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IMAGINE A SCENARIO WHERE A CUBE OF ICE, WITH A MASS OF 3 KG, IS PUSHED ACROSS A SURFACE THAT OFFERS VERY LITTLE
RESISTANCE—SO LITTLE THAT WE CONSIDER IT “VERY SMOOTH.” WHEN A FORCE oF 6 NEwTONS (N) IS APPLIED TO THIS ICE
CUBE, SEVERAL INTERESTING PHYSICAL PRINCIPLES COME INTO PLAY, INCLUDING NEWTON’'S LAWS OF MOTION, FRICTION (OR THE

LACK THEREOF)/ AND THE RESULTING ACCELERATION. THIS ARTICLE EXPLORES THIS SCENARIO IN DEPTH, PROVIDING INSIGHTS
INTO THE PHYSICS INVOLVED, CALCULATIONS, AND REAL-WORLD APPLICATIONS.

UNDERSTANDING THE BASsIC CONCEPTS

BEFORE DIVING INTO THE SPECIFICS OF THIS SCENARIO, IT’S ESSENTIAL TO UNDERSTAND SOME FUNDAMENTAL PHYSICS CONCEPTS
THAT UNDERPIN THE SITUATION.

NewToN’s SECOND LAW oF MoTION

NEWTON'S SECOND LAW STATES THAT THE ACCELERATION OF AN OBJECT IS DIRECTLY PROPORTIONAL TO THE NET FORCE
APPLIED TO IT AND INVERSELY PROPORTIONAL TO ITS MASS!

e ForMuLA: \(F =M \TiMES A \)
* \X/HERE:
o \(F\) = NeT Force APPLIED (IN NEWTONS, N)
o \(M\) = Mass oF THE oBJECT (IN KILOGRAMS, KG)

o \(A\) = ACCELERATION OF THE OBJECT (IN METERS PER SECOND SQUARED, M/S?)

THIS FUNDAMENTAL LAW ALLOWS US TO CALCULATE HOW AN OBJECT WILL ACCELERATE WHEN A CERTAIN FORCE IS APPLIED.

FriICTION AND |TS ROLE

FRICTION IS A FORCE THAT OPPOSES MOTION BETWEEN TWO SURFACES IN CONTACT. IN THIS SCENARIO, THE SURFACE IS
DESCRIBED AS “VERY SMOOTH,” IMPLYING MINIMAL FRICTION.

e STATIC FRICTION: THE FRICTION THAT NEEDS TO BE OVERCOME TO START MOVING AN OBJECT.

o KINETIC FRICTION: THE FRICTION ACTING ONCE THE OBJECT IS MOVING.

GIVEN THE “VERY SMOOTH” SURFACE, WE CAN ASSUME THAT KINETIC FRICTION IS NEGLIGIBLE, SIMPLIFYING CALCULATIONS AND



FOCUSING MAINLY ON THE APPLIED FORCE AND INERTIA.

CALCULATING THE ACCELERATION OF THE Ice CUBE

GIVEN THE DATA:

e Mass oF Ice cusg, \( M= 3\, \texTt{ka} \)

o AppLIED FORCE, \( F = 6\, \TexT{N} )

ASSUMING NEGLIGIBLE FRICTION, NEWTON’'S SECOND LAW GIVES US:

\[ A = \rrAc{F}{mM} \]

PLUGGING IN THE VALUES:

\[ A =\rrAc{O\, \TexT{NI}3\, \TexT{kc}} = 2\, \texT{M/s}"2 \]

THIS MEANS THE ICE CUBE ACCELERATES AT 2 METERS PER SECOND SQUARED WHEN PUSHED WITH A 6 N FORCE ON A VERY
SMOOTH SURFACE.

IMPLICATIONS OF THE CALCULATED ACCELERATION

UNDERSTANDING THIS ACCELERATION PROVIDES INSIGHTS INTO HOW QUICKLY THE ICE CUBE WILL GAIN SPEED UNDER THE APPLIED
FORCE.

TiMe To ReacH A CERTAIN VELOCITY

SUPPOSE YOU WANT TO KNOW HOW LONG IT TAKES FOR THE ICE CUBE TO REACH A SPECIFIC VELOCITY, SUCH AS 4 M/S,
STARTING FROM REST.

USING THE EQUATION:

\[v=na\TiMes T \]

REARRANGED TO FIND:

\[ T = \rrac{v}{a} \]

PLUGGING IN THE NUMBERS:

\[ 7= \rrac{4)\, \Text{M/s}}2\, \Text{m/s}"2} = 2\, \texT{seconps} \]

[T WOULD TAKE 2 SECONDS FOR THE ICE CUBE TO REACH A SPEED OF 4 M/S UNDER THE GIVEN FORCE.

DisTANCE TRAVELED DURING ACCELERATION



THE DISTANCE COVERED DURING THIS ACCELERATION CAN BE CALCULATED WITH:

\[s=\rrAac{1}{2} A 772 \]

SUBSTITUTING THE VALUES:

\[ s = \rrac{13{2} \Times 2\, \TexT{M/s}"2 \TiMes (2\, \TexT{s})"2 = 1 \7iMes 4 = 4\, \texT{MeTERS]} \]

SO, IN 2 SECONDS, THE ICE CUBE TRAVELS 4 METERS.

ReAL-\W ORLD APPLICATIONS AND OBSERVATIONS

THIS SIMPLE PHYSICS SCENARIO HAS VARIOUS PRACTICAL APPLICATIONS AND INTERESTING OBSERVATIONS.

1. UNDERSTANDING FRICTIONLESS ENVIRONMENTS

W/HILE PERFECTLY SMOOTH SURFACES ARE IDEALIZED, THIS SCENARIO HELPS US UNDERSTAND THE BEHAVIOR OF OBJECTS IN
ENVIRONMENTS WITH MINIMAL FRICTION, SUCH AS:

® SPACECRAFT NAVIGATING IN THE VACUUM OF SPACE
® MICROGRAVITY EXPERIMENTS

® | UBRICATED MACHINERY COMPONENTS

IN THESE CASES, FORCES LIKE INERTIA AND APPLIED FORCES DOMINATE MOVEMENT.

2. DESIGNING EFFICIENT TRANSPORTATION SYSTEMS

KNOWLEDGE OF HOW OBJECTS ACCELERATE WITH MINIMAL FRICTION INFORMS THE DESIGN OF:

o MAGNETIC LEVITATION TRAINS (MAGLEV)
o AIR HOCKEY TABLES

® FRICTIONLESS CONVEYOR SYSTEMS

(UNDERSTANDING THE RELATIONSHIP BETWEEN FORCE, MASS, AND ACCELERATION ENABLES ENGINEERS TO OPTIMIZE PERFORMANCE
AND ENERGY EFFICIENCY.

3. EDUCATIONAL DEMONSTRATIONS

PHYSICS EDUCATORS OFTEN USE SIMPLIFIED MODELS LIKE THIS TO DEMONSTRATE FUNDAMENTAL PRINCIPLES SUCH AS NEWTON'S
SECOND LAW, THE EFFECTS OF FRICTION, AND MOTION EQUATIONS.



FAcTors THAT CouLD INFLUENCE THE RESULTS

ALTHOUGH THE SCENARIO ASSUMES A VERY SMOOTH SURFACE, REAL-WORLD FACTORS CAN ALTER OUTCOMES.

FriICTIONAL FORCES

EVEN MINIMAL FRICTION CAN SIGNIFICANTLY AFFECT ACCELERATION, REQUIRING ADJUSTMENTS TO CALCULATIONS.

AIR RESISTANCE

FOR SMALL OBJECTS OR LOW VELOCITIES, AIR RESISTANCE IS OFTEN NEGLIGIBLE BUT CAN BECOME RELEVANT AT HIGHER SPEEDS.

SURFACE IRREGULARITIES

IMPERFECTIONS IN THE SURFACE CAN CAUSE VARIATIONS IN MOTION, INCLUDING SUDDEN STOPS OR CHANGES IN VELOCITY.

SUMMARY AND FINAL THOUGHTS

IN THIS SCENARIO, A CUBE OF ICE WITH A MASS OF 3 KG IS PUSHED WITH A FORCE OF 6 N ACROSS A VERY SMOOTH SURFACE.
BY APPLYING NEWTON'S SECOND LAY, WE FIND THAT THE ICE CUBE ACCELERATES AT 2 M/SQ. THIS STRAIGHTFORW ARD
CALCULATION OFFERS INSIGHTS INTO HOW OBJECTS MOVE UNDER APPLIED FORCES WHEN FRICTION IS MINIMAL.

(UNDERSTANDING SUCH PRINCIPLES IS VITAL IN VARIOUS FIELDS—FROM DESIGNING TRANSPORTATION SYSTEMS TO CONDUCTING
PHYSICS EXPERIMENTS. RECOGNIZING THE INFLUENCE OF FACTORS LIKE FRICTION, AIR RESISTANCE, AND SURFACE QUALITY HELPS
REFINE THESE MODELS FOR REAL-WORLD APPLICATIONS.

IN ESSENCE, THIS SCENARIO EXEMPLIFIES HOW FUNDAMENTAL PHYSICS LAWS GOVERN EVERYDAY PHENOMENA AND

TECHNOLOGICAL INNOVATIONS ALIKE, REINFORCING THE IMPORTANCE OF BASIC PRINCIPLES LIKE FORCE, MASS, AND ACCELERATION
IN UNDERSTANDING THE PHYSICAL WORLD.

FREQUENTLY AskeD QUESTIONS

\WHAT IS THE ACCELERATION OF THE ICE CUBE WHEN A & N FORCE IS APPLIED?

THE ACCELERATION IS 2 M/S?, CALCULATED USING NEWTON'S SECOND LAW: A =F/M =6 N/ 3 kG = 2 mM/s2.

\WHY IS THE SURFACE DESCRIBED AS 'VERY SMOOTH' IMPORTANT IN THIS SCENARIO?

A VERY SMOOTH SURFACE IMPLIES NEGLIGIBLE FRICTION, MEANING THE APPLIED FORCE MAINLY ACCELERATES THE ICE CUBE
WITHOUT SIGNIFICANT RESISTANCE.

\WHAT IS THE SIGNIFICANCE OF THE 3 KG MASS OF THE ICE CUBE IN THIS PROBLEM?

THE 3 KG MASS DETERMINES THE INERTIA OF THE ICE CUBE, AFFECTING HOW MUCH IT ACCELERATES WHEN PUSHED WITH A FORCE
ofF 6 N.



IF THE FORCE APPLIED IS INCREASED TO 12 N, WHAT WILL BE THE NEW ACCELERATION
OF THE ICE CUBE?

THE NEW ACCELERATION WILL BE 4 M/s?, siNcE A =F/M= 12N/ 3 k.

DoOES THE ABSENCE OF FRICTION MEAN THE ICE CUBE WILL KEEP MOVING FOREVER ONCE
PUSHED?

IN AN IDEAL SCENARIO WITH NO FRICTION, YES, THE ICE CUBE WOULD CONTINUE MOVING AT CONSTANT VELOCITY INDEFINITELY
ONCE PUSHED.

\WHAT PHYSICAL LAW EXPLAINS THE RELATIONSHIP BETWEEN FORCE , MASS, AND
ACCELERATION IN THIS PROBLEM?

NEwTON'S SECOND LAW OF MOTION STATES THAT F =M A, WHICH EXPLAINS HOW THE APPLIED FORCE CAUSES ACCELERATION
BASED ON THE MASS.

How WouLD THE ACCELERATION CHANGE IF THE MASS OF THE ICE CUBE DOUBLED TO 6
KG, WITH THE SAME 6 N FORCE APPLIED?

THE ACCELERATION WOULD DECREASE TO 1 M/S?, CALCULATED AS A = 6 N/ 6 Kka.

\WHAT ASSUMPTIONS ARE MADE IN THIS PROBLEM REGARDING THE MOVING ICE CUBE?

[T IS ASSUMED THAT THE SURFACE IS FRICTIONLESS (/VERY SMOOTHI) AND THAT THE FORCE APPLIED IS CONSTANT, WITH NO
AIR RESISTANCE OR OTHER FORCES INVOLVED.

How DOES THE CONCEPT OF INERTIA RELATE TO THE MASS OF THE ICE CUBE IN THIS
SCENARIO?

THE MASS OF 3 KG REPRESENTS THE ICE CUBE'S INERTIA, MEANING IT RESISTS CHANGES IN ITS MOTION; A GREATER MASS WOULD
REQUIRE MORE FORCE TO ACHIEVE THE SAME ACCELERATION.

ADDITIONAL RESOURCES

|ce Custe PHYsICS: ANALYZING THE MoTIoN ofF A 3 KG Ice Cuse UNDER A 6 N FORCE ON A SMOOTH SURFACE

INTRODUCTION

PHYSICS OFTEN PRESENTS US WITH SIMPLE YET FASCINATING SCENARIOS THAT UNRAVEL THE FUNDAMENTAL PRINCIPLES
GOVERNING MOTION AND FORCES. ONE SUCH INTRIGUING SITUATION INVOLVES PUSHING A CUBE OF ICE WITH A KNOWN MASS AND
FORCE ACROSS AN ALMOST FRICTIONLESS SURFACE. WHILE IT MAY SEEM STRAIGHTFORWARD AT FIRST GLANCE, A DETAILED
ANALYSIS REVEALS INSIGHTS INTO CONCEPTS LIKE FORCE, MASS, ACCELERATION, AND THE NATURE OF FRICTION—OR THE LACK
THEREOF. THIS ARTICLE EXPLORES THE CASE OF A 3 KG ICE CUBE PUSHED WITH A & N FORCE ACROSS AN EXTREMELY SMOOTH
SURFACE, DISSECTING EACH ELEMENT TO UNDERSTAND THE PHYSICS AT PLAY.

CONTEXT AND SCENARIO OVERVIEW

IMAGINE AN EXPERIMENTAL SETUP WHERE YOU HAVE:



- AN ICE CUBE WITH A MASS OF 3 KG.
- A FORCE APPLIED TO THE ICE CUBE OF 6 NEWTONS.
- THE SURFACE BENEATH IT IS EXCEPTIONALLY SMOOTH, IMPLYING NEGLIGIBLE FRICTION.

THIS SCENARIO IS AN EXCELLENT LABORATORY EXAMPLE TO DEMONSTRATE NEWTON’S SECOND LAW OF MOTION AND THE
PRINCIPLES THAT GOVERN IT.

FuNDAMENTAL CONCEPTS
BEFORE DIVING INTO CALCULATIONS, IT’S ESSENTIAL TO UNDERSTAND THE CORE CONCEPTS INVOLVED:
NewToN's Seconp LAaw oF MoTIoN

THE LAW STATES THAT:

\l

\TexT{Force} (F) = \Text{Mass} (M) \TiMes \TexT{AcceLeraTIiON} (A)

\]

REARRANGED, THE ACCELERATION OF AN OBJECT IS:

\[
A = \rrac{F}{m}
\]

THIS FUNDAMENTAL PRINCIPLE ALLOWS US TO CALCULATE HOW AN OBJECT WILL RESPOND TO AN APPLIED FORCE, CONSIDERING
ITS MASS.

FRICTIONLESS SURFACE
IN IDEAL PHYSICS PROBLEMS, A “VERY SMOOTH" SURFACE OFTEN IMPLIES NEGLIGIBLE OR ZERO FRICTION. THIS SIMPLIFIES

CALCULATIONS SIGNIFICANTLY, AS THE ONLY FORCES ACTING ALONG THE DIRECTION OF MOTION ARE THE APPLIED FORCE AND
INERTIAL RESISTANCE, IGNORING ANY RESISTIVE FORCES.

CALCULATING THE ACCELERATION

GIVEN:

-\(F =06\, \TexT{N} \)
-\(m =3\, \text{xc} \)

APPLYING NEWTON'S SECOND LAW:

\[
A = \rRAC{F}{M} = \rrRAc{6\, \TexT{N}}{3\, \TexT{kc}} = 2\, \TexT{mM/s}"2
\]

RESULT: THE ICE CUBE ACCELERATES AT 2 METERS PER SECOND SQUARED.

THIS ACCELERATION INDICATES HOW QUICKLY THE ICE CUBE’S VELOCITY WILL INCREASE AS LONG AS THE FORCE REMAINS
APPLIED.

ExPLORING THE DYNAMICS OF THE IcE CUBE



1. INITIAL STATE
SUPPOSE THE ICE CUBE STARTS FROM REST; THAT IS, ITS INITIAL VELocITY \( v_0 = 0\, \texT{m/s} \).
2. VeLociTy OVer TIME

USING THE BASIC KINEMATIC EQUATION:

\[

v=v_O0+AT

\]

- For A DURATION \( T \), THE VELOCITY AFTER APPLYING THE FORCE IS:
\[

v(iT)=0+2\,T=27

\]

IMPLICATION: EVERY SECOND, THE ICE CUBE'S VELOCITY INCREASES BY 2 METERS PER SECOND, ASSUMING CONTINUOUS
APPLICATION OF THE FORCE AND NO OPPOSING FORCES.

3. DisPLACEMENT OVER TIME

SiMILARLY, THE DISPLACEMENT \( s(T) \) AFTEr TiME \( T \) I1s:

\[
s(r)=v_ 0T+ \rrAc{1}{2} A T2 =0+ \rrac{1}{2} \TiMes 2 \TiMES T2 = T"2
\]

IMPLICATION: THE ICE CUBE COVERS A DISTANCE EQUAL TO THE SQUARE OF TIME (IN SECONDS), STARTING FROM REST.

PrACTICAL IMPLICATIONS AND REAL-W oRLD CONSIDERATIONS

W/HILE THE PHYSICS SCENARIO ASSUMES A FRICTIONLESS SURFACE, REAL-WORLD SITUATIONS INVOLVE SOME DEGREE OF
RESISTANCE. HERE ARE SOME FACTORS TO CONSIDER:

1. FrICTIONAL FORCES

ALTHOUGH THE PROBLEM STATES THE SURFACE IS “VERY SMOOTH,” IN REALITY, THERE IS ALWAYS SOME FRICTION—BE IT
’ 1
STATIC OR KINETIC. [ HE FRICTIONAL FORCE CAN BE ESTIMATED AS:

\[

F_{rricTION} =\MUN

\]

WHERE:
-\(\MU \) IS THE COEFFICIENT OF KINETIC FRICTION (W/HICH WOULD BE VERY SMALL BUT NON-ZERO).
- \(N'\) IS THE NORMAL FORCE, EQUAL TO THE WEIGHT OF THE ICE CUBE:

\[
N=mc =3\, \text{kc} \TiMes 9.8 1\, \TexT{m/s}"2 \approx 29.43\, \TexT{N}

\]

IF THE SURFACE IS EXTREMELY SMOOTH, \( \MU \) MIGHT BE AS LOw AS 0.00 1 OR LESS, MAKING THE FRICTIONAL FORCE
NEGLIGIBLE COMPARED TO THE APPLIED FORCE.

2. EFFECT OF FrRICTION



- IF \(\MU \) IS NEGLIGIBLE, THE ACCELERATION REMAINS APPROXIMATELY 2 M/S2,
- IF\(\MU \) IS NOT NEGLIGIBLE, THE NET FORCE BECOMES:

\l

F {NeT} =F - F_{rricTION}

AND THE ACCELERATION REDUCES ACCORDINGLY.
3. DEFORMATION AND MELTING OF ICE

APPLYING FORCE CAN GENERATE SOME HEAT, POTENTIALLY CAUSING THE ICE TO MELT SLIGHTLY AT THE CONTACT SURFACE.
HO\X/EVER/ GIVEN THE RELATIVELY SMALL FORCE AND SHORT DURATION, THIS EFFECT IS MINIMAL AND DOES NOT SIGNIFICANTLY
ALTER THE PHYSICS IN IDEAL CONDITIONS.

ENERGY PERSPECTIVE
(UNDERSTANDING THE ENERGY TRANSFER DURING THE PUSH PROVIDES ADDITIONAL INSIGHTS:

- \W ORK DONE BY THE FORCE:

\[
W =F\TMes s

\]

- KINETIC ENERGY GAINED:

\[
KE = \rrac{1}{2} M v"2
\]

SUPPOSE THE FORCE ACTS oVER \( T \) seconps:

\[
s(t)=71"2
\]
\[
v(T) =21
\]

THe work DoNE AFTER TiME \( T \):

\[
W =6\, \TexT{N} \TimMes T2
\]

CORRESPONDS TO THE KINETIC ENERGY:

\[
KE = \rRac{13}{2} \1imes 3\, \TexT{ke} \TiMes (27)"2 = \rrAc{ 1}{2} \TiMeS 3 \TiMeS 4772 = 6 T"2
\]

OBSERVATION: THE WORK DONE EQUALS THE KINETIC ENERGY GAINED, CONFIRMING ENERGY CONSERVATION IN AN IDEAL,
FRICTIONLESS ENVIRONMENT.



ReAL-LIFE APPLICATIONS AND ANALOGIES
\W/HILE THIS SCENARIO APPEARS ACADEMIC, IT HAS PRACTICAL ANALOGIES:

- TRANSPORTATION OF GOODS OVER SMOOTH SURFACES: UNDERSTANDING HOW SMALL FORCES CAN ACCELERATE OBJECTS
WITH MINIMAL RESISTANCE.

- DESIGNING FRICTIONLESS OR NEAR-FRICTIONLESS SYSTEMS: SUCH AS IN MICROGRAVITY EXPERIMENTS OR HIGH-PRECISION
MACHINERY.

- EDUCATIONAL DEMONSTRATIONS: SHOWCASING NEW TONIAN PHYSICS IN ACTION.

LIMITATIONS AND ADDITIONAL FACTORS
DESPITE THE CLARITY OF THE IDEALIZED PHYSICS, REAL-WORLD APPLICATIONS MUST CONSIDER:

- IMPERFECTIONS IN THE SURFACE: EVEN A TINY COEFFICIENT OF FRICTION CAN ALTER ACCELERATION.

- AIR RESISTANCE: ESPECIALLY RELEVANT AT HIGHER SPEEDS, THOUGH NEGLIGIBLE HERE.

- FORCE APPLICATION CONSISTENCY: ENSURING THE 6 N FORCE IS APPLIED SMOOTHLY AND STEADILY.
- |CE PROPERTIES: V ARIATIONS IN ICE SURFACE ROUGHNESS OR TEMPERATURE CAN INFLUENCE RESULTS.

SuMMARY AND CONCLUSIONS

- APPLYING A 6 N FORCE TO A 3 KG ICE CUBE ON AN IDEAL SMOOTH SURFACE PRODUCES AN ACCELERATION OF 2 M/S2.

- THE MOTION FOLLOWS CLASSIC NEWTONIAN DYNAMICS, WITH VELOCITY INCREASING LINEARLY OVER TIME AND DISPLACEMENT
PROPORTIONAL TO THE SQUARE OF TIME.

- IN REAL-WORLD CONDITIONS, FACTORS LIKE RESIDUAL FRICTION, AIR RESISTANCE, AND MATERIAL PROPERTIES COULD INFLUENCE
ACTUAL ACCELERATION.

- THIS SCENARIO EXEMPLIFIES FUNDAMENTAL PHYSICS PRINCIPLES AND UNDERSCORES THE IMPORTANCE OF CONSIDERING
ENVIRONMENTAL FACTORS WHEN ANALYZING MOTION.

FINAL THOUGHTS

THIS DETAILED EXPLORATION NOT ONLY DEMONSTRATES A STRAIGHTFORWARD APPLICATION OF NEWTON'S SECOND LAW BUT
ALSO HIGHLIGHTS THE IMPORTANCE OF ENVIRONMENTAL ASSUMPTIONS IN PHYSICS PROBLEMS. \WHETHER DESIGNING EXPERIMENTS,
ENGINEERING SYSTEMS, OR UNDERSTANDING EVERYDAY PHENOMENA, GRASPING THE INTERPLAY OF FORCES, MASS, AND MOTION
REMAINS CRUCIAL. THE CASE OF AN ICE CUBE PUSHED ACROSS A SMOOTH SURFACE ENCAPSULATES THESE CORE IDEAS
BEAUTIFULLY, SERVING AS BOTH AN EDUCATIONAL TOOL AND A SPRINGBOARD TO MORE COMPLEX DYNAMICS.
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