PRINCIPLE OF MOMENTS PHYSICS

THE PRINCIPLE OF MOMENTS PHYSICS IS A FUNDAMENTAL CONCEPT THAT GOVERNS THE ROTATIONAL EQUILIBRIUM OF OBJECTS. |T
EXPLAINS WHY A SYSTEM WILL REMAIN STATIONARY OR ROTATE AT A CONSTANT ANGULAR VELOCITY WHEN SUBJECTED TO
VARIOUS FORCES. THIS PRINCIPLE IS DEEPLY ROOTED IN UNDERSTANDING TORQUE, THE ROTATIONAL EQUIVALENT OF LINEAR
FORCE, AND HOW IT INTERACTS WITH LEVER ARMS. BY GRASPING THE PRINCIPLE OF MOMENTS, WE UNLOCK INSIGHTS INTO THE
OPERATION OF COUNTLESS EVERYDAY MECHANISMS, FROM SIMPLE SEESAWS TO COMPLEX MACHINERY. THIS ARTICLE WILL DELVE
INTO THE CORE CONCEPTS, EXPLORE ITS APPLICATIONS, AND DEMYSTIFY THE MATHEMATICAL UNDERPINNINGS OF THIS CRUCIAL
PHYSICS LAW.
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UNDERSTANDING TORQUE AND |TS COMPONENTS

BEFORE DIVING INTO THE PRINCIPLE OF MOMENTS ITSELF, IT'S ESSENTIAL TO GRASP THE CONCEPT OF TORQUE. TORQUE, OFTEN
DENOTED BY THE GREEK LETTER TAU (T), IS THE ROTATIONAL FORCE THAT CAUSES AN OBJECT TO ROTATE AROUND AN AXIS OR
PIVOT POINT. THINK ABOUT TRYING TO OPEN A DOOR. YOU DON,TJUST PUSH THE DOOR; YOU PUSH IT AT A DISTANCE FROM
THE HINGES, AND THIS ACTION CREATES A TURNING EFFECT. THAT TURNING EFFECT IS TORQUE.

TORQUE IS NOT SOLELY DETERMINED BY THE MAGNITUDE OF THE FORCE APPLIED. T WO KEY FACTORS INFLUENCE THE AMOUNT OF
TORQUE GENERATED: THE FORCE ITSELF AND THE DISTANCE FROM THE PIVOT POINT TO WHERE THE FORCE IS APPLIED. THIS
DISTANCE IS KNOWN AS THE LEVER ARM. THE GREATER THE FORCE, THE GREATER THE TORQUE. SIMILARLY, THE FURTHER THE
FORCE IS APPLIED FROM THE PIVOT, THE GREATER THE TORQUE IT CAN PRODUCE, ASSUMING THE FORCE MAGNITUDE REMAINS
CONSTANT. THIS IS WHY IT'S OFTEN EASIER TO LOOSEN A TIGHT BOLT USING A LONGER \WRENCH,; YOU'RE INCREASING YOUR
LEVER ARM, THUS INCREASING THE TORQUE YOU CAN EXERT.

THE ROLE OF THE LEVER ARM

THE LEVER ARM IS A CRITICAL COMPONENT IN CALCULATING TORQUE. IT'S ESSENTIALLY THE PERPENDICULAR DISTANCE FROM THE
AXIS OF ROTATION TO THE LINE OF ACTION OF THE APPLIED FORCE. IMAGINE A WRENCH AGAIN. |[F YOU APPLY FORCE
PERPENDICULAR TO THE WRENCH HANDLE, THE LEVER ARM IS SIMPLY THE LENGTH OF THE HANDLE. HO\X/EVER/ IF YOU APPLY FORCE
AT AN ANGLE, ONLY THE COMPONENT OF THE FORCE PERPENDICULAR TO THE LEVER ARM CONTRIBUTES TO THE TORQUE. THIS IS
WHY A FORCE APPLIED DIRECTLY TOWARDS OR AWAY FROM THE PIVOT POINT GENERATES ZERO TORQUE;, THERE'S NO
ROTATIONAL COMPONENT TO SUCH A PUSH OR PULL.

THE DIRECTION OF THE TORQUE IS ALSO IMPORTANT. T ORQUE CAN CAUSE AN OBJECT TO ROTATE EITHER CLOCKW/ISE OR
COUNTERCLOCKWISE. BY CONVENTION, COUNTERCLOCKWISE TORQUES ARE OFTEN CONSIDERED POSITIVE, WHILE CLOCKWISE
TORQUES ARE CONSIDERED NEGATIVE. THIS CONVENTION IS CRUCIAL WHEN SUMMING UP TORQUES IN EQUILIBRIUM
CALCULATIONS. UNDERSTANDING THESE DIRECTIONAL ASPECTS ALLOWS US TO PREDICT HOW AN OBJECT WILL RESPOND TO
APPLIED FORCES AND WHETHER IT WILL BE SET INTO ROTATION.



DEFINING THE PRINCIPLE OF MOMENTS

THE PRINCIPLE OF MOMENTS, OFTEN REFERRED TO AS THE LAW OF EQUILIBRIUM FOR ROTATIONAL SYSTEMS, STATES THAT FOR
AN OBJECT TO BE IN ROTATIONAL EQUILIBRIUM, THE SUM OF ALL CLOCKWISE MOMENTS ABOUT ANY POINT MUST BE EQUAL TO
THE SUM OF ALL COUNTERCLOCKWISE MOMENTS ABOUT THE SAME POINT. IN SIMPLER TERMS, IF AN OBJECT IS NOT ROTATING, OR
IS ROTATING AT A CONSTANT SPEED, THEN THE TURNING EFFECTS PUSHING IT ONE WAY ARE PERFECTLY BALANCED BY THE
TURNING EFFECTS PUSHING IT THE OTHER WAY. IT’S ALL ABOUT BALANCE.

THIS PRINCIPLE IS A CORNERSTONE OF STATICS, THE BRANCH OF MECHANICS THAT DEALS WITH OBJECTS AT REST. IT's NOT JUST
ABOUT PREVENTING ROTATION; IT'S ABOUT MAINTAINING A STATE OF REST. |F THE MOMENTS ARE UNBALANCED, THE OBJECT
WILL START TO ROTATE. THE POINT ABOUT WHICH THESE MOMENTS ARE CALCULATED IS ARBITRARY, AS LONG AS THE OBJECT
IS IN EQUILIBRIUM, THE SUM OF CLOCKWISE MOMENTS WILL EQUAL THE SUM OF COUNTERCLOCKWISE MOMENTS ABOUT ANY
POINT YOU CHOOSE AS THE PIVOT. THIS FLEXIBILITY MAKES THE PRINCIPLE INCREDIBLY POWERFUL FOR ANALYZING COMPLEX
SYSTEMS.

RoTATIONAL EQUILIBRIUM EXPLAINED

ROTATIONAL EQUILIBRIUM OCCURS WHEN THE NET TORQUE ACTING ON AN OBJECT IS ZERO. THIS DOESN'T NECESSARILY MEAN
THAT NO FORCES ARE ACTING ON THE OBJECT. |T MEANS THAT THE FORCES, WHEN CONSIDERED WITH THEIR LEVER ARMS, RESULT
IN NO OVERALL TENDENCY TO ROTATE. FOR AN OBJECT TO BE IN COMPLETE EQUILIBRIUM, IT MUST SATISFY TWO CONDITIONS:
THE NET FORCE ACTING ON IT MUST BE ZERO (TRANSLATIONAL EQUILIBEIUM), AND THE NET TORQUE ACTING ON IT MUST BE ZERO
(ROTATIONAL EQUILIBRIUM). BOTH ARE VITAL FOR AN OBJECT TO REMAIN STATIONARY.

CONSIDER A BALANCED SEESAW. W/HEN NO ONE IS SITTING ON IT, THE GRAVITATIONAL FORCES ACTING ON ITS ENDS AND ITS
OWN WEIGHT ARE BALANCED, AND IT REMAINS HORIZONTAL. IF TWO PEOPLE OF EQUAL WEIGHT SIT AT EQUAL DISTANCES FROM
THE PIVOT (FULCRUM), THE SEESAW REMAINS BALANCED BECAUSE THE CLOCKWISE MOMENT CAUSED BY ONE PERSON IS EQUAL
AND OPPOSITE TO THE COUNTERCLOCKWISE MOMENT CAUSED BY THE OTHER. |F ONE PERSON MOVES FURTHER AWAY, THEY

W OULD NEED TO BE LIGHTER TO MAINTAIN BALANCE, OR THE HEAVIER PERSON WOULD NEED TO MOVE CLOSER TO THE CENTER.

MATHEMATICAL FORMULATION OF THE PRINCIPLE OF MOMENTS

IVIATHEMATICALLYI THE PRINCIPLE OF MOMENTS IS EXPRESSED AS THE SUM OF CLOCKWISE MOMENTS EQUALS THE SUM OF
COUNTERCLOCKWISE MOMENTS. |F \WE DENOTE THE SUM OF CLOCKWISE MOMENTS AS 2T AND THE SUM OF
COUNTERCLOCKWISE MOMENTS AS 2T, THEN IN ROTATIONAL EQUILIBRIUM:
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THIS CAN ALSO BE EXPRESSED BY SAYING THAT THE NET TORQUE (ZTNET> ACTING ON THE SYSTEM IS ZERO:!

T, = 2T - T =0

COUNTERCLOCKWISE CLOCKWISE

EACH INDIVIDUAL MOMENT (T) IS CALCULATED AS THE PRODUCT OF THE FORCE (F) AND ITS PERPENDICULAR LEVER ARM (R): T =
F R. \WHEN DEALING WITH FORCES AT ANGLES, WE USE THE COMPONENT OF THE FORCE PERPENDICULAR TO THE LEVER ARM: T = F
R SIN(©), WHERE © IS THE ANGLE BETWEEN THE FORCE VECTOR AND THE LEVER ARM VECTOR. THIS EQUATION ALLOWS US TO
PRECISELY QUANTIFY THE TURNING EFFECT OF ANY FORCE ABOUT A PIVOT.

CALCULATING MOMENTS AND SOLVING PROBLEMS

TO SOLVE PROBLEMS INVOLVING THE PRINCIPLE OF MOMENTS, YOU TYPICALLY NEED TO IDENTIFY ALL THE FORCES ACTING ON



THE OBJECT, DETERMINE THEIR POINTS OF APPLICATION, AND CHOOSE A PIVOT POINT. ONCE YOU HAVE THIS INFORMATION, YOU
CALCULATE THE MOMENT GENERATED BY EACH FORCE. |T'S CRUCIAL TO BE CONSISTENT WITH YOUR SIGN CONVENTION (E.G./
CLOCKWISE AS NEGATIVE, COUNTERCLOCKWISE AS POSITIVE) AND TO ENSURE THAT THE LEVER ARMS ARE MEASURED
PERPENDICULARLY FROM THE PIVOT TO THE LINE OF ACTION OF THE FORCES.

LET’S TAKE AN EXAMPLE. IMAGINE A UNIFORM ROD OF LENGTH 2 METERS, WEIGHING 10 N, SUPPORTED AT ITS CENTER. IF YOU
PLACE A 20 N WEIGHT AT ONE END OF THE ROD, WHAT FORCE IS NEEDED AT THE OTHER END TO KEEP |T BALANCED? W/E CHOOSE
THE CENTER AS THE PIVOT. THE WEIGHT OF THE ROD CREATES NO MOMENT AS ITS CENTER OF MASS IS AT THE PIVOT. THE 20 N
WEIGHT AT ONE END (1 METER FROM THE PIVOT) CREATES A CLOCKWISE MOMENT oF 20 N 1 M = 20 NM. TO BALANCE THIS,
WE NEED A COUNTERCLOCKWISE MOMENT. IF WE APPLY A FORCE F AT THE OTHER END (1 METER FROM THE PIVOT), THE
COUNTERCLOCKWISE MOMENT IS F 1 M. For eQuiLIBRIUM, 20NM =F 1M, soF =20 N.

APPLICATIONS OF THE PRINCIPLE OF MOMENTS

THE PRINCIPLE OF MOMENTS IS FAR FROM AN ABSTRACT CONCEPT, IT'S EMBEDDED IN THE DESIGN AND FUNCTION OF COUNTLESS
DEVICES AND STRUCTURES WE ENCOUNTER DAILY. UNDERSTANDING THIS PRINCIPLE IS KEY TO EXPLAINING WHY THINGS BALANCE,
TIP OVER, OR ARE DESIGNED TO BE STABLE. FROM THE SIMPLEST TOOLS TO COMPLEX ENGINEERING MARVELS, THE APPLICATION
OF MOMENTS IS UBIQUITOUS.

CONSIDER SIMPLE MACHINES. LEVERS, A FUNDAMENTAL LEVER CLASS, OPERATE DIRECTLY ON THIS PRINCIPLE. A CROWBAR USED
TO LIFT A HEAVY OBJECT, OR A PAIR OF PLIERS USED TO GRIP SOMETHING, BOTH UTILIZE THE MECHANICAL ADVANTAGE GAINED

BY MANIPULATING FORCES AND LEVER ARMS ACCORDING TO THE PRINCIPLE OF MOMENTS. THE GOAL IS OFTEN TO AMPLIFY FORCE
OR CONTROL MOVEMENT WITH PRECISION.

ExAMPLES IN EVERYDAY LIFE AND ENGINEERING

HERE ARE A FEW AREAS WHERE THE PRINCIPLE OF MOMENTS PLAYS A CRUCIAL ROLE:

o SEESAWS AND BALANCES: As DISCUSSED, THESE ARE CLASSIC EXAMPLES WHERE EQUAL AND OPPOSITE MOMENTS ARE
REQUIRED FOR EQUILIBRIUM.

® \X/HEELBARROWS: THE LOAD IS LIFTED BY APPLYING AN UPWARD FORCE AT THE HANDLES, CREATING A MOMENT THAT
COUNTERACTS THE MOMENT DUE TO THE LOAD’S WEIGHT AND THE WHEEL'S PIVOT.

* Doors AND HINGES: THE HINGES ACT AS THE PIVOT, AND THE FORCE APPLIED TO THE DOORKNOB GENERATES A MOMENT
THAT ROTATES THE DOOR.

® MeCHANICAL WEIGHING SCALES: THESE DEVICES USE A SYSTEM OF LEVERS AND COUNTERWEIGHTS TO BALANCE THE
UNKNOWN WEIGHT, RELYING ON THE PRINCIPLE OF MOMENTS.

¢ CRANES AND LIFTING EQUIPMENTZ THE STABILITY AND OPERATION OF CRANES ARE DICTATED BY BALANCING THE
MOMENTS CREATED BY THE LOAD, THE CRANE'S OWN WEIGHT, AND COUNTERWEIGHTS.

® BICYCLES: THE STEERING MECHANISM AND THE WAY FORCES ARE APPLIED TO THE PEDALS AND HANDLEBARS INVOLVE
COMPLEX INTERACTIONS OF MOMENTS.

ENGINEERS UTILIZE THIS PRINCIPLE EXTENSIVELY IN STRUCTURAL ANALYSIS TO ENSURE THAT BUILDINGS, BRIDGES, AND OTHER
CONSTRUCTIONS CAN WITHSTAND APPLIED LOADS WITHOUT COLLAPSING OR DEFORMING EXCESSIVELY. THEY CALCULATE THE
MOMENTS GENERATED BY GRAVITY, WIND, AND OTHER FORCES TO ENSURE THE OVERALL STABILITY OF THE STRUCTURE.



FACTORS AFFECTING ROTATIONAL EQUILIBRIUM

W/HILE THE PRINCIPLE OF MOMENTS PROVIDES THE FRAMEW ORK FOR UNDERSTANDING ROTATIONAL EQUILIBRIUM, SEVERAL
FACTORS CAN INFLUENCE WHETHER THIS EQUILIBRIUM IS MAINTAINED. THE MOST DIRECT FACTORS ARE THE MAGNITUDE AND
DIRECTION OF APPLIED FORCES AND THE DISTANCES FROM THE PIVOT. HO\X/EVER/ OTHER PROPERTIES OF THE OBJECT ITSELF CAN
ALSO PLAY A SIGNIFICANT ROLE.

THE DISTRIBUTION OF MASS WITHIN AN OBJECT IS PARTICULARLY IMPORTANT. FOR A UNIFORM OBJECT, ITS CENTER OF MASS IS
LOCATED AT ITS GEOMETRIC CENTER, SIMPLIFYING MOMENT CALCULATIONS. HO\X/EVEE, FOR NON-UNIFORM OBJECTS, THE CENTER
OF MASS CAN BE ANYWHERE, AND ITS POSITION DICTATES THE GRAVITATIONAL MOMENT ACTING ON THE OBJECT. IF THIS
GRAVITATIONAL MOMENT IS UNBALANCED, IT CAN LEAD TO ROTATION EVEN WITHOUT ANY EXTERNAL FORCES BEING APPLIED.

CenTer oF GRAVITY AND MASs DISTRIBUTION

THE CENTER OF GRAVITY (OR CENTER OF MASS FOR UNIFORM GRAVITATIONAL FIELDS) IS THE POINT WHERE THE ENTIRE WEIGHT
OF AN OBJECT CAN BE CONSIDERED TO ACT. WHEN AN OBJECT IS SUPPORTED AT ITS CENTER OF GRAVITY, IT WILL BE BALANCED.
IF THE SUPPORT POINT IS NOT AT THE CENTER OF GRAVITY, GRAVITY WILL CREATE A MOMENT THAT TENDS TO ROTATE THE
OBJECT.

CONSIDER HOLDING A BROOM. |F YOU TRY TO BALANCE IT BY HOLDING IT AT THE VERY END, IT'S DIFFICULT BECAUSE THE CENTER
OF MASS IS FAR FROM YOUR HAND, CREATING A LARGE GRAVITATIONAL MOMENT. HO\X/EVER, IF YOU MOVE YOUR HAND CLOSER
TO THE CENTER OF MASS, THE LEVER ARM IS REDUCED, AND THE GRAVITATIONAL MOMENT ALSO REDUCES, MAKING IT MUCH
EASIER TO BALANCE. THIS DEMONSTRATES HOW THE DISTRIBUTION OF MASS AND THE LOCATION OF THE CENTER OF GRAVITY
ARE CRITICAL IN ACHIEVING AND MAINTAINING ROTATIONAL EQUILIBRIUM.

CoMMON MISCONCEPTIONS ABOUT THE PRINCIPLE OF MOMENTS

DESPITE ITS STRAIGHTFORW ARD NATURE, THE PRINCIPLE OF MOMENTS CAN SOMETIMES LEAD TO CONFUSION. ONE COMMON
MISCONCEPTION IS THAT ONLY FORCES CAUSE ROTATION. IN REALITY, IT'S THE MOMENT OF A FORCE THAT CAUSES ROTATION,
AND THIS MOMENT IS DEPENDENT ON BOTH THE FORCE AND ITS LEVER ARM. A LARGE FORCE APPLIED VERY CLOSE TO THE PIVOT
MIGHT PRODUCE LESS TORQUE THAN A SMALLER FORCE APPLIED FURTHER AWAY.

ANOTHER MISUNDERSTANDING ARISES FROM THE IDEA OF EQUILIBRIUM. SOME MIGHT BELIEVE THAT IN EQUILIBRIUM, THERE ARE NO
FORCES ACTING ON AN OBJECT. THIS IS INCORRECT. EQUILIBRIUM SIMPLY MEANS THE NET FORCE AND THE NET TORQUE ARE ZERO.
FORCES ARE VERY MUCH PRESENT, THEY ARE JUST BALANCED IN SUCH A WAY THAT THEY PRODUCE NO RESULTANT LINEAR
MOTION OR ROTATION.

Force vs. MOMENT AND EQUILIBRIUM STATES

IT'S VITAL TO DISTINGUISH BETWEEN FORCE AND MOMENT. FORCE IS A PUSH OR PULL, MEASURED IN NEWTONS. MOMENT (OR
TORQUE) IS THE TURNING EFFECT OF A FORCE, MEASURED IN NEW TON-METERS (NM) YOU CAN HAVE A LARGE FORCE WITH A
SMALL MOMENT IF THE LEVER ARM IS SHORT, AND A SMALL FORCE WITH A LARGE MOMENT IF THE LEVER ARM IS LONG.

FURTHERMORE/ ROTATIONAL EQUILIBRIUM DOESN'T ALWAYS MEAN THE OBJECT IS AT REST. AN OBJECT CAN BE IN ROTATIONAL
EQUILIBRIUM IF IT'S ROTATING AT A CONSTANT ANGULAR VELOCITY. THIS IS KNOWN AS DYNAMIC EQUILIBRIUM. IN THIS CASE,
WHILE THERE'S NO NET TORQUE, THERE ARE STILL TORQUES ACTING ON THE OBJECT, BUT THEY CANCEL EACH OTHER OUT. For
EXAMPLE, A MERRY-GO~ROUND SPINNING AT A STEADY PACE IS IN DYNAMIC ROTATIONAL EQUILIBRIUM.



THE PRINCIPLE OF MOMENTS PHYSICS PROVIDES A POWERFUL LENS THROUGH WHICH TO VIEW THE ROTATIONAL BEHAVIOR OF
OBJECTS IN OUR UNIVERSE. FROM THE SIMPLE ACT OF BALANCING A STICK TO THE COMPLEX ENGINEERING OF SKYSCRAPERS, THE
INTERPLAY OF FORCES, LEVER ARMS, AND PIVOT POINTS DICTATES STABILITY AND MOTION. BY UNDERSTANDING AND APPLYING
THIS FUNDAMENTAL CONCEPT, WE GAIN A DEEPER APPRECIATION FOR THE MECHANICS THAT UNDERPIN SO MUCH OF OUR PHYSICAL
WORLD. THE ABILITY TO CALCULATE AND PREDICT ROTATIONAL EFFECTS IS NOT JUST AN ACADEMIC EXERCISE;, IT's A
PRACTICAL SKILL THAT DRIVES INNOVATION AND ENSURES SAFETY IN COUNTLESS APPLICATIONS.

Q: \WHAT IS THE DIFFERENCE BETWEEN MOMENT AND TORQUE?

A: IN PHYSICS, THE TERMS “MOMENT” AND “TORQUE" ARE OFTEN USED INTERCHANGEABLY , ESPECIALLY IN THE CONTEXT OF
ROTATIONAL MECHANICS. BOTH REFER TO THE TURNING EFFECT OF A FORCE ABOUT AN AXIS OR PIVOT. MATHEMATICALLY, THEY
ARE CALCULATED IN THE SAME WAY: FORCE MULTIPLIED BY THE PERPENDICULAR DISTANCE FROM THE PIVOT TO THE LINE OF
ACTION OF THE FORCE. HOWEVER, “TORQUE” IS MORE COMMONLY USED IN DYNAMIC SITUATIONS (WHEN ROTATION IS
OCCURRING OR CHANGING), WHILE “MOMENT” CAN SOMETIMES REFER TO A STATIC TURNING EFFECT OR A COMPONENT OF A MORE
COMPLEX FORCE SYSTEM.

QI How DOES THE PRINCIPLE OF MOMENTS APPLY TO A BALANCED BEAM?

A: FOR A BEAM TO BE BALANCED, IT MUST BE IN ROTATIONAL EQUILIBRIUM. THIS MEANS THAT THE SUM OF THE CLOCKW/ISE
MOMENTS ACTING ON THE BEAM MUST EQUAL THE SUM OF THE COUNTERCLOCKWISE MOMENTS ACTING ON THE BEAM. FOR
INSTANCE, IF A BEAM IS SUPPORTED AT ITS CENTER AND HAS WEIGHTS PLACED ON EITHER SIDE, THE WEIGHT ON ONE SIDE,
MULTIPLIED BY ITS DISTANCE FROM THE CENTER, MUST EQUAL THE WEIGHT ON THE OTHER SIDE, MULTIPLIED BY ITS DISTANCE
FROM THE CENTER.

QI CAN THE PRINCIPLE OF MOMENTS BE APPLIED TO NON-RIGID OBJECTS?

A: YES/ THE PRINCIPLE OF MOMENTS CAN BE APPLIED TO NON-RIGID OBJECTS, BUT IT BECOMES MORE COMPLEX. For NON-RIGID
OBJECTS, YOU NEED TO CONSIDER THE DISTRIBUTION OF MASS AND HOW FORCES CAUSE DEFORMATION. THE PRINCIPLE STILL
HOLDS FOR THE OVERALL CENTER OF MASS OF THE OBJECT, BUT LOCALIZED MOMENTS WITHIN THE OBJECT CAN LEAD TO
STRETCHING, BENDING, OR OTHER FORMS OF DEFORMATION IN ADDITION TO ROTATION.

Q: WHAT IS A UNIT FORCE IN THE CONTEXT OF MOMENTS?

A: A UNIT FORCE IS A FORCE OF MAGNITUDE ONE. W/HEN DISCUSSING MOMENTS, A UNIT FORCE MIGHT BE USED IN CALCULATIONS
INVOLVING DIMENSIONLESS QUANTITIES OR WHEN ANALYZING THE RELATIVE CONTRIBUTIONS OF DIFFERENT FORCES. FOR EXAMPLE,
IF YOU'RE LOOKING AT HOW A FORCE OF 1 NEWTON APPLIED AT A DISTANCE OF 1 METER FROM A PIVOT CONTRIBUTES TO A
MOMENT, YOU'D CALCULATE IT AS T NMm.

QI DOES THE ANGLE AT WHICH A FORCE IS APPLIED AFFECT THE MOMENT?

A: ABSOLUTELY. THE MOMENT CREATED BY A FORCE IS DIRECTLY PROPORTIONAL TO THE COMPONENT OF THE FORCE THAT IS
PERPENDICULAR TO THE LEVER ARM. |F A FORCE IS APPLIED AT AN ANGLE, ONLY THE PERPENDICULAR COMPONENT CONTRIBUTES
TO THE TURNING EFFECT. THIS IS WHY THE FORMULA FOR TORQUE OFTEN INCLUDES SIN(@), WHERE © IS THE ANGLE BET\WEEN THE
FORCE VECTOR AND THE LEVER ARM VECTOR. A FORCE APPLIED PERPENDICULAR TO THE LEVER ARM CREATES THE MAXIMUM
MOMENT.

QI \WHAT HAPPENS IF THE CLOCKWISE MOMENTS ARE GREATER THAN THE
COUNTERCLOCKWISE MOMENTS?

A: IF THE SUM OF THE CLOCKWISE MOMENTS IS GREATER THAN THE SUM OF THE COUNTERCLOCKW/ISE MOMENTS, THE OBJECT
WILL EXPERIENCE A NET CLOCKWISE TORQUE. THIS MEANS THE OBJECT WILL BEGIN TO ROTATE IN A CLOCKW/ISE DIRECTION, OR IF
IT'S ALREADY ROTATING, ITS CLOCKWISE ANGULAR VELOCITY WILL INCREASE.



QZ How IS THE PRINCIPLE OF MOMENTS USED IN STEERING A BICYCLE?

A: STEERING A BICYCLE INVOLVES A COMPLEX INTERPLAY OF MOMENTS. W/HEN YOU TURN THE HANDLEBARS, YOU ARE APPLYING
FORCES THAT CREATE MOMENTS ABOUT THE STEERING AXIS. THE WEIGHT OF THE RIDER AND THE BICYCLE ALSO CREATE
GRAVITATIONAL MOMENTS THAT INFLUENCE BALANCE. THE WAY THESE MOMENTS INTERACT DETERMINES HOW THE BICYCLE
TURNS AND STAYS UPRIGHT. FOR EXAMPLE, PUSHING DOWN ON ONE PEDAL CAN CREATE A TORQUE THAT HELPS INITIATE A TURN.

QI \WHAT IS THE SIGNIFICANCE OF THE PIVOT POINT IN THE PRINCIPLE OF MOMENTS?

A: THE PIVOT POINT IS THE REFERENCE POINT AROUND WHICH ROTATION OCCURS OR IS CONSIDERED TO OCCUR. THE PRINCIPLE
OF MOMENTS STATES THAT THE SUM OF CLOCKWISE MOMENTS MUST EQUAL THE SUM OF COUNTERCLOCKWISE MOMENTS ABOUT
ANY CHOSEN PIVOT POINT FOR THE OBJECT TO BE IN ROTATIONAL EQUILIBRIUM. CHOOSING THE MOST CONVENIENT PIVOT POINT
(OFTEN WHERE AN UNKNOWN FORCE ACTS OR WHERE THE OBJECT IS SUPPORTED) CAN SIGNIFICANTLY SIMPLIFY PROBLEM-
SOLVING.
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