A 540 GrAM OBJECT Is ATTACHED To A VERTICAL SPRING,
CAUSING THE SPRINGS LENGTH To CHANGE FRoM 70 CM To

A 540 GrAM OBJeCT IS ATTACHED To A VERTICAL SPRING, CAUSING THE SPRINGS LENGTH To CHANGE FRoM 70 CM To A
NEW LENGTH THAT DEPENDS ON THE SPRING'S PROPERTIES AND THE GRAVITATIONAL FORCE ACTING ON THE OBJECT. THIS
CLASSIC PHYSICS PROBLEM ILLUSTRATES FUNDAMENTAL PRINCIPLES OF HOOKEIS |_A\X// ELASTIC POTENTIAL ENERGY, AND THE
RELATIONSHIP BETWEEN FORCE AND DISPLACEMENT IN SPRING SYSTEMS. UNDERSTANDING HOW THE ATTACHED MASS AFFECTS THE
SPRING'S EXTENSION PROVIDES INSIGHT INTO REAL-WORLD APPLICATIONS SUCH AS WEIGHING SCALES, SUSPENSION SYSTEMS,
AND MECHANICAL SENSORS.

UNDERSTANDING THE BASICS OF SPRING MECHANICS

Hooke’s LAW AND SPRING FORCE

Hooke's LAW STATES THAT THE FORCE EXERTED BY A SPRING IS DIRECTLY PROPORTIONAL TO ITS EXTENSION OR COMPRESSION
FROM ITS EQUILIBRIUM POSITION, PROVIDED THE ELASTIC LIMIT IS NOT EXCEEDED. MATHEMATICALLY, IT IS EXPRESSED AS:

-F=-kXxx

WHERE:

- F IS THE FORCE EXERTED BY THE SPRING (IN NEWTONS),
- K IS THE SPRING CONSTANT (IN N/Mm),

- X IS THE DISPLACEMENT FROM THE EQUILIBRIUM POSITION (IN METERS).

THE NEGATIVE SIGN INDICATES THAT THE FORCE EXERTED BY THE SPRING OPPOSES THE DISPLACEMENT.

EQUILIBRIUM POSITION IN VERTICAL SPRINGS

W/HEN A MASS IS ATTACHED TO A VERTICAL SPRING, THE SYSTEM REACHES AN EQUILIBRIUM WHERE THE UP\W ARD SPRING FORCE
BALANCES THE DOWNW ARD GRAVITATIONAL FORCE:

- SPRING ForRCE (UPWARD): F_s =k X X
- WEIGHT oF THE OBJECT (DOWNWARD): W =M X G

AT EQUILIBRIUM:
“KXX=MXG

WHERE:

- M IS THE MASS (IN KILOGRAMS),

- G IS THE ACCELERATION DUE TO GRAVITY (~9.8 M/s2).

THIS EQUATION ALLOWS CALCULATION OF THE EXTENSION X CAUSED BY THE ATTACHED MASS.



CALCULATING THE EXTENSION OF THE SPRING

Given DATA

- Mass oF ogJecT, M = 540 Grams = 0.540 kG
- INITIAL LENGTH OF THE SPRING, L_INITIAL=70cM=0.70 M
- FINAL LENGTH OF THE SPRING, L_FINAL = ?

To FIND L_FINAL/ WE NEED TO DETERMINE X, THE EXTENSION CAUSED BY THE MASS.

STep 1: CALCULATE THE WEIGHT OF THE OBJECT

-W=mMx6=0.540kG X 9.8 M/s?2=5.292N

Step 2: DETERMINE THE SPRING CONSTANT (k)

IF THE PROBLEM PROVIDES THE FINAL LENGTH AFTER THE OBJECT IS ATTACHED, THE EXTENSION X IS:
-x =L_FINAL - L_INITIAL
BuT wITHOUT L_FINAL, WE NEED TO ASSUME OR FIND K FROM ADDITIONAL DATA OR MEASUREMENTS.

ASSUMPTION: FOR THE PURPOSE OF ILLUSTRATION, SUPPOSE THE SPRING'S INITIAL EXTENSION IS ZERO (UNSTRETCHED LENGTH
AT 70 CM), AND AFTER ATTACHING THE 540 G OBJECT, THE SPRING EXTENDS TO A NEW LENGTH L_FINAL.

PrACTICAL APPROACH TO FIND THE FINAL LENGTH

MeTHoD 1: UsING A KNOWN SPRING CONSTANT

IF THE SPRING CONSTANT K IS KNOWN, SIMPLY:

-x=W [k

AND

-L_FINAL = L_INITIAL + X

ExAMPLE:

Suppost k = 50 N/M (A TYPICAL VALUE FOR A SMALL SPRING).
-x=5.292N/50N/M=0.10584m= 10.584 cM

-L_FINaL=70cM+ 10.584 cMm = 80.584 cm



MeTHOD 2: IF THE FINAL LENGTH IS MEASURED

SUPPOSE THE SPRING STRETCHES TO L_FINAL = 80.5 M, THEN:
-x=805cM-70cm=10.5 ™M

- CALCULATE k:

-k=W /x=5292N/0.1056 M~ 50.4 N/m

THIS CONFIRMS THE SPRING CONSTANT.

FACTORS AFFECTING THE SPRING'S EXTENSION

1. SPRING ConsTANT (k)

- REPRESENTS THE STIFFNESS OF THE SPRING.
- HIGHER K IMPLIES LESS EXTENSION FOR THE SAME WEIGHT.
- DETERMINED EXPERIMENTALLY OR PROVIDED BY MANUFACTURER.

2. MAss oF THE ATTACHED OgjecT (M)

- GREATER MASS RESULTS IN LARGER EXTENSION.

3. GRAVITATIONAL ACCELERATION (G)

- VARIATIONS IN G (E.G., AT DIFFERENT LOCATIONS ON EARTH) INFLUENCE WEIGHT AND EXTENSION.

4. SPRING MATERIAL AND DESIGN

- MATERIAL PROPERTIES AFFECT ELASTIC LIMITS AND K.
- DESIGN CONSIDERATIONS INCLUDE COIL DIAMETER, WIRE THICKNESS, AND NUMBER OF COILS.

ReAL-\W/ ORLD APPLICATIONS OF VERTICAL SPRING SYSTEMS



1. WEIGHING SCALES

- USE THE EXTENSION OF A SPRING TO DETERMINE THE MASS OF OBJECTS.
- CALIBRATED SO THAT SPECIFIC EXTENSIONS CORRESPOND TO KNOWN WEIGHTS.

2. SUSPENSION SYSTEMS IN VEHICLES

- SPRINGS ABSORB SHOCKS AND MAINTAIN STABILITY.
- UNDERSTANDING EXTENSION HELPS IN DESIGNING COMFORTABLE RIDES AND SAFE VEHICLES.

3. MecHANICAL SENSORS AND DEVICES

- SPRINGS USED IN MEASURING DEVICES, PRESSURE SENSORS, AND FORCE GAUGES.

4. ENGINEERING AND STRUCTURAL DESIGN

- SPRINGS PROVIDE FLEXIBILITY AND ENERGY ABSORPTION IN STRUCTURES.

CALCULATING THE FINAL LENGTH IN PRACTICE

STEP-BY-STEP SUMMARY

1. IDENTIFY THE MASS ATTACHED TO THE SPRING.

2. CALCULATE THE WEIGHT (FORCE DUE TO GRAVITY).

3. DETERMINE OR OBTAIN THE SPRING CONSTANT.

4. CALCULATE THE EXTENSION USING HOOKE's LAw: x = W /[ k.

5. ADD THE EXTENSION TO THE ORIGINAL LENGTH TO FIND THE FINAL LENGTH.

ExampLE CALCULATION:
-Mass: 540 G

- ORIGINAL LENGTH: 70 cM

- SPRING CONSTANT: 50 N/m
- FINAL LENGTH:

- ExTensioN: 10.58 cM (AS CALCULATED EARLIER)

- FINAL LENGTH: 70 cM + 10.58 cM = 80.58 c™m



UNDERSTANDING LIMITATIONS AND SAFETY CONSIDERATIONS

ELAasTIC LIMIT

- SPRINGS HAVE A MAXIMUM EXTENSION BEFORE PERMANENT DEFORMATION OCCURS.
- OVERLOADING CAN DAMAGE THE SPRING OR ALTER ITS PROPERTIES.

SAFETY PRECAUTIONS

- ALWAYS ENSURE THE SPRING IS RATED FOR THE APPLIED LOAD.
- USE APPROPRIATE FIXTURES AND SUPPORTS DURING EXPERIMENTS.
- AVOID SUDDEN SHOCKS OR IMPACTS THAT CAN CAUSE FAILURE.

CONCLUSION

ATTACHING A 540-GRAM OBJECT TO A VERTICAL SPRING CAUSES THE SPRING TO EXTEND FROM ITS INITIAL LENGTH ofF 70 M
TO A NEW LENGTH DETERMINED BY THE INTERPLAY OF THE OB_JECTIS WEIGHT AND THE SPRING'S STIFFNESS. BY APPLYING
FUNDAMENTAL PHYSICS PRINCIPLES SUCH AS HOOKE'S LA\X/, ENGINEERS AND SCIENTISTS CAN PREDICT AND MEASURE SUCH
EXTENSIONS, WHICH ARE CRUCIAL IN DESIGNING ACCURATE WEIGHING DEVICES, SUSPENSION SYSTEMS, AND VARIOUS MECHANICAL
SENSORS. UNDERSTANDING THESE RELATIONSHIPS NOT ONLY ENHANCES THEORETICAL KNOWLEDGE BUT ALSO PROVIDES
PRACTICAL INSIGHTS INTO EVERYDAY ENGINEERING AND SCIENTIFIC APPLICATIONS.

KEYWORDS: SPRING EXTENSION, Hooke's LA\X/, VERTICAL SPRING, SPRING CONSTANT, ELASTIC POTENTIAL ENERGY, MECHANICAL
SYSTEMS, PHYSICS CALCULATIONS, WEIGHT MEASUREMENT

FREQUENTLY AsSkeD QUESTIONS

\WHAT IS THE NEW LENGTH OF THE SPRING AFTER ATTACHING A 540 GRAM OBJECT?

THE NEW LENGTH OF THE SPRING CAN BE CALCULATED BY EQUATING THE WEIGHT OF THE OBJECT TO THE SPRING'S ELASTIC
FORCE. ASSUMING THE ORIGINAL LENGTH IS 70 CM AND THE SPRING STRETCHES DUE TO THE OBJECT, THE LENGTH WILL INCREASE
DEPENDING ON THE SPRING CONSTANT. W ITHOUT THE SPRING CONSTANT, THE EXACT NEW LENGTH CANNOT BE DETERMINED.

How DO YOU DETERMINE THE EXTENSION OF A SPRING WHEN A MASS IS ATTACHED?

THE EXTENSION (STRETCH) OF A SPRING IS FOUND USING Hooke's LAw: F = KX, WHERE F IS THE WEIGHT OF THE OBJECT (MASS
TIMES GRAVITY)I K IS THE SPRING CONSTANT, AND X IS THE EXTENSION. REARRANGED AS X = F / K, YOU NEED THE SPRING
CONSTANT TO FIND THE EXTENSION.

\WHAT FACTORS INFLUENCE THE CHANGE IN LENGTH OF A SPRING WHEN A MASS IS
ATTACHED?

THE CHANGE IN LENGTH DEPENDS ON THE MASS ATTACHED, THE ACCELERATION DUE TO GRAVITY, AND THE SPRING CONSTANT.



THE STIFFER THE SPRING (LARGER K)/ THE LESS IT STRETCHES FOR A GIVEN MASS. THE MASS'S WEIGHT (MASS X GRAVITY)
DIRECTLY CAUSES THE EXTENSION.

IF A 540G OBJECT CAUSES THE SPRING TO STRETCH FROM 70 CM TO 75 CM, WHAT IS
THE SPRING CONSTANT?

FIRST, CONVERT MASS TO WEIGHT: 540 6 = 0.54 kG; WEIGHT = 0.54 kG X 9.8 M/s? = 5.292 N. THe EXTENSION IS 75 cM
-70cm=5cm=0.05 M. UsiNg Hooke's Law: k =F [/ x = 5.292 N/ 0.05 M = apprOXIMATELY 105.84 N/m.

W/HAT IS THE IMPORTANCE OF KNOWING THE ORIGINAL LENGTH OF THE SPRING IN SUCH
PROBLEMS?

KNOWING THE ORIGINAL LENGTH HELPS DETERMINE THE AMOUNT OF EXTENSION CAUSED BY THE ATTACHED OBJECT. |T PROVIDES A
BASELINE MEASUREMENT TO CALCULATE HOW MUCH THE SPRING STRETCHES, WHICH IS ESSENTIAL FOR APPLYING Hooke's Law
AND FINDING THE SPRING CONSTANT OR THE NEW LENGTH.

ADDITIONAL RESOURCES

A 540 GrRAM OBJECT IS ATTACHED To A VERTICAL SPRING, CAUSING THE SPRING’S LENGTH To CHANGE FRoM 70 CM To

UNDERSTANDING HOW A 540 GRAM OBJECT INFLUENCES A VERTICAL SPRING’S LENGTH INVOLVES DELVING INTO FUNDAMENTAL
PRINCIPLES OF PHYSICS, SPECIFICALLY Hooke’s LAW AND THE CONCEPTS OF FORCE, MASS, AND ELASTICITY. W/HEN AN OBJECT
IS ATTACHED TO A SPRING, THE SPRING STRETCHES OR COMPRESSES UNTIL IT REACHES AN EQUILIBRIUM POINT WHERE THE FORCE
EXERTED BY THE SPRING BALANCES THE WEIGHT OF THE OBJECT. THIS SCENARIO PROVIDES A PRACTICAL ILLUSTRATION OF HOW
FORCES INTERACT IN ELASTIC SYSTEMS AND IS A CORNERSTONE IN MECHANICS, WITH APPLICATIONS RANGING FROM ENGINEERING
DESIGN TO EVERYDAY DEVICES LIKE SUSPENSION SYSTEMS AND MEASURING INSTRUMENTS.

INTRODUCTION TO SPRING MECHANICS AND THE ROLE OF MASS

SPRINGS ARE ELASTIC OBJECTS THAT RESTORE TO THEIR ORIGINAL SHAPE AFTER BEING DEFORMED—EITHER COMPRESSED OR
STRETCHED—WHEN A FORCE IS APPLIED. THE FUNDAMENTAL PRINCIPLE GOVERNING THEIR BEHAVIOR IS HOOKE’S LAW, WHICH
STATES THAT THE FORCE EXERTED BY A SPRING IS PROPORTIONAL TO ITS DISPLACEMENT FROM THE EQUILIBRIUM POSITION:
F=-«kx

- F IS THE RESTORING FORCE EXERTED BY THE SPRING (IN NEWTONS),

- K IS THE SPRING CONSTANT (N/M), REPRESENTING THE STIFFNESS OF THE SPRING,

- X IS THE DISPLACEMENT FROM THE EQUILIBRIUM POSITION (METERS).

IN THE CONTEXT OF A VERTICAL SPRING WITH AN ATTACHED OBJECT, THE WEIGHT OF THE OBJECT CAUSES THE SPRING TO
STRETCH UNTIL THE UP\W ARD RESTORING FORCE BALANCES THE DOWNWARD GRAVITATIONAL FORCE.

INITIAL CONDITIONS: THE SPRING’S UNSTRESSED LENGTH

BEFORE THE OBJECT IS ATTACHED, THE SPRING’S LENGTH IS AT ITS NATURAL (UNSTRESSED) LENGTH:

Lo=70cmM

\W/HEN THE 540 GRAM OBJECT IS HUNG FROM THE SPRING, THE LENGTH CHANGES DUE TO THE ADDED WEIGHT, REACHING A NEW

EQUILIBRIUM LENGTH, WHICH WE WILL DENOTE AS L_FINAL. THE CHANGE IN LENGTH, AL = L_FINAL - Lg, IS THE KEY TO
UNDERSTANDING THE SYSTEM'S BEHAVIOR.



CALCULATING THE FORCE DUE To THE OBJECT'S WEIGHT

THE WEIGHT OF THE OBJECT PROVIDES THE DOWNWARD FORCE THAT STRETCHES THE SPRING:
F GRAVITY =MG

\X/HERE:

- M = MASS OF THE oBJECT = 540 GraMs = 0.540 kg,
- G = ACCELERATION DUE TO GRAVITY & 9.8 1 m/s2.

CALCULATING:
F_GrAVITY = 0.540 kG 9.81 M/s2~ 5.30N

THIS IS THE FORCE THAT CAUSES THE SPRING TO STRETCH FROM ITS NATURAL LENGTH.

DETERMINING THE SPRING ConsTANT (k)

ToO FIND THE SPRING CONSTANT, WE NEED ADDITIONAL INFORMATION: SPECIFICALLY, THE FINAL LENGTH OF THE SPRING AFTER THE
OBJECT IS ATTACHED (L_FINAL). SINCE THE PROMPT INDICATES THE CHANGE IN LENGTH FROM 70 CM TO A NEW LENGTH, BUT THE
EXACT FINAL LENGTH IS NOT SPECIFIED, WE WILL EXPLORE POSSIBLE SCENARIOS AND GENERAL METHODS TO DETERMINE K.
SceNARIO 1: KNOWN FINAL LENGTH

SUPPOSE THE SPRING STRETCHES FROM 70 CM TO A NEW LENGTH, SAY L_FINAL = 85 cM. THEN:

- DisPLACEMENT, x =L_FINAL-Lg=85cM-70cM=15cM=0.156 ™

APPLYING Hooke’s LAWw:

F=kx

SINCE THE FORCE BALANCES THE WEIGHT:

k=F GrAVITY / x=530N/0.15M~ 35.33 N/m

THIS VALUE OF K INDICATES THE STIFFNESS OF THE SPRING.

ScENARIO 2: UNKNOWN FINAL LENGTH

|F THE FINAL LENGTH IS UNKNOWN, BUT THE DISPLACEMENT CAN BE MEASURED OR ESTIMATED, SIMILAR CALCULATIONS CAN BE
MADE ONCE L_FINAL IS PROVIDED.

ANALYZING THE SYSTEM: EQUILIBRIUM CONDITIONS

AT EQUILIBRIUM, THE NET FORCE ON THE OBJECT IS ZERO:
SPRING FORCE = WEIGHT

OR

k AL=MgaG



REARRANGED:
AL=(Mg) [k

THIS RELATIONSHIP HIGHLIGHTS THAT THE EXTENSION OF THE SPRING IS DIRECTLY PROPORTIONAL TO THE WEIGHT AND
INVERSELY PROPORTIONAL TO THE SPRING CONSTANT.

PRACTICAL APPLICATIONS AND EXPERIMENTAL APPROACH

THIS SCENARIO IS NOT ONLY THEORETICAL BUT ALSO FOUNDATIONAL IN LABORATORY MECHANICS EXPERIMENTS, SUCH AS:
- DETERMINING SPRING CONSTANTS,

- MEASURING UNKNOWN MASSES,

- STUDYING ELASTIC PROPERTIES.

STEP-BY-STEP PROCEDURE:

1. SET UP THE SPRING VERTICALLY AND MEASURE ITS NATURAL LENGTH (Lo).

2. ATTACH THE OBJECT WITH KNOWN MASS (540 GRAMS).

3. ALLOW THE SYSTEM TO REACH EQUILIBRIUM—THE POINT WHERE THE SPRING LENGTH REMAINS CONSTANT.
4. MEASURE THE NEW LENGTH (L_FINAL).

5. CALCULATE THE DISPLACEMENT: X = L_FINAL - L.

6. CALCULATE THE SPRING CONSTANT:

k=(Ma)/ x

7. VERIFY THE RESULTS BY REPEATING WITH DIFFERENT MASSES OR MEASURING THE EXTENSION TO CHECK LINEARITY.

FACTORS INFLUENCING THE SPRING’S BEHAVIOR

\W/HILE THE THEORETICAL APPROACH ASSUMES IDEAL CONDITIONS, REAL-WORLD FACTORS CAN AFFECT THE OUTCOME:
- MATERIAL PROPERTIES OF THE SPRING (ELASTIC LIMIT, HYSTERESIS).

- TEMPERATURE VARIATIONS INFLUENCING ELASTICITY.

- MEASUREMENT ERRORS IN LENGTH OR MASS.

- DAMPING EFFECTS DUE TO AIR RESISTANCE OR INTERNAL FRICTION.

(UNDERSTANDING THESE FACTORS IS CRITICAL WHEN DESIGNING PRECISE EXPERIMENTS OR ENGINEERING APPLICATIONS.

ExTENDED CONSIDERATIONS: NONLINEAR BEHAVIOR AND LIMITATIONS

Hooke’s LAW APPLIES WITHIN THE ELASTIC LIMIT OF THE SPRING. |[F THE FORCE EXCEEDS THIS LIMIT, THE SPRING MAY UNDERGO
PLASTIC DEFORMATION, LEADING TO PERMANENT STRETCH OR DAMAGE. THEREFORE, WHEN ANALYZING SUCH SYSTEMS!

- ENSURE THE APPLIED FORCE REMAINS WITHIN THE SPRING’S ELASTIC RANGE.
- RECOGNIZE THAT REAL SPRINGS MAY EXHIBIT NONLINEAR BEHAVIOR AT LARGE DISPLACEMENTS.

IN OUR CASE, WITH A RELATIVELY MODEST WEIGHT (540 GRAMS)/ THE ASSUMPTION OF LINEAR ELASTICITY IS TYPICALLY
VALID.

SuUMMARY OF KEY EQUATIONS AND CONCEPTS



| ConcerT | EQUATION | EXPLANATION |

| WEIGHT oF oBJECT | F =M G | FORCE DUE TO GRAVITY ON THE OBJECT. |

| Hooke’s Law | F = -k x | RESTORING FORCE EXERTED BY THE SPRING. |

| EQUILIBRIUM CONDITION | kK AL =M G | WHEN THE SPRING IS STRETCHED TO A NEW EQUILIBRIUM. |

| SPRING CONSTANT |k = (M G) / AL | STIFFNESS OF THE SPRING BASED ON MEASURED DISPLACEMENT. |

FINAL THOUGHTS AND PRACTICAL IMPLICATIONS

THE ANALYSIS OF A 540 GRAM OBJECT ATTACHED TO A VERTICAL SPRING ILLUSTRATES FUNDAMENTAL PRINCIPLES OF
MECHANICS THAT ARE APPLICABLE IN VARIOUS FIELDS:

- ENGINEERING: DESIGNING SUSPENSION SYSTEMS, MEASURING DEVICES, OR LOAD-BEARING STRUCTURES.
- PHYSICS EDUCATION: DEMONSTRATING ELASTICITY, FORCES, AND EQUILIBRIUM.
- EVERYDAY LIFE: UNDERST ANDING HOW HOUSEHOLD SPRINGS, SHOCK ABSORBERS, OR MEASURING TAPES \WORK.

UNDERSTANDING HOW A MASS INFLUENCES A SPRING’S LENGTH IS CRUCIAL FOR ACCURATELY MODELING REAL-WORLD SYSTEMS,
ENSURING SAFETY AND FUNCTIONALITY IN ENGINEERING DESIGNS, AND FOSTERING A DEEPER APPRECIATION OF THE MECHANICAL
PRINCIPLES THAT GOVERN OUR PHYSICAL ENVIRONMENT.

IN CONCLUSION, WHEN A 540 GRAM OBJECT CAUSES THE SPRING'S LENGTH TO CHANGE FROM 70 CM TO A NEW LENGTH, THE
AMOUNT OF STRETCH DIRECTLY RELATES TO THE WEIGHT OF THE OBJECT AND THE SPRING'S STIFFNESS. BY APPLYING HOOKE’S
LAW AND UNDERSTANDING THE EQUILIBRIUM CONDITION, ONE CAN DETERMINE THE SPRING CONSTANT, ANALYZE THE ELASTIC
BEHAVIOR, AND PREDICT HOW SIMILAR SYSTEMS WILL RESPOND UNDER DIFFERENT LOADS.
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