORCES ACTING ON AN OBJECT
COMBINE TO PRODUCE A NET EFFECT. THIS IS ESSENTIAL FOR DESIGNING BRIDGES, ANALYZING COLLISIONS, OR PREDICTING THE
TRAJECTORY OF PROJECTILES. IN ELECTROMAGNETISM, VECTORS ARE USED TO DESCRIBE THE DIRECTION AND STRENGTH OF
ELECTRIC AND MAGNETIC FIELDS, WHICH GOVERN THE BEHAVIOR OF CHARGES AND CURRENTS.

ProJecTILE MOTION ANALYSIS

W/HEN AN OBJECT IS LAUNCHED INTO THE AIR, ITS MOTION CAN BE DESCRIBED BY TWO INDEPENDENT VECTOR COMPONENTS!
HORIZONTAL AND VERTICAL. THE HORIZONTAL MOTION IS USUALLY TREATED AS CONSTANT VELOCITY (NEGLECTING AIR
RESISTANCE)/ WHILE THE VERTICAL MOTION IS GOVERNED BY THE CONSTANT ACCELERATION DUE TO GRAVITY. BY TREATING
VELOCITY AND ACCELERATION AS VECTORS, WE CAN PRECISELY PREDICT THE PATH, RANGE, AND MAXIMUM HEIGHT OF THE
PROJECTILE.

NewToN's LAWS oF MoTIoN

NEWTON'S SECOND LAV, FNET = MA, IS INHERENTLY A VECTOR EQUATION. THE NET FORCE ACTING ON AN OBJECT IS A VECTOR,
AND IT CAUSES AN ACCELERATION THAT IS ALSO A VECTOR, POINTING IN THE SAME DIRECTION AS THE NET FORCE. IF FORCES ARE
APPLIED IN DIFFERENT DIRECTIONS, WE RESOLVE THEM INTO COMPONENTS AND SUM THOSE COMPONENTS TO FIND THE NET FORCE
VECTOR, AND THEN DETERMINE THE RESULTING ACCELERATION VECTOR.

VECTORS IN PHYSICS 1 PROVIDE THE ESSENTIAL FRAMEWORK FOR UNDERSTANDING THE DIRECTIONAL NATURE OF PHYSICAL
PHENOMENA. MASTERING THESE CONCEPTS WILL UNLOCK YOUR ABILITY TO SOLVE A WIDE ARRAY OF PROBLEMS IN PHYSICS AND
BUILD A SOLID FOUNDATION FOR MORE ADVANCED STUDIES. KEEP PRACTICING THESE OPERATIONS AND VISUALIZING VECTORS,
AND YOU'LL FIND YOURSELF NAVIGATING COMPLEX PHYSICS WITH GREATER CONFIDENCE AND CLARITY.

FAQ

Q: WHAT IS THE DIFFERENCE BETWEEN A SCALAR AND A VECTOR IN PHYSICS?

A: A SCALAR IS A QUANTITY THAT HAS ONLY MAGNITUDE (A NUMERICAL VALUE), SUCH AS MASS, TEMPERATURE, OR TIME. A
VECTOR, ON THE OTHER HAND, IS A QUANTITY THAT POSSESSES BOTH MAGNITUDE AND DIRECTION, LIKE DISPLACEMENT,
VELOCITY, OR FORCE.



QI How IS THE MAGNITUDE OF A VECTOR CALCULATED?

A: THE MAGNITUDE OF A VECTOR IS CALCULATED USING THE PYTHAGOREAN THEOREM. FOR A 2D VECTOR V = (VX, VY), THE
MAGNITUDE IS [v| = ] (¢ + vY2). For A 3D VECTOR V = (VX, VY, VZ), THE MAGNITUDE IS [V| = F] (¢ + vv2 + vz3).

Q: \WHAT DOES IT MEAN FOR TWO VECTORS TO BE EQUAL?

A: TwoO VECTORS ARE CONSIDERED EQUAL IF AND ONLY IF THEY HAVE BOTH THE SAME MAGNITUDE AND THE SAME DIRECTION.
THEIR POSITION IN SPACE DOES NOT MATTER, IF THEY POINT IN THE SAME WAY WITH THE SAME LENGTH, THEY ARE EQUAL.

Q: How DO YOU ADD VECTORS GRAPHICALLY?

A: VECTORS CAN BE ADDED GRAPHICALLY USING THE “TIP-TO-TAIL” METHOD. YOU PLACE THE TAIL OF THE SECOND VECTOR
AT THE TIP OF THE FIRST VECTOR. THE RESULTANT VECTOR IS THEN DRAWN FROM THE TAIL OF THE FIRST VECTOR TO THE TIP
OF THE SECOND VECTOR.

QI \WHAT ARE UNIT VECTORS , AND WHY ARE THEY IMPORTANT IN PHYSICS?

A: UNIT VECTORS ARE VECTORS WITH A MAGNITUDE OF 1 THAT ARE USED TO DEFINE DIRECTIONS IN A COORDINATE SYSTEM
(E.G., | FOR THE X~-DIRECTION, J FOR THE Y‘DIRECTION). THEY ARE IMPORTANT BECAUSE THEY ALLOW US TO EXPRESS ANY
VECTOR AS A COMBINATION OF THESE DIRECTIONAL ANCHORS, SIMPLIFYING CALCULATIONS AND ANALYSIS.

Q: WHAT IS THE DOT PRODUCT OF TWO VECTORS USED FOR?

A: THE DOT PRODUCT OF TWO VECTORS RESULTS IN A SCALAR QUANTITY AND IS USED TO CALCULATE THINGS LIKE WORK
DONE BY A FORCE OR TO DETERMINE IF TWO VECTORS ARE PERPENDICULAR. THE FORMULA IS A * B = |A||Blcos(e).

QZ WHAT IS THE CROSS PRODUCT OF TWO VECTORS USED FOR?

A: THE CROSS PRODUCT OF TWO VECTORS RESULTS IN A NEW VECTOR THAT IS PERPENDICULAR TO BOTH ORIGINAL VECTORS.
IT'S USED IN PHYSICS TO DESCRIBE PHENOMENA LIKE TORQUE, ANGULAR MOMENTUM, AND MAGNETIC FORCES. THE FORMULA IS A
x B = |A|IBlsin(@)N.

QI CAN YOU GIVE AN EXAMPLE OF A VECTOR QUANTITY IN EVERYDAY LIFE?

A: YES/ THE DIRECTION AND SPEED OF AN AIRPLANE'S FLIGHT ARE A VECTOR QUANTITY. SIMPLY KNOWING ITS SPEED ISN'T
ENOUGH; YOU NEED TO KNOW ITS HEADING (E.G., NORTH, EAST, 45 DEGREES NORTHEAST) TO DETERMINE ITS DESTINATION.

Q: How DOES SCALAR MULTIPLICATION AFFECT A VECTOR?

A: SCALAR MULTIPLICATION CHANGES THE MAGNITUDE OF A VECTOR. [F THE SCALAR IS POSITIVE, THE DIRECTION REMAINS THE
SAME, IF THE SCALAR IS NEGATIVE, THE DIRECTION IS REVERSED. For EXAMPLE, DOUBLING A VELOCITY VECTOR DOUBLES ITS
SPEED BUT KEEPS IT IN THE SAME DIRECTION.
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