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A SHIP Is TRAVELLING DUE EAST AT30 KM/HR AND BoY RUNS AcrRosSTHE DEck IN A SoUTH EAST WESTDIRECTION AT A
CERTAIN SPEED — A SCENARIO THAT COMBINES PRINCIPLES OF RELATIVE MOTION, VECTOR ANALYSIS, AND PRACTICAL
NAVIGATION. THIS SETUP OFTEN APPEARS IN PHYSICS PROBLEMS, NAVIGATION EXERCISES, AND REAL-WORLD MARITIME AND
RECREATIONAL CONTEXTS. UNDERSTANDING HOW TO ANALYZE SUCH A SITUATION REQUIRES A COMPREHENSIVE LOOK AT THE
COMPONENTS OF MOTION, THE SIGNIFICANCE OF REFERENCE FRAMES/ AND THE METHODS USED TO DETERMINE THE ACTUAL PATH
AND VELOCITY OF THE BOY FROM DIFFERENT FRAMES OF REFERENCE. IN THIS ARTICLE, WE WILL EXPLORE THE INTRICACIES OF THIS
SCENARIO IN DETAIL, PROVIDING INSIGHTS INTO THE PHYSICS INVOLVED, PRACTICAL IMPLICATIONS, AND STEP-BY-STEP METHODS
TO ANALYZE SUCH PROBLEMS ACCURATELY.

UNDERSTANDING THE SCENARIO: BASIC CONCEPTS AND CONTEXT

BEFORE DELVING INTO CALCULATIONS AND DETAILED ANALYSIS, IT’S ESSENTIAL TO UNDERSTAND THE FUNDAMENTAL CONCEPTS
AND CONTEXT OF THE PROBLEM.

WHAT DoEs THE SCENARIO DESCRIBE?

THE SCENARIO INVOLVES A SHIP MOVING DUE EAST AT A CONSTANT SPEED OF 30 KM/HR. ON THE DECK OF THIS SHIP, A BOY IS
RUNNING IN A DIRECTION THAT IS DESCRIBED AS “SoUTH EAST WEeST.” THIS PHRASE SEEMS AMBIGUOUS, BUT IT IS LIKELY A
TYPO OR A MISSTATEMENT. FOR CLARITY, WE INTERPRET IT AS THE BOY RUNNING IN A DIRECTION THAT CAN BE DEFINED AS A
COMBINATION OF SOUTH AND EAST OR WEST. COMMON INTERPRETATIONS MIGHT INCLUDE:

- RUNNING TOWARDS THE SOUTHEAST, WHICH IS DIAGONALLY BETWEEN SOUTH AND EAST.
- RUNNING TOWARDS THE SOUTHWEST, WHICH IS DIAGONALLY BETWEEN SOUTH AND WEST.

- RUNNING ALONG THE EAST-WEST AXIS, EITHER EASTWARD OR WESTW ARD.

GIVEN THE PHRASE'S AMBIGUITY, WE'LL CONSIDER THE MOST TYPICAL INTERPRETATION FOR PHYSICS PROBLEMS: THE BOY RUNS
TOWARDS THE SOUTHEAST (A COMMON SCENARIO IN RELATIVE MOTION PROBLEMS), BUT ALSO DISCUSS OTHER POSSIBILITIES.

Key POINTS OF THE SCENARIO

- SHIP's vELoCITY: 30 kM/HR DUE EAST.

- BoY’s VELOCITY: RELATIVE TO THE SHIP'S DECK, IN A SPECIFIC DIRECTION (E.G., SOUTHEAST, SOUTHWEST, EAST, OR WEST).
- OBJECTIVE: TO ANALYZE THE BOY'S ACTUAL VELOCITY RELATIVE TO THE GROUND (OR AN EXTERNAL OBSERVER),
CONSIDERING BOTH THE SHIP'S AND THE BOY'S VELOCITIES.

FUNDAMENTAL PRINCIPLES OF RELATIVE MOTION

THE PROBLEM HINGES ON UNDERSTANDING HOW VELOCITIES COMBINE IN DIFFERENT FRAMES OF REFERENCE.



VELOCITY ADDITION IN Two DIMENSIONS

\W/HEN AN OBJECT MOVES RELATIVE TO A MOVING PLATFORM, THE ACTUAL VELOCITY RELATIVE TO AN EXTERNAL FRAME IS
OBTAINED BY VECTOR ADDITION:

\[ \vec{V}_{\text{crounp}} = \vec{V} {\1ext{snir}} + \vec{V} {\text{ov, rReLATIVE TO sHIP}} \]

W/ HERE:

- \(\vec{V3}_ {\TexT{crounb}}\): BoY’s VELOCITY RELATIVE TO THE GROUND OR FIXED FRAME.
- \(\vec{V3}_{\1ext{sHiP}}\): VELOCITY OF THE SHIP RELATIVE TO THE GROUND.

- \(\vec{V3}_{\1exT{goY, RELATIVE TO SHIP}}\): BOY'S VELOCITY RELATIVE TO THE SHIP.

NOTE: SINCE VELOCITIES ARE VECTORS, THEIR DIRECTIONS AND MAGNITUDES AFFECT THE RESULTANT.

RerFeReNCE FRAMES AND DIRECTIONS

- THE GROUND FRAME IS AN INERTIAL FRAME WHERE THE SHIP MOVES DUE EAST AT 30 KM/HR.
- THE SHIP FRAME IS A MOVING REFERENCE FRAME ATTACHED TO THE SHIP'S DECK.
- THE BOY'S MOTION IS DESCRIBED RELATIVE TO THE SHIP.

ANALYZING THE BoY’s MoTION: STEP-BY-STEP APPROACH

T O UNDERSTAND THE BOY’S ACTUAL PATH AND VELOCITY, FOLLOW THESE STEPS!

STep 1: DerINE DIRECTIONS AND COORDINATES

- CHOOSE A COORDINATE SYSTEM:
- EAST AS THE POSITIVE X-AXIS.
- NORTH AS THE POSITIVE Y-AXIS.
- SOUTH AS NEGATIVE Y-AXIS.

- WEST AS NEGATIVE X-AXIS.

- THE SHIP'S VELOCITY VECTOR:
\[\vec{V3}_{\text{sHir}} = 30\, \TexT{km/HrR} \QUAD \TexT{TOWARD EAST} \]
- In vecTor ForM: \(\Vec{V}_ {\TexT{sHip}} = (30, 0)\) kM/Hr.

- THE BOY'S VELOCITY RELATIVE TO THE SHIP:
- DEPENDS ON THE DIRECTION HE RUNS:
- SOUTHEAST: AT 45° BETWEEN SOUTH AND EAST.

- SOUTHWEST: AT 45° BETWEEN SOUTH AND WEST.
- EAST OR WEST: ALONG THE X-AXIS.

STeP 2: ExXPRESS THE BoY’s VELOCITY RELATIVE TO THE SHIP

SUPPOSE THE BOY RUNS AT A SPEED \(V_B\) kM/HR RELATIVE TO THE SHIP.

- FOR THE SOUTHEAST DIRECTION:



\[

\vec{V} {els} =v_ & \Lert(\cos 45" \cire, - \sin 45"\ circ \rIGHT) = v_B \LerT( \Frac{\sqrT{2}}{ 23}, -
\rrRAc{\sQrT{2}}{ 2} \rIGHT)

\]

- FOR THE SOUTHWEST DIRECTION:

\[
\vec{V} {els}=v_& \Lert( - \rrAc{\s@rT{2}}{2}, - \rrac{\s@rT{2}}{2} \rIGHT)
\]

- For EASTWARD:

\[
\vec{V} _{gls}=(v_g, 0)
\]

- FOR WESTWARD:

\[
\vec{V} {els}=(-v_g, 0)
\]

NoTe: THE ACTUAL SPEED \(V_B\) NEEDS TO BE KNOWN OR ASSUMED FOR CALCULATIONS.

STep 3: CALCULATE THE BoY’s VELOCITY RELATIVE TO THE GROUND

USING VECTOR ADDITION:

\[
\vec{V} {Blc} = \vec{V3} {\text{snr}} + \vec{V} {&ls}
\]

FOR EXAMPLE, IF THE BOY RUNS SOUTHEAST AT SPeedD \(v_B\):

\[
\vec{V} {8le} = (30, 0) + v_g \LerT( \rrac{\s@rT{2}}{2}, - \rrac{\s@rT{2}}{2} \riGHT)
\]

THE MAGNITUDE OF THE GROUND VELOCITY:

\[
V_{8lc} = \s@rT{ (30 + v_B \rrRAC{\sQrT{23}{21)"2 + \LerT( - v_B \rrAC{\sQrT{2}}{2} \rIGHT)"2 }
\]

THE DIRECTION CAN BE FOUND BY CALCULATING THE ANGLE OF THE RESULTING VECTOR.

PRACTICAL APPLICATIONS AND IMPLICATIONS

(UNDERST ANDING RELATIVE MOTION IN SUCH SCENARIOS HAS NUMEROUS PRACTICAL APPLICATIONS.



NAVIGATION AND MARITIME OPERATIONS

- DETERMINING ACTUAL COURSE AND SPEED: MARINERS NEED TO KNOW HOW A VESSEL MOVES RELATIVE TO THE EARTH/
CONSIDERING THEIR OWN MOVEMENT ON THE DECK AND THE SHIP'S MOTION.

- ESTIMATING THE PATH OF A PERSON OR OBJECT: FOR EXAMPLE, IF A CREW MEMBER OR PASSENGER RUNS IN A CERTAIN
DIRECTION, THEIR ACTUAL DISPLACEMENT DEPENDS ON BOTH THEIR RELATIVE VELOCITY AND THE SHIP'S MOVEMENT.

PHYsIcs EDUCATION AND PROBLEM SOLVING

- SUCH PROBLEMS SERVE AS EXCELLENT EXERCISES IN UNDERSTANDING VECTOR ADDITION, COMPONENTS, AND THE IMPORTANCE
OF REFERENCE FRAMES.
- THEY STRENGTHEN SKILLS IN BREAKING DOWN COMPLEX MOTIONS INTO MANAGEABLE COMPONENTS.

RecreATIONAL CONTEXTS

- ATHLETES OR TOURISTS ON SHIPS MIGHT WANT TO UNDERSTAND THEIR ACTUAL MOVEMENT RELATIVE TO THE LAND,
ESPECIALLY WHEN RUNNING OR MOVING AROUND ON A SHIP’S DECK.

DeTAILED EXAMPLE CALCULATION

SUPPOSE:

- THE BOY RUNS AT 10 KM/HR RELATIVE TO THE SHIP.
- HE RUNS TOWARDS THE SOUTHEAST.

CALCULATE HIS VELOCITY RELATIVE TO THE GROUND:

1. BoY’s VELOCITY RELATIVE TO SHIP:

\[
\vec{V} {els} = 10 \Lert( \rrAac{\s@rT{233}{2}, - \Frrac{\s@rT{23}{ 2} \riGHT) \APPrOX 10 \TiMes (0.707,
-0.707) \approx (7.07, -7.07) \TexT{ kM/HR}

\]

2.BoY’s VELOCITY RELATIVE TO GROUND:

\[

\vec{V} {sle} =(30,0)+(7.07,-7.07)=(37.07,-7.07) \1ex7{ kM/HR}
\]

3. MAGNITUDE:

\[

V_{8lc} = \sqrT{(37.07)"2 + (-7.07)"2} \apProx \sQrT{1374.4 + 503} \approx \sQrT{1424.4} \APPrOX
37.75 \1ext{ kM/HR}

\]

4. DIRECTION:

\l



\THeTA = \ArcTAN \LerT( \FrAac{-7.073}{37.073 \ricHT) \ArProOX \ARCTAN (-0.19) \aPPrOX - 10.9™\cIrC

\]

THIS INDICATES THE BOY IS MOVING ROUGHLY 10.9° SOUTH OF EAST RELATIVE TO THE GROUND.

ADDITIONAL CONSIDERATIONS AND V ARIATIONS

DIFFERENT SCENARIOS MIGHT REQUIRE MODIFYING ASSUMPTIONS:

- |F THE BOY RUNS WESTWARD AT 15 kM/HR:

\[
\vec{V}_{gls} = (-

FREQUENTLY ASkeD QUESTIONS

IF A SHIP IS TRAVELING DUE EAST AT 30 kM/HR AND A BOY RUNS ACROSS ITS DECK IN A
SOUTH-EAST DIRECTION, WHAT IS HIS RESULTANT VELOCITY RELATIVE TO THE
GROUND?

THE BOY'S VELOCITY RELATIVE TO THE GROUND CAN BE FOUND BY VECTOR ADDITION OF HIS VELOCITY RELATIVE TO THE SHIP
AND THE SHIP'S VELOCITY. ASSUMING THE BOY RUNS AT A CERTAIN SPEED (E.G., V_B) IN THE SOUTHEAST DIRECTION, HIS
GROUND VELOCITY IS THE VECTOR SUM OF THE SHIP'S EASTWARD VELOCITY AND HIS OWN VELOCITY AT A SOUTHEAST ANGLE.

How DO YOU RESOLVE THE BOY'S VELOCITY INTO COMPONENTS WHEN RUNNING
SOUTHEAST ON THE DECK OF THE SHIP?

T O RESOLVE THE BOY'S VELOCITY INTO COMPONENTS, USE TRIGONOMETRY. |F HIS SPEED IS V_B, THEN THE EAST AND SOUTH
COMPONENTS ARE V_B COS(45°) EACH, SINCE SOUTHEAST MAKES A 45° ANGLE WITH BOTH SOUTH AND EAST DIRECTIONS.

\WHAT IS THE SIGNIFICANCE OF THE DIRECTION ‘'SOUTHEAST' IN ANALYZING THE BOY'S
MOTION ON THE SHIP?

THE SOUTHEAST DIRECTION INDICATES THAT THE BOY'S VELOCITY VECTOR MAKES A 45° ANGLE WITH BOTH THE SOUTH AND
EAST AXES, WHICH HELPS IN CALCULATING THE COMPONENTS OF HIS VELOCITY AND UNDERSTANDING HIS OVERALL MOTION
RELATIVE TO THE GROUND.

IF THE BOY RUNS AT 10 KM/ HR TOWARDS SOUTHEAST ON THE DECK, WHAT IS HIS
VELOCITY RELATIVE TO THE GROUND?

ASSUMING THE SHIP MOVES AT 30 kM/HR EAST AND THE BOY RUNS AT 10 kM/HR SOUTHEAST, RESOLVE THE BOY'S VELOCITY
INTO COMPONENTS: EAST AND SOUTH AT APPROXIMATELY 7.07 kM/HR EACH. THE TOTAL GROUND VELOCITY IS THEN OBTAINED
BY VECTOR ADDITION: EAST COMPONENT = 30 + 7.07 kM/HR, SOUTH COMPONENT = 7.07 kM/HR. THE MAGNITUDE OF HIS
GROUND VELoCITY Is[f] (37.072+ 7.072) = 37.8 kM/HR TOWARDS THE SOUTHEAST.



How DOES THE RELATIVE MOTION OF THE BOY COMPARE TO THE MOTION OF THE SHIP?

THE BOY'S MOTION RELATIVE TO THE SHIP IS PURELY HIS OWN RUNNING SPEED IN THE SOUTHEAST DIRECTION, BUT RELATIVE TO
THE GROUND, HIS VELOCITY COMBINES BOTH THE SHIP'S EASTWARD MOTION AND HIS OWN SOUTHEASTWARD VELOCITY,
RESULTING IN A DIFFERENT OVERALL DIRECTION AND SPEED.

\WHAT ARE THE KEY PRINCIPLES USED TO ANALYZE THE BOY'S MOTION ON A MOVING
SHIP?

THE KEY PRINCIPLES INCLUDE VECTOR ADDITION OF VELOCITIES, RESOLVING VECTORS INTO COMPONENTS, AND UNDERSTANDING
RELATIVE MOTION. THESE PRINCIPLES HELP DETERMINE THE BOY'S VELOCITY RELATIVE TO DIFFERENT FRAMES OF REFERENCE (THE
SHIP AND THE GROUND).

IF THE SHIP SUDDENLY CHANGES SPEED OR DIRECTION , HOW WOULD THAT AFFECT THE
BOY'S MOTION RELATIVE TO THE GROUND?

ANY CHANGE IN THE SHIP'S VELOCITY (SPEED OR DIRECTION) DIRECTLY AFFECTS THE BOY'S GROUND-RELATIVE VELOCITY. AS A
RESULT, HIS OVERALL SPEED AND DIRECTION RELATIVE TO THE GROUND WILL CHANGE ACCORDINGLY, WHILE HIS VELOCITY
RELATIVE TO THE SHIP REMAINS THE SAME UNLESS HE ALTERS HIS RUNNING SPEED OR DIRECTION.

ADDITIONAL RESOURCES

A SHIP Is TRAVELLING DUE EAST AT 30 KM/HR AND Boy RUNs Across THE Deck IN A SoUuTH EAsT/WEST DIRECTION AT...

W/HEN ANALYZING THE MOTION OF OBJECTS IN DIFFERENT FRAMES OF REFERENCE, PROBLEMS INVOLVING SHIPS AND MOVING BOYS
OFTEN SERVE AS EXCELLENT PRACTICAL ILLUSTRATIONS OF FUNDAMENTAL PHYSICS PRINCIPLES—PARTICULARLY RELATIVE
VELOCITY, VECTOR ADDITION, AND MOTION ANALYSIS. THE SCENARIO OF A SHIP TRAVELING DUE EAST AT 30 KM/HR WITH A
BOY RUNNING ACROSS ITS DECK IN A SOUTHEAST OR WEST DIRECTION PRESENTS A FASCINATING CASE FOR DISSECTING HOW
MULTIPLE VELOCITIES COMBINE AND HOW OBSERVERS IN DIFFERENT FRAMES PERCEIVE MOTION. THIS ARTICLE AIMS TO EXPLORE
THIS SCENARIO IN DETAIL, EXAMINING THE PHYSICS INVOLVED, CALCULATING RELATIVE VELOCITIES, AND DISCUSSING POTENTIAL
IMPLICATIONS, FEATURES, AND COMMON MISCONCEPTIONS.

UNDERSTANDING THE SCENARIO

THE CORE OF THIS PROBLEM INVOLVES TWO PRIMARY MOTIONS:
1. THE SHIP'S MOVEMENT DUE EAST AT 30 KM/HR.
2. THE BOY'S MOVEMENT ACROSS THE DECK, EITHER TOWARDS THE SOUTHEAST OR WEST.

THE KEY CONSIDERATIONS INCLUDE:

- THE REFERENCE FRAME: |S THE OBSERVER ON THE SHIP OR ON THE GROUND?
- THE DIRECTION OF THE BOY'S MOVEMENT RELATIVE TO THE SHIP.

- THE VELOCITIES INVOLVED IN EACH FRAME.

BY ANALYZING THESE ASPECTS, WE CAN UNDERSTAND HOW THE BOY'S VELOCITY APPEARS FROM DIFFERENT PERSPECTIVES AND
CALCULATE THE ACTUAL VELOCITIES INVOLVED.



FUNDAMENTALS OF RELATIVE VELOCITY

WHAT Is RELATIVE VELOCITY?

RELATIVE VELOCITY IS THE VELOCITY OF ONE OBJECT AS OBSERVED FROM ANOTHER. W/HEN DEALING WITH MULTIPLE MOVING
OBJECTS, ESPECIALLY IN DIFFERENT FRAMES OF REFERENCE, RELATIVE VELOCITY HELPS DETERMINE HOW OBJECTS APPEAR TO MOVE
CONCERNING EACH OTHER.

MATHEMATICALLY:
- IF oBJECT A HAS VELOCITY V_A AND OBJECT B HAS VELOCITY V_B, THEN THE VELOCITY OF B RELATIVE TO A IS:

\[ \vec{V} {B/A}=\vec{V} B-\vec{V} A\]

THIS PRINCIPLE ALLOWS US TO ANALYZE MOTIONS FROM EITHER THE GROUND OR THE SHIP'S PERSPECTIVE.

APPLICATION IN OUR SCENARIO

- OBSERVED FROM THE GROUND: T HE SHIP MOVES DUE EAST AT 30 KM/HR; THE BOY RUNS ACROSS THE DECK.
- OBSERVED FROM THE SHIP: THE SHIP IS STATIONARY, AND THE BOY'S MOTION IS RELATIVE TO THE SHIP.

UNDERSTANDING THESE VIEWPOINTS IS VITAL FOR ACCURATE INTERPRETATION.

ANALYZING THE BoY's MoTION

CAsEk 1: Boy Runs TowARDS SOUTHEAST

SUPPOSE THE BOY RUNS TOWARD THE SOUTHEAST AT A CERTAIN SPEED RELATIVE TO THE SHIP, SAY \/_B KM/HR.

- THE SOUTHEAST DIRECTION IMPLIES A 45° ANGLE SOUTH OF EAST.
- IF THE BOY'S SPEED RELATIVE TO THE SHIP IS V_B, THEN:

\l

\TeExT{VELOCITY COMPONENTS OF THE BOY RELATIVE TO THE SHIP}:
\]

\[

V_ {8 x}=V_g\cos 45™\crc = \rrac{V_BX\sqrT{2}}

\]

\[

V_{8_v}=-V_B\sin45™\crc = -\rrac{V_g}{\sqrT{2}}

\]

-\(V_{8_x3\) IS EASTWARD COMPONENT.
-\(V_{8_¥3}\) IS SOUTHWARD COMPONENT.

TOTAL VELOCITY RELATIVE TO GROUND:

- SINCE THE SHIP MOVES EAST AT 30 KM/HR, THE BOY'S VELOCITY RELATIVE TO GROUND BECOMES:



\[

V_{&_x, Grounn} =V _{e_x}+ 30\, \TexT{km/Hr}
\]

\[

V_{&_v, Grouno} =V _{&_v}

IMPLICATIONS:

- THE BOY'S ACTUAL PATH OVER THE GROUND COMBINES EASTWARD MOTION FROM THE SHIP AND HIS OWN SOUTHEAST
MOVEMENT.

- THE ACTUAL GROUND VELOCITY VECTOR CAN BE VISUALIZED AS THE VECTOR SUM OF THE SHIP'S VELOCITY AND THE BOY'S
RELATIVE VELOCITY.

FEATURES § OBSERVATIONS:

- THE BOY'S APPARENT MOTION ACROSS THE GROUND DEPENDS ON HIS SPEED RELATIVE TO THE SHIP.

- |F HIS SPEED RELATIVE TO THE SHIP IS LESS THAN 30 KM/HR, HE MAY STILL BE MOVING EASTWARD OVERALL.

- IF HIS RELATIVE SPEED EXCEEDS 30 KM/HR, HE COULD MOVE WESTWARD RELATIVE TO THE GROUND, DEPENDING ON THE
COMPONENTS.

CAse 2: Boy Runs TowARrRDS WEST

SUPPOSE THE BOY RUNS DIRECTLY WEST AT A SPEED V_B KM/HR RELATIVE TO THE SHIP.

- IN THIS CASE, HIS VELOCITY RELATIVE TO THE SHIP IS:

\[

\vec{V} {g,sHir}=-V_g\, \nat{i}

\]

- THE TOTAL VELOCITY RELATIVE TO GROUND:

\[

V_{g, crounp} = \vec{V} {sHir} + \vec{V} {gsHIP}
\]

\[

=30\, \HAT{1} - V_8\, \HaT{1} = (30 - V_g)\, \HaT{1}
\]

IMPLICATIONS:

-1IE\(V_g = 30\, \TexT{kM/HR}\), THE BOY'S GROUND VELOCITY IS ZERO; HE REMAINS STATIONARY RELATIVE TO THE
GROUND.

- IF \(V_g > 30\, \texT{kM/HR}\), THE BOY MOVES WESTWARD RELATIVE TO GROUND.

- IF \(V_g < 30\, \TexT{kM/HR}\), HE STILL MOVES EASTWARD BUT AT A REDUCED SPEED.

FEATURES § OBSERVATIONS:

- THE RELATIVE VELOCITY CALCULATIONS REVEAL HOW THE BOY'S MOTION COMBINES WITH THE SHIP'S MOVEMENT.
- THIS SCENARIO SIMPLIFIES TO A STRAIGHTFORWARD VECTOR ADDITION ALONG A SINGLE AXIS.



Key CALCULATIONS AND EXAMPLES

TO BETTER ILLUSTRATE THESE CONCEPTS, LET'S CONSIDER SPECIFIC NUMERICAL EXAMPLES.

ExaMPLE 1: BoY RUNS SOUTHEAST AT 10 kM/HR

- COMPONENTS:

\[

V_{e_x}=10/\sqrt{2} \aPprox 7.07\, \TExT{KM/HR}
\]

\[

V_{g_v}=-7.07\, \texT{xkm/Hr}

\]

- GROUND VELOCITY:

\[

V_{8_x, Grounp} = 7.07 + 30 = 37.07\, \texT{km/Hr}
\]

\[

V_{B_v, crounn} = -7.07\, \TexT{kM/HRr}

\]

- MAGNITUDE:

\[

V_{B, crounp} = \s@rT{(37.07)"2 + (-7.07)"2} \approx \sQrT{ 1375 + 50} \aprrox \sQrT{ 1425} \APPrOX
37.78\, \texT{km/Hr}
\]

- DIRECTION:

\l

\THETA = \TAN -1} \LerT( \FrAc{7.073{37.073 \riGHT) \aPPrOx 10.9™\cIrc \TeEXT{ SOUTH OF EAST}

\]
ExAMPLE 2: Boy RUNS WEST AT 20 kM/HR

- RELATIVE TO GROUND:

\[

V_{g, crounp} = 30 - 20 = 10\, \TexT{km/HR EAST}
\]

- THE BOY MOVES EASTWARD AT 10 KM/HR RELATIVE TO GROUND.

FEATURES AND IMPLICATIONS OF THE SCENARIO

- RELATIVE MoTIoN CLARIFICATION: THE SCENARIO VIVIDLY DEMONSTRATES HOW VELOCITIES COMBINE VECTORIALLY,
EMPHASIZING THE IMPORTANCE OF CHOOSING AN APPROPRIATE FRAME OF REFERENCE.

- VECTOR COMPONENTS: UNDERSTANDING THE DECOMPOSITION OF VELOCITIES INTO COMPONENTS SIMPLIFIES THE ANALYSIS,
ESPECIALLY WHEN DIRECTIONS ARE OBLIQUE.

- PRACTICAL APPLICATIONS: SUCH PROBLEMS MIRROR REAL-WORLD SITUATIONS IN NAVIGATION, AVIATION, AND MARITIME
OPERATIONS WHERE RELATIVE VELOCITIES ARE CRUCIAL.

- COORDINATE SYSTEM CHOICE: THE ANALYSIS HINGES HEAVILY ON DEFINING A CLEAR COORDINATE SYSTEM (E.G., EAST AS
POSITIVE X-DIRECTION, SOUTH AS NEGATIVE Y‘DIRECTION).

Pros:



- ENHANCES UNDERSTANDING OF VECTOR ADDITION AND RELATIVE MOTION.
- APPLICABLE TO REAL-WORLD NAVIGATION AND PHYSICS PROBLEMS.
- DEMONSTRATES HOW DIFFERENT PERSPECTIVES (GROUND VS. SHIP) AFFECT PERCEIVED VELOCITIES.

Cons:

- CAN BE CONFUSING WITHOUT CLEAR DIAGRAMS AND STEP-BY-STEP CALCULATIONS.
- ASSUMES CONSTANT VELOCITIES, NEGLECTING ACCELERATIONS OR EXTERNAL FORCES.
- SIMPLIFIES REAL-WORLD COMPLEXITIES SUCH AS WIND, CURRENTS, OR CHANGING SPEEDS.

CoNcCLUSION

THE SCENARIO OF A SHIP TRAVELING DUE EAST AT 30 KM/HR WITH A BOY RUNNING ACROSS ITS DECK IN VARIOUS DIRECTIONS
PROVIDES A RICH CONTEXT FOR EXPLORING FUNDAMENTAL PHYSICS CONCEPTS LIKE RELATIVE VELOCITY AND VECTOR ADDITION.
W/HETHER THE BOY RUNS TOWARD THE SOUTHEAST OR WEST, THE KEY LIES IN DECOMPOSING HIS VELOCITY RELATIVE TO THE
SHIP AND THEN ADDING THE SHIP'S VELOCITY TO FIND THE GROUND VELOCITY. THIS PROCESS REVEALS HOW MOTION IS
PERCEIVED DIFFERENTLY DEPENDING ON THE OBSERVER'S FRAME OF REFERENCE AND UNDERSCORES THE IMPORTANCE OF VECTOR
ANALYSIS IN UNDERSTANDING REAL-WORLD MOTION.

BY MASTERING THESE PRINCIPLES, STUDENTS AND ENTHUSIASTS CAN BETTER INTERPRET COMPLEX MOVEMENT PATTERNS,
NAVIGATE REAL-WORLD SCENARIOS EFFECTIVELY, AND APPRECIATE THE ELEGANCE OF PHYSICS IN EVERYDAY LIFE. THE PROBLEM
ALSO HIGHLIGHTS HOW SEEMINGLY SIMPLE QUESTIONS ABOUT MOTION CAN UNVEIL DEEPER INSIGHTS INTO THE NATURE OF
RELATIVE MOVEMENT AND THE POWER OF VECTOR MATHEMATICS IN SOLVING PRACTICAL PROBLEMS.
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