POSITIVE AND NEGATIVE WORK PHYSICS

UNDERSTANDING PoSITIVE AND NEGATIVE Work PHYsIcs: A CoMPREHENSIVE GUIDE

POSITIVE AND NEGATIVE WORK PHYSICS ARE FUNDAMENTAL CONCEPTS IN UNDERSTANDING HOW FORCES INTERACT WITH OBJECTS
AND CAUSE DISPLACEMENT, DICTATING THE ENERGY TRANSFERRED IN PHYSICAL SYSTEMS. THIS EXPLORATION DELVES INTO THE
NUANCES OF WORK IN PHYSICS, DISTINGUISHING BETWEEN INSTANCES WHERE ENERGY IS ADDED TO A SYSTEM AND WHERE IT IS
REMOVED. WE WILL EXAMINE THE MATHEMATICAL DEFINITION OF WORK, THE ROLE OF FORCE AND DISPLACEMENT, AND THE
CRUCIAL CONCEPT OF THE ANGLE BETWEEN THEM, WHICH DETERMINES THE SIGN OF W ORK DONE. FURTHERMORE, WE WILL EXPLORE
PRACTICAL EXAMPLES ILLUSTRATING BOTH POSITIVE AND NEGATIVE WORK, ITS IMPLICATIONS IN EVERYDAY SCENARIOS, AND ITS
SIGNIFICANCE IN FIELDS LIKE ENGINEERING AND BIOMECHANICS. BY THE END OF THIS GUIDE, YOU'LL HAVE A SOLID GRASP OF THIS
OFTEN-MISUNDERSTOOD ASPECT OF CLASSICAL MECHANICS.
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WHAT IS WORK IN PHYSICS?

IN PHYSICS, THE TERM “\WORK"” CARRIES A VERY SPECIFIC AND PRECISE MEANING, QUITE DIFFERENT FROM ITS EVERYDAY USAGE.
IT's NOT JUST ABOUT EXERTING EFFORT, IT'S ABOUT A FORCE CAUSING AN OBJECT TO MOVE A CERTAIN DISTANCE. IMAGINE
PUSHING A HEAVY BOX ACROSS THE FLOOR. Y OU'RE APPLYING A FORCE, AND IF THE BOX MOVES, YOU'VE DONE WORK ON IT.
HO\X/EVER/ IF YOU PUSH AGAINST A WALL WITH ALL YOUR MIGHT, AND THE WALL DOESN'T BUDGE, THEN ACCORDING TO
PHYSICS, YOU'VE DONE ZERO WORK. THIS DISTINCTION IS CRUCIAL FOR UNDERSTANDING ENERGY TRANSFER WITHIN SYSTEMS.

THE CONCEPT OF WORK IS INTRINSICALLY LINKED TO ENERGY. W/HEN WORK IS DONE ON AN OBJECT, ITS ENERGY CHANGES. THis
CHANGE CAN MANIFEST AS AN INCREASE IN KINETIC ENERGY (ENERGY OF MOTION), POTENTIAL ENERGY (STORED ENERGY)/ OR
INTERNAL ENERGY. CON\/ERSELY, IF AN OBJECT DOES WORK ON ITS SURROUNDINGS, IT LOSES ENERGY. THIS FUNDAMENTAL
RELATIONSHIP FORMS THE BASIS OF MANY IMPORTANT PRINCIPLES IN MECHANICS AND BEYOND.

CALCULATING PosITIVE AND NEGATIVE W ORK

THE MATHEMATICAL DEFINITION OF WoRrk (W) IS THE PRODUCT OF THE FORCE (F) APPLIED TO AN OBJECT AND THE
DISPLACEMENT (D) OF THAT OBJECT IN THE DIRECTION OF THE FORCE. THIS CAN BE EXPRESSED AS W = F D. HOWEVER, THIS
SIMPLIFIED FORMULA ONLY APPLIES WHEN THE FORCE IS PERFECTLY ALIGNED WITH THE DIRECTION OF MOTION. [N MORE GENERAL
CASES, WE NEED TO CONSIDER THE ANGLE BETWEEN THE FORCE AND DISPLACEMENT VECTORS.

THE SCALAR PRODUCT, OR DOT PRODUCT, OF THE FORCE VECTOR AND THE DISPLACEMENT VECTOR GIVES US THE \WORK DONE.
THis MEANS W =F D COS(@), WHERE © (THETA) IS THE ANGLE BETWEEN THE FORCE VECTOR AND THE DISPLACEMENT VECTOR.
THIS FORMULA IS THE CORNERSTONE OF UNDERSTANDING HOW FORCES CONTRIBUTE TO OR DETRACT FROM AN OB_JECTIS ENERGY.



THE RoLE oF FORCE AND DISPLACEMENT

FORCE IS THE PUSH OR PULL THAT CAN CAUSE AN OBJECT TO ACCELERATE OR CHANGE ITS SHAPE. DISPLACEMENT, ON THE OTHER
HAND, IS THE CHANGE IN AN OB_JECTIS POSITION FROM ITS STARTING POINT TO ITS ENDING POINT. FOR WORK TO BE DONE, BOTH
A FORCE MUST BE APPLIED, AND THERE MUST BE A RESULTING DISPLACEMENT. W/ ITHOUT EITHER OF THESE COMPONENTS, NO
PHYSICAL WORK, IN THE SCIENTIFIC SENSE, OCCURS. IT'S THIS COMBINATION THAT ALLOWS US TO QUANTIFY THE ENERGY
TRANSFER IN A MECHANICAL INTERACTION.

THINK ABOUT CARRYING A HEAVY BAG OF GROCERIES. YOU ARE APPLYING AN UPWARD FORCE TO COUNTERACT GRAVITY, AND
YOU ARE DISPLACING YOURSELF HORIZONTALLY AS YOU WALK. THE WORK DONE AGAINST GRAVITY IS ZERO IF YOU WALK ON A
LEVEL SURFACE BECAUSE YOUR DISPLACEMENT IS PERPENDICULAR TO THE GRAVITATIONAL FORCE. HO\)VEVER, YOU ARE DOING
WORK AGAINST FRICTION AND AIR RESISTANCE AS YOU MOVE. THIS HIGHLIGHTS THE IMPORTANCE OF CONSIDERING THE SPECIFIC
FORCES INVOLVED AND THEIR DIRECTIONS RELATIVE TO THE MOTION.

UNDERSTANDING THE ANGLE: THE KEY TO SIGN

THE ANGLE © BETWEEN THE FORCE AND DISPLACEMENT VECTORS IS WHAT DICTATES WHETHER THE WORK DONE IS POSITIVE,
NEGATIVE, OR ZERO. THIS IS WHERE THE CONCEPT OF “POSITIVE AND NEGATIVE WORK PHYSICS” TRULY COMES INTO PLAY. THE
COSINE OF THE ANGLE PLAYS A CRITICAL ROLE:

e IFoi1sBeTwEeEN 0° AND 90° (ACUTE ANGLE), COS(©) IS POSITIVE. THIS MEANS THE FORCE HAS A COMPONENT IN THE
DIRECTION OF DISPLACEMENT, AND POSITIVE WORK IS DONE, ADDING ENERGY TO THE OBJECT.

® |F @IS EXACTLY QOO, COS(@) IS ZERO. IN THIS CASE, THE FORCE IS PERPENDICULAR TO THE DISPLACEMENT, AND NO
\WORK IS DONE BY THAT FORCE.

o IFoisseTwWEEN 90° AND 180° (0BTUSE ANGLE), COS(©) IS NEGATIVE. THIS SIGNIFIES THAT THE FORCE OPPOSES THE
DIRECTION OF DISPLACEMENT, AND NEGATIVE WORK IS DONE, REMOVING ENERGY FROM THE OBJECT.

¢ Foi1s0° cos(e)is 1, RESULTING IN MAXIMUM POSITIVE WORK.

e IFois 180°, cos(e) IS -1, RESULTING IN MAXIMUM NEGATIVE WORK.

THIS ANGULAR DEPENDENCY IS WHAT ALLOWS US TO DIFFERENTIATE BETWEEN FORCES THAT CONTRIBUTE TO AN OBJECTIS
MOTION AND THOSE THAT HINDER IT, OR EVEN THOSE THAT HAVE NO EFFECT ON ITS KINETIC ENERGY.

ExAMPLES OF PosITIVE W ORk

POSITIVE WORK IS DONE WHEN A FORCE ACTS IN THE SAME GENERAL DIRECTION AS THE DISPLACEMENT. THIS MEANS THE FORCE IS
HELPING TO MOVE THE OBJECT, INCREASING ITS KINETIC ENERGY OR POTENTIAL ENERGY. W/HEN YOU PUSH A SWING FORWARD,
MAKING IT MOVE FASTER AND HIGHER, YOU ARE DOING POSITIVE WORK ON THE SWING. THE FORCE YOU APPLY AND THE SWING'S
DISPLACEMENT ARE IN ROUGHLY THE SAME DIRECTION.

ANOTHER COMMON EXAMPLE IS LIFTING A BOX. WHEN YOU LIFT A BOX UP\WARDS, YOU APPLY AN UPWARD FORCE. THE BOX
MOVES UPWARDS, SO ITS DISPLACEMENT IS ALSO UP\W ARDS. THIS IS A CLEAR CASE OF POSITIVE WORK BEING DONE BY YOUR
LIFTING FORCE AGAINST GRAVITY. IF YOU WERE TO THEN LOWER THE BOX SLOWLY, THE FORCE OF GRAVITY WOULD BE DOING
POSITIVE WORK ON THE BOX, AS IT'S PULLING IT DOWNWARDS, AND THE DISPLACEMENT IS ALSO DOWNW ARDS.



CONSIDER A CAR ACCELERATING. THE ENGINE APPLIES A FORWARD FORCE THROUGH THE WHEELS, AND THE CAR MOVES FORW ARD.
THIS FORWARD FORCE FROM THE ENGINE IS DOING POSITIVE WORK ON THE CAR, INCREASING ITS SPEED AND THUS ITS KINETIC
ENERGY. EVEN WHEN YOU,REJUST WALKING, THE MUSCLES IN YOUR LEGS ARE APPLYING FORCES THAT PROPEL YOU FORWARD,
AND THIS IS WORK BEING DONE TO OVERCOME INERTIA AND AIR RESISTANCE.

ExAMPLES OF NEGATIVE W ORK

NEGATIVE WORK IS PERFORMED WHEN A FORCE ACTS IN THE OPPOSITE DIRECTION TO THE DISPLACEMENT. THIS TYPE OF WORK
TENDS TO DECREASE AN OB_JECT,S KINETIC ENERGY OR CONVERT IT INTO OTHER FORMS OF ENERGY, SUCH AS HEAT DUE TO
FRICTION. A PRIME EXAMPLE IS THE FORCE OF FRICTION. \W/HEN YOU SLIDE A BOOK ACROSS A TABLE AND IT EVENTUALLY STOPS,
THE FORCE OF FRICTION IS ACTING IN THE OPPOSITE DIRECTION OF THE BOOK'S MOTION. THIS FRICTION DOES NEGATIVE WORK,
SLOWING THE BOOK DOWN AND CONVERTING ITS KINETIC ENERGY INTO HEAT.

W/HEN YOU APPLY THE BRAKES TO A CAR, THE BRAKING FORCE ACTS AGAINST THE DIRECTION OF MOTION. THIS BRAKING FORCE
DOES NEGATIVE WORK ON THE CAR, REDUCING ITS SPEED AND KINETIC ENERGY. SIMILARLY, IF YOU ARE SLOWING DOWN BY
PUSHING BACK\WARD ON THE ROAD (AS IMPLIED BY THE FORCES YOU EXERT WHEN DECELERATING), YOU ARE DOING NEGATIVE
\WORK ON YOURSELF AND THE VEHICLE.

ANOTHER INSTANCE OF NEGATIVE WORK OCCURS WHEN A PENDULUM SWINGS. AS THE PENDULUM REACHES THE PEAK OF ITS
SWING, GRAVITY IS ACTING DOWNWARDS, BUT THE DISPLACEMENT IS MOMENTARILY HORIZONTAL OR EVEN SLIGHTLY BACK\W ARD
RELATIVE TO THE PEAK. THIS IS WHERE GRAVITY IS DOING NEGATIVE WORK, EFFECTIVELY STOPPING THE PENDULUM’S UPWARD
MOTION BEFORE IT STARTS TO DESCEND. AIR RESISTANCE ALSO CONSISTENTLY DOES NEGATIVE WORK ON MOVING OBJECTS,
SLOWING THEM DOWN.

THE W ORK-ENERGY THEOREM: CONNECTING W ORK AND ENERGY

THE W/ ORK-ENERGY THEOREM IS A FUNDAMENTAL PRINCIPLE IN PHYSICS THAT DIRECTLY LINKS THE WORK DONE ON AN OBJECT TO
THE CHANGE IN ITS KINETIC ENERGY. |T STATES THAT THE NET WORK DONE ON AN OBJECT IS EQUAL TO THE CHANGE IN ITS
KINETIC ENERGY. MATHEMATICALLY, THIS IS EXPRESSED AS W/ _NET = AKE, WHERE W/_NET IS THE SUM OF ALL WORK DONE BY
ALL FORCES ACTING ON THE OBJECT, AND AKE IS THE CHANGE IN KINETIC ENERGY (KE_FINAL - KE_INITIAL).

THIS THEOREM IS INCREDIBLY POWERFUL BECAUSE IT PROVIDES A WAY TO CALCULATE THE FINAL VELOCITY OF AN OBJECT
WITHOUT NEEDING TO ANALYZE THE FORCES AND MOTION STEP-BY-STEP. |F YOU KNOW THE NET WORK DONE, YOU KNOW THE
CHANGE IN KINETIC ENERGY. POSITIVE NET WORK INCREASES KINETIC ENERGY (SPEEDS UP THE OBJECT), WHILE NEGATIVE NET \WORK
DECREASES KINETIC ENERGY (SLO\)VS IT DO\X/N). |T ELEGANTLY TIES TOGETHER THE CONCEPTS OF FORCE, DISPLACEMENT, AND THE
ENERGY OF MOTION.

UNDERSTANDING THE W/ ORK-ENERGY THEOREM HELPS SOLIDIFY THE MEANING OF POSITIVE AND NEGATIVE WORK. POSITIVE NET
\WORK MEANS ENERGY IS BEING ADDED TO THE OBJECTIS MOTION, MAKING IT GO FASTER. NEGATIVE NET WORK MEANS ENERGY IS
BEING REMOVED FROM ITS MOTION, MAKING IT GO SLOWER OR CHANGING IT INTO HEAT OR OTHER FORMS OF ENERGY.

APPLICATIONS OF PosITIVE AND NEGATIVE W ORK

THE UNDERSTANDING OF POSITIVE AND NEGATIVE WORK IS NOT JUST THEORETICAL,; IT HAS VAST PRACTICAL APPLICATIONS
ACROSS NUMEROUS FIELDS. IN ENGINEERING, DESIGNERS MUST ACCOUNT FOR BOTH POSITIVE AND NEGATIVE WORK WHEN
DESIGNING STRUCTURES, VEHICLES, AND MACHINERY. For INSTANCE, \WHEN DESIGNING BRAKES FOR A CAR, ENGINEERS NEED TO
CALCULATE THE NEGATIVE WORK REQUIRED TO BRING THE VEHICLE TO A STOP SAFELY, CONSIDERING FACTORS LIKE FRICTION
AND HEAT DISSIPATION.



IN BIOMECHANICS, THE STUDY OF HUMAN AND ANIMAL MOVEMENT, POSITIVE AND NEGATIVE WORK ARE ESSENTIAL FOR
UNDERSTANDING MUSCLE FUNCTION. MUSCLES OFTEN DO POSITIVE WORK TO PROPEL LIMBS FORWARD, BUT THEY ALSO DO
NEGATIVE WORK TO CONTROL MOVEMENTS AND ABSORB SHOCK, LIKE WHEN YOUR QUADRICEPS DO NEGATIVE WORK TO
DECELERATE YOUR LEG AS YOU LAND FROM A JUMP. THIS CONTROLLED DECELERATION IS CRUCIAL FOR PREVENTING INJURY.

IN PHYSICS ITSELF, UNDERSTANDING THESE CONCEPTS IS VITAL FOR ANALYZING SYSTEMS RANGING FROM SIMPLE MACHINES LIKE
LEVERS AND PULLEYS TO COMPLEX PHENOMENA LIKE THE MOTION OF PLANETS. FOR EXAMPLE, THE GRAVITATIONAL FORCE DOES
POSITIVE WORK ON A FALLING OBJECT, INCREASING ITS KINETIC ENERGY. CONVERSELY, WHEN A SATELLITE ORBITS THE EARTH,
THE GRAVITATIONAL FORCE DOES ZERO NET WORK OVER A COMPLETE ORBIT BECAUSE THE DISPLACEMENT IS ALWAYS
PERPENDICULAR TO THE FORCE, MEANING THE SATELLITE'S SPEED (AND KINETIC ENERGY) REMAINS CONSTANT.

CoMMoN MISCONCEPTIONS ABOUT W ORK IN PHYSICS

ONE OF THE MOST FREQUENT MISUNDERSTANDINGS IS CONFUSING “\WoRK" IN PHYSICS WITH THE EVERYDAY NOTION OF EFFORT
OR EXERTION. AS WE'VE SEEN, SIMPLY EXERTING FORCE WITHOUT CAUSING DISPLACEMENT MEANS NO WORK IS DONE IN THE
PHYSICS SENSE. HOLDING A HEAVY OBJECT STILL REQUIRES MUSCULAR EFFORT, BUT IF THE OBJECT DOESN'T MOVE, NO WORK IS
DONE ON IT BY YOUR MUSCLES.

ANOTHER COMMON PITFALL IS NEGLECTING THE ANGLE BETWEEN THE FORCE AND DISPLACEMENT. PEOPLE MIGHT ASSUME THAT IF A
FORCE IS APPLIED, WORK IS AUTOMATICALLY DONE. HO\X/EVER, IF THE FORCE IS PERPENDICULAR TO THE MOTION, LIKE CARRYING
A SUITCASE HORIZONTALLY (THE LIFTING FORCE IS VERTICAL, THE DISPLACEMENT IS HORIZONTAL), THE WORK DONE BY THE
LIFTING FORCE IS ZERO. THE WORK YOU DO TO MOVE THE SUITCASE HORIZONTALLY IS AGAINST AIR RESISTANCE AND TO
OVERCOME INERTIA, NOT AGAINST THE FORCE HOLDING THE SUITCASE UP.

FINALLY, THE IDEA THAT WORK IS ALWAYS ABOUT MAKING SOMETHING MOVE FASTER CAN BE MISLEADING. NEGATIVE WORK IS
JUST AS IMPORTANT AND INVOLVES FORCES THAT OPPOSE MOTION OR SLOW OBJECTS DOWN, CONVERTING THEIR KINETIC
ENERGY INTO OTHER FORMS. RECOGNIZING THAT WORK CAN DECREASE ENERGY IS AS CRUCIAL AS UNDERSTANDING THAT IT CAN
INCREASE IT.

FAQ

Q: WHAT IS THE DIFFERENCE BETWEEN POSITIVE WORK AND NEGATIVE WORK IN
PHYSICS?

A: POSITIVE WORK IS DONE WHEN A FORCE HAS A COMPONENT IN THE DIRECTION OF THE OBJECTIS DISPLACEMENT, ADDING
ENERGY TO THE OBJECT. NEGATIVE WORK IS DONE WHEN A FORCE HAS A COMPONENT OPPOSITE TO THE OBJECT,S DISPLACEMENT,
REMOVING ENERGY FROM THE OBJECT.

QI CAN AN OBJECT EXPERIENCE BOTH POSITIVE AND NEGATIVE WORK SIMULTANEOUSLY?

A: YES/ AN OBJECT CAN HAVE MULTIPLE FORCES ACTING ON IT AT THE SAME TIME. SOME FORCES MIGHT DO POSITIVE WORK,
WHILE OTHERS DO NEGATIVE WORK. THE NET WORK DONE IS THE SUM OF THE WORK DONE BY ALL INDIVIDUAL FORCES.

QZ IS WORK DONE IF AN OBJECT MOVES BUT NO FORCE IS APPLIED?

AN PHYSICS, WORK IS DEFINED AS A FORCE CAUSING DISPLACEMENT. IF AN OBJECT IS MOVING DUE TO INERTIA (E.G., IN OUTER
SPACE FAR FROM GRAVITATIONAL INFLUENCES), BUT NO NET FORCE IS ACTING ON IT, THEN NO WORK IS BEING DONE ON THE
OBJECT, AND ITS KINETIC ENERGY REMAINS CONSTANT.



Q: WHAT HAPPENS TO THE ENERGY WHEN NEGATIVE WORK IS DONEP

A: W/HEN NEGATIVE WORK IS DONE ON AN OBJECT, ITS KINETIC ENERGY DECREASES. THIS ENERGY IS TYPICALLY CONVERTED INTO
OTHER FORMS, SUCH AS HEAT DUE TO FRICTION, SOUND ENERGY, OR STORED AS POTENTIAL ENERGY IN CERTAIN SITUATIONS.

Q: DOES THE MASS OF AN OBJECT AFFECT THE CALCULATION OF POSITIVE AND
NEGATIVE WORK?

A: THE MASS OF AN OBJECT DOES NOT DIRECTLY APPEAR IN THE FORMULA FOR WORKk (W = F b cos(e)). HOWEVER, MASS IS
CRUCIAL WHEN CONSIDERING HOW WORK AFFECTS KINETIC ENERGY THROUGH THE W/ ORK-ENERGY THEOREM (W _NET = AKE =
1/2Mv_F*2 - 1/2MvV_1"2), AS IT DETERMINES THE CHANGE IN VELOCITY RESULTING FROM THE WORK DONE.

QZ How DOES ZERO WORK RELATE TO POSITIVE AND NEGATIVE WORK?

A: ZERO WORK OCCURS WHEN EITHER THE FORCE APPLIED IS ZERO, THE DISPLACEMENT IS ZERO, OR THE FORCE IS PERPENDICULAR
TO THE DISPLACEMENT (THE ANGLE © IS 90 DEGREES). [T REPRESENTS A STATE WHERE A PARTICULAR FORCE DOES NOT
TRANSFER ENERGY TO OR FROM THE OB_JECT,S MOTION.

QZ \WHY IS UNDERSTANDING POSITIVE AND NEGATIVE WORK IMPORTANT IN ENGINEERING?

AN ENGINEERING, DISTINGUISHING BETWEEN POSITIVE AND NEGATIVE WORK IS VITAL FOR DESIGNING SYSTEMS THAT CAN
EFFICIENTLY ADD OR REMOVE ENERGY. FOR EXAMPLE, DESIGNING ENGINES INVOLVES MAXIMIZING POSITIVE WORK, WHILE DESIGNING
BRAKING SYSTEMS INVOLVES EFFICIENTLY MANAGING NEGATIVE WORK TO DISSIPATE ENERGY SAFELY.
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