PHYSICS TORQUE PRACTICE PROBLEMS

MASTERING PHYSICS TORQUE PRACTICE PrOBLEMS: A COMPREHENSIVE GUIDE

PHYSICS TORQUE PRACTICE PROBLEMS ARE A FUNDAMENTAL ASPECT OF ROTATIONAL MOTION IN PHYSICS, AND MASTERING THEM
IS CRUCIAL FOR SUCCESS IN INTRODUCTORY MECHANICS COURSES AND BEYOND. THIS ARTICLE SERVES AS YOUR ULTIMATE
RESOURCE FOR UNDERSTANDING AND TACKLING TORQUE-RELATED CHALLENGES. \WE'LL DELVE INTO THE CORE CONCEPTS OF
TORQUE, EXPLORE VARIOUS PROBLEM~-SOLVING STRATEGIES, AND WALK THROUGH DETAILED EXAMPLES THAT COVER A WIDE
RANGE OF SCENARIOS. FROM CALCULATING TORQUE DUE TO A SINGLE FORCE TO ANALYZING SYSTEMS WITH MULTIPLE FORCES
AND LEVERS, THIS GUIDE IS DESIGNED TO EQUIP YOU WITH THE KNOWLEDGE AND CONFIDENCE TO CONQUER ANY TORQUE
PROBLEM YOU ENCOUNTER. GET READY TO DEEPEN YOUR UNDERSTANDING OF HOW FORCES CREATE ROTATION AND HOW TO
QUANTIFY THIS EFFECT.

(UNDERSTANDING THE FUNDAMENTALS OF T ORQUE

TORQUE, OFTEN REFERRED TO AS THE “ROTATIONAL EQUIVALENT OF FORCE," IS THE TURNING EFFECT OF A FORCE. TS WHAT
CAUSES AN OBJECT TO ROTATE AROUND AN AXIS OR PIVOT POINT. UNLIKE LINEAR MOTION, WHERE A FORCE DIRECTLY CAUSES
ACCELERATION, IN ROTATIONAL MOTION, TORQUE IS THE CAUSE OF ANGULAR ACCELERATION. W ITHOUT TORQUE, AN OBJECT
WILL NOT START TO ROTATE, NOR WILL ITS RATE OF ROTATION CHANGE. UNDERSTANDING THE FACTORS THAT INFLUENCE
TORQUE IS THE FIRST STEP TOWARDS SOLVING ANY PRACTICE PROBLEM.

DEFINITION AND FORMULA FOR T ORQUE

AT ITS CORE, TORQUE (REPRESENTED BY THE GREEK LETTER TAU, $\TAU$) IS DEFINED AS THE PRODUCT OF THE FORCE APPLIED,
THE DISTANCE FROM THE PIVOT POINT TO WHERE THE FORCE IS APPLIED (THE LEVER ARM), AND THE SINE OF THE ANGLE BETWEEN
THE FORCE VECTOR AND THE LEVER ARM VECTOR. MATHEMATICALLY, THIS IS EXPRESSED AS:

$\Tau =R F \sin(\THETA)$

Here, $r$ IS THE MAGNITUDE OF THE DISPLACEMENT VECTOR FROM THE AXIS OF ROTATION TO THE POINT WHERE THE FORCE IS
APPLIED, $F$ IS THE MAGNITUDE OF THE FORCE, AND $\THETA$ IS THE ANGLE BETWEEN THE VECTORS $\VEC{R}$ AND
$\vec{F}$. THE DIRECTION OF TORQUE IS DETERMINED BY THE RIGHT-HAND RULE: IF YOUR FINGERS CURL IN THE DIRECTION OF
ROTATION CAUSED BY THE TORQUE, YOUR THUMB POINTS IN THE DIRECTION OF THE TORQUE VECTOR.

UNITS oF TORQUE

THE STANDARD S| UNIT FOR TORQUE IS THE NEWTON-METER (N*M). THIS UNIT ARISES DIRECTLY FROM THE FORMULA: FORCE
(NEWTONS) MULTIPLIED BY DISTANCE (METERS). IT'S IMPORTANT TO DISTINGUISH THIS FROM THE JOULE (J), WHICH IS THE UNIT
OF WORK AND ENERGY. WHILE BOTH ARE N'M, THEY REPRESENT DIFFERENT PHYSICAL QUANTITIES AND SHOULD NOT BE
INTERCHANGED. IN SOME CONTEXTS, PARTICULARLY IN ENGINEERING, YOU MIGHT ALSO ENCOUNTER UNITS LIKE FOOT-POUNDS (FT-
LB).

FACTORS AFFECTING T ORQUE MAGNITUDE

SEVERAL KEY FACTORS DETERMINE THE MAGNITUDE OF THE TORQUE PRODUCED BY A FORCE. UUNDERSTANDING THESE IS
PARAMOUNT FOR SOLVING PRACTICE PROBLEMS EFFECTIVELY.

MAGNITUDE OF THE FORCE: A LARGER FORCE WILL GENERALLY PRODUCE A LARGER TORQUE, ASSUMING THE DISTANCE AND ANGLE
REMAIN CONSTANT. IMAGINE TRYING TO OPEN A STUBBORN JAR LID — A STRONGER GRIP (LARGER FORCE) MAKES IT EASIER.
DISTANCE FROM THE PIvoT PoINT (LEVER ARM): THE FARTHER THE FORCE IS APPLIED FROM THE PIVOT POINT, THE GREATER THE
TORQUE IT PRODUCES. THIS IS WHY LONGER WRENCHES ARE MORE EFFECTIVE THAN SHORTER ONES FOR LOOSENING TIGHT BOLTS.
THE LEVER ARM IS THE PERPENDICULAR DISTANCE FROM THE AXIS OF ROTATION TO THE LINE OF ACTION OF THE FORCE.

ANGLE OF FORCE APPLICATION: THE SINE OF THE ANGLE ($\THETA$) BETWEEN THE FORCE VECTOR AND THE LEVER ARM VECTOR
IS CRUCIAL. TORQUE IS MAXIMIZED WHEN THE FORCE IS APPLIED PERPENDICULAR TO THE LEVER ARM ($\THETA = 90" \cIrc$,
$\sIN(90™M\cIrc) = 1%). TORQUE IS ZERO WHEN THE FORCE IS APPLIED PARALLEL TO THE LEVER ARM ($\THETA = 0" \cIrc$
or $180"\crec$, $\sin(0™\cre) = \sin(180™\circ) = 0%).

DIRecTION oF TorRQUE: CLockWISE AND COUNTERCLOCKWISE



THE DIRECTION OF TORQUE IS JUST AS IMPORTANT AS ITS MAGNITUDE, AS IT DETERMINES THE DIRECTION OF THE RESULTING
ANGULAR ACCELERATION. CONVENTIONALLYI A COUNTERCLOCKWISE TORQUE IS CONSIDERED POSITIVE, AND A CLOCKWISE
TORQUE IS CONSIDERED NEGATIVE. THIS CONVENTION IS VITAL WHEN SUMMING TORQUES IN A SYSTEM, AS OPPOSING TORQUES
WILL CANCEL EACH OTHER OUT. ALWAYS BE MINDFUL OF THE ROTATIONAL SENSE A FORCE WOULD IMPART.

SOLVING PHYSICS TORQUE PRACTICE PROBLEMS: STEP-BY-STEP STRATEGIES

SUCCESSFULLY NAVIGATING PHYSICS TORQUE PRACTICE PROBLEMS REQUIRES A SYSTEMATIC APPROACH. |T°S NOT JUST ABOUT
PLUGGING NUMBERS INTO A FORMULA, IT'S ABOUT CONCEPTUAL UNDERSTANDING AND CAREFUL APPLICATION OF PRINCIPLES.
HERE’S A BREAKDOWN OF EFFECTIVE STRATEGIES THAT WILL MAKE YOU A TORQUE-SOLVING PRO.

[DENTIFYING THE PIvoT PoINT AND FORCES

THE VERY FIRST STEP IN ANY TORQUE PROBLEM IS TO ACCURATELY IDENTIFY THE PIVOT POINT OR AXIS OF ROTATION. THIS IS
THE POINT AROUND WHICH THE OBJECT IS EXPECTED TO ROTATE. ONCE THE PIVOT IS ESTABLISHED, YOU NEED TO
METICULOUSLY IDENTIFY ALL THE FORCES ACTING ON THE OBJECT. FOR EACH FORCE, YOU'LL NEED TO KNOW ITS MAGNITUDE,
DIRECTION, AND THE POINT AT WHICH IT IS APPLIED RELATIVE TO THE PIVOT. MISSING A FORCE OR MISIDENTIFYING THE PIVOT IS
A SUREFIRE WAY TO GET AN INCORRECT ANSWER.

DETERMINING THE LEVER ARM AND ANGLE

\W/ITH THE PIVOT AND FORCES IDENTIFIED, THE NEXT CRITICAL STEP IS TO DETERMINE THE LEVER ARM FOR EACH FORCE. THE LEVER
ARM ($R$) IS THE DISTANCE FROM THE PIVOT TO THE POINT OF FORCE APPLICATION. CRUCIALLY, IN THE TORQUE FORMULA
$\TAU =R F \sIN(\THETA)$, $r$ IS THE VECTOR FROM THE PIVOT TO THE POINT OF APPLICATION. HOWEVER, IT'S OFTEN
MORE PRACTICAL TO CALCULATE THE PERPENDICULAR DISTANCE FROM THE PIVOT TO THE LINE OF ACTION OF THE FORCE. THIS
PERPENDICULAR DISTANCE IS WHAT DIRECTLY CONTRIBUTES TO THE TURNING EFFECT. |F THE FORCE IS NOT PERPENDICULAR TO
THE LINE CONNECTING THE PIVOT TO THE POINT OF APPLICATION, YOU'LL NEED TO USE TRIGONOMETRY TO FIND THE ANGLE
$\THETA$ BETWEEN THE POSITION VECTOR $\VEC{R}$ AND THE FORCE VECTOR $\VEC{F}$, OR DIRECTLY CALCULATE THE
PERPENDICULAR LEVER ARM.

CALCULATING TORQUE FOR EACH FORCE

ONCE YOU HAVE THE LEVER ARM (OR THE PERPENDICULAR DISTANCE) AND THE ANGLE FOR EACH FORCE, YOU CAN CALCULATE
THE TORQUE CONTRIBUTED BY EACH INDIVIDUAL FORCE USING THE FORMULA $\TAU =R F \sIN(\THETA)$ or $\TAU =
o_{\perr} F$, wHere $D_{\PERP}$ IS THE PERPENDICULAR LEVER ARM. REMEMBER TO ASSIGN THE CORRECT SIGN (POSITIVE FOR
COUNTERCLOCKWISE, NEGATIVE FOR CLOCKWISE) TO EACH TORQUE BASED ON THE DIRECTION OF ROTATION IT WOULD CAUSE.

SUMMING T ORQUES FOR EQUILIBRIUM AND NET T ORQUE

IN MANY PRACTICE PROBLEMS, YOU'LL BE ASKED TO FIND THE NET TORQUE ACTING ON AN OBJECT. THIS IS SIMPLY THE
ALGEBRAIC SUM OF ALL INDIVIDUAL TORQUES. |F AN OBJECT IS IN ROTATIONAL EQUILIBRIUM, MEANING IT IS NOT ACCELERATING
ROTATIONALLY, THE NET TORQUE ACTING ON IT IS ZERO. THIS PRINCIPLE OF ROTATIONAL EQUILIBRIUM IS OFTEN USED TO SOLVE
FOR UNKNOWN FORCES OR DISTANCES. \WHEN AN OBJECT IS NOT IN EQUILIBRIUM, THE NET TORQUE WILL BE EQUAL TO THE
OBJECT'S MOMENT OF INERTIA TIMES ITS ANGULAR ACCELERATION ($ \SiaMa \TAU = | \ALPHA $).

DeTAILED PHYSICS TORQUE PRACTICE PROBLEMS AND SOLUTIONS

LET'S PUT THEORY INTO PRACTICE WITH SOME DETAILED EXAMPLES THAT ILLUSTRATE COMMON TYPES OF PHYSICS TORQUE
PRACTICE PROBLEMS. W/ ORKING THROUGH THESE WILL SOLIDIFY YOUR UNDERSTANDING AND BUILD YOUR PROBLEM-SOLVING
MUSCLE.

ExampLE 1: SIMPLE LEVER ARM CALCULATION

A ForcE oF 50 N IS APPLIED TO A LEVER ARM AT AN ANGLE OF 60 DEGREES WITH RESPECT TO THE LEVER ARM. THE DISTANCE
FROM THE PIVOT TO THE POINT OF FORCE APPLICATION IS 0.5 METERS. CALCULATE THE TORQUE PRODUCED.

GIVEN:
Force, $F = 50$ N
DisTANCE, $Rr = 0.5$ M



ANGLE, $\THETA = 60" \CIRC$

FormuLA: $\TAU =R F \sIN(\THETA)$

SOLUTION:

$\1au = (0.5 \TexT{ M3}) \TiMes (50 \TexT{ N}) \Times \sin(60"\cIrc)$

$\siN(60"\cIrc) \apProx 0.866%

$\1au = 0.5 \1iMes 50 \1TiMes 0.866 \TexT{ N'M}$

$\1TAU = 25 \TiMes 0.866 \TexT{ N'M}$

$\TAaU \aPProX 2 1.65 \TEXT{ N'M}$

ANSWER: THE TORQUE PRODUCED IS APPROXIMATELY 2 1.65 N'M. WE ASSUME THIS FORCE CAUSES A COUNTERCLOCKW/ISE
ROTATION, SO IT'S POSITIVE.

ExaMPLE 2: ROTATIONAL EQUILIBRIUM ON A SEE-SAW

A UNIFORM SEE-SAW IS PIVOTED AT ITS CENTER. A CHILD WEIGHING 200 N sITS 1.5 METERS TO THE LEFT OF THE PIVOT. How
FAR TO THE RIGHT OF THE PIVOT MUST A SECOND CHILD WEIGHING 300 N SIT TO BALANCE THE SEE-SAW?

GIVEN:

CHILD 1 WEIGHT, $F_1=200% N

DisTANCE oF CHILD 1, $R_1 = 1.5% M (TO THE LEFT, ASSUMED CLOCKWISE TORQUE)

CHILD 2 WEIGHT, $F_2 = 300%$ N

CHILD 2 DISTANCE, $R_2 = P$ (TO THE RIGHT, ASSUMED COUNTERCLOCKWISE TORQUE)

PRINCIPLE: FOR ROTATIONAL EQUILIBRIUM, THE NET TORQUE IS ZERO. THEREFORE, THE MAGNITUDE OF THE CLOCKWISE TORQUE
MUST EQUAL THE MAGNITUDE OF THE COUNTERCLOCKWISE TORQUE.

ForMuLA: $\TaU_{cLockwise} = \Tau_{counTercLoCkwWISE}$

$r_1F_1=r_2F_2% (ASSUMING FORCES ARE PERPENDICULAR TO THE LEVER ARM, 5O $\sIN(\THETA) = 1%)
SoLuTIoN:

$(1.5 \text{ M}) \TiMes (200 \TexT{ N}) =r_2 \TiMes (300 \1exT{ N})$

$300 \TexT{ N'M} =r_2 \TiMes 300 \texT{ N}$

$r_2 = \rrAcC{300 \TexT{ N'M}}{300 \Text{ N}}$

$r_2= 1.0 \Text{ M}$

ANSWER: THE SECOND CHILD MUST SIT 1.0 METER TO THE RIGHT OF THE PIVOT TO BALANCE THE SEE-SAW.

ExAMPLE 3: TORQUE WITH PERPENDICULAR LEVER ARM

A poor IS 0.8 METERS WIDE. YOU PUSH ON THE EDGE OF THE DOOR WITH A FORCE oF 40 N, PERPENDICULAR TO THE DOOR'S
SURFACE, TO OPEN IT. WHAT IS THE TORQUE YOU APPLY TO THE DOOR ABOUT THE HINGES?

GIVEN:

\WIDTH OF DooR (LEVER ARM), $R = 0.8% M

Force, $F = 40% N

ANGLE, $\THETA = 90"\ CIRC$ (SINCE THE PUSH IS PERPENDICULAR TO THE DOOR)
FormuLA: $\TAU =R F \sIN(\THETA)$

SoLUTION:

$\1au = (0.8 \TexT{ M3}) \TiMes (40 \texT{ N}) \Times \sin(90"\cIrc)$
$\sIN(90™M\cIre) = 1%

$\tau = 0.8 \1iMes 40 \TiMes 1 \TexT{ N'M}$

$\1AU = 32 \TeXT{ N'M}$

ANSWER: THE TORQUE APPLIED TO THE DOOR IS 32 N'M.

ExAMPLE 4: MULTIPLE FORCES AND NET TORQUE

CONSIDER A RIGID ROD OF LENGTH 2.0 M, PIVOTED AT ITS CENTER. A FORCE OF 10 N ACTS DOWNWARD AT THE LEFT END, AND
A FORCE OF 15 N ACTS UPWARD AT THE RIGHT END. T HE FORCES ARE PERPENDICULAR TO THE ROD. CALCULATE THE NET
TORQUE ON THE ROD.

GIVEN:

Rob LENGTH = 2.0 M, so PIvOT IS AT 1.0 M FROM EACH END.
Force 1, $F 1= 10% N (DOWNWARD AT LEFT END)
DisTANCE 1, $r_1 = 1.0$ M (FROM PIVOT TO LEFT END)



Force 2, $F_2 = 15$ N (UPWARD AT RIGHT END)

DISTANCE 2, $r_2 = 1.0$ M (FROM PIVOT TO RIGHT END)

ANGLES ARE $90"\CIRC$ FOR BOTH FORCES.

CONVENTION: DOWNWARD FORCE AT THE LEFT END WILL CAUSE CLOCKWISE ROTATION (NEGATIVE TORQUE). UPWARD FORCE
AT THE RIGHT END WILL CAUSE COUNTERCLOCKWISE ROTATION (POSITIVE TORQUE).

ForMULA: $\SicMa \TAU = \TAaU_1 + \TAU 2%

SoLUTION:

$\tau_1=r_1F_1\sin(90™\circ) = (1.0 \text{ M}) \TiMes (10 \TexT{ N}) \TiMes 1 =-10 \1exT{ N-M}$
(NEGATIVE FOR CLOCKWISE)

$\Tau_2 =r_2F_2\sin(90™\circ) = (1.0 \text{ M}) \TiMes (15 \TexT{ N}) \TimMes 1
(POSITIVE FOR COUNTERCLOCKW/ISE)

$\SieMa \TAaU = - 10 \TexT{ N'M} + 15 \TexT{ N'mM}$

$\Siema \TAaU = +5 \TexT{ N'M}$

ANSWER: THE NET TORQUE ON THE ROD IS 5 N'M IN THE COUNTERCLOCKW/ISE DIRECTION.

+15 \TexT{ N'‘M}$

ADVANCED CONSIDERATIONS IN T ORQUE PROBLEMS

AS YOU PROGRESS IN YOUR PHYSICS STUDIES, TORQUE PROBLEMS CAN BECOME MORE INTRICATE. (UNDERSTANDING THESE
ADVANCED CONCEPTS WILL PREPARE YOU FOR MORE COMPLEX SCENARIOS AND A DEEPER COMPREHENSION OF ROTATIONAL
DYNAMICS.

TorQUE DUE To GRAVITY (CENTER OF MASS)

FOR EXTENDED OBJECTS, GRAVITY ACTS ON EVERY PART OF THE OBJECT. HO\X/EVER, FOR CALCULATING THE TORQUE DUE TO
GRAVITY, WE CAN TREAT THE ENTIRE WEIGHT OF THE OBJECT AS ACTING AT ITS CENTER OF MASS (CM) IF THE PIVOT POINT IS
NOT AT THE CENTER OF MASS, GRAVITY WILL EXERT A TORQUE. For EXAMPLE, IF YOU HOLD A BROOMSTICK HORIZONTALLY AND
THEN LET GO, GRAVITY ACTING AT THE CM WILL CAUSE IT TO ROTATE AND FALL. PROBLEMS INVOLVING BALANCED OBJECTS
OFTEN REQUIRE CONSIDERING THE TORQUE DUE TO GRAVITY.

ToRQUE AND ANGULAR AcCCELERATION ($ \SicMa \TAU = | \ALPHA $)

THIS FUNDAMENTAL EQUATION CONNECTS TORQUE TO ROTATIONAL MOTION, ANALOGOUS TO NEWTON'S SECOND LAW FOR
LINEAR MOTION ($F=MA$). THE NET TORQUE ($\SIGMA \TAU$) ACTING ON AN OBJECT IS EQUAL TO ITS MOMENT OF INERTIA
($1$) MULTIPLIED BY ITS ANGULAR ACCELERATION ($\ALPHAS$). THE MOMENT OF INERTIA ($1$) IS A MEASURE OF AN OBJECT'S
RESISTANCE TO ROTATIONAL ACCELERATION AND DEPENDS ON ITS MASS AND HOW THAT MASS IS DISTRIBUTED RELATIVE TO THE
AXIS OF ROTATION. SOLVING PROBLEMS USING THIS EQUATION OFTEN INVOLVES FIRST CALCULATING THE NET TORQUE AND
THEN USING IT TO FIND THE ANGULAR ACCELERATION, OR VICE VERSA, GIVEN THE MOMENT OF INERTIA OF THE OBJECT.

ToORQUE IN THREE DIMENSIONS

\WHILE MOST INTRODUCTORY PROBLEMS DEAL WITH TORQUES IN A SINGLE PLANE, TORQUE IS FUNDAMENTALLY A VECTOR
QUANTITY THAT CAN EXIST IN THREE DIMENSIONS. THE CALCULATION INVOLVES THE VECTOR CROSS PrRoDUCT: $\vec{\TAU} =
\vec{r} \TiMes \Vvec{F}$. UNDERSTANDING THE CROSS PRODUCT ALLOWS FOR THE CALCULATION OF TORQUE WHEN FORCES
AND LEVER ARMS ARE NOT CONFINED TO A SIMPLE 2D PLANE, WHICH IS CRUCIAL IN ADVANCED MECHANICS AND ENGINEERING
APPLICATIONS.

TIPS FOR EXCELLING IN PHYSICS TORQUE PRACTICE PROBLEMS

To TRULY MASTER PHYSICS TORQUE PRACTICE PROBLEMS, CONSISTENT EFFORT AND SMART STUDY HABITS ARE KEY. Here ARE
SOME ACTIONABLE TIPS TO HELP YOU EXCEL:

DrRAW DIAGRAMS: ALWAYS SKETCH A CLEAR DIAGRAM OF THE SITUATION. LABEL THE PIVOT POINT, ALL FORCES, THEIR POINTS
OF APPLICATION, AND THE RELEVANT DISTANCES AND ANGLES. A GOOD DIAGRAM IS HALF THE BATTLE.

Be ConsISTENT wWITH CONVENTIONS: STICK TO A CONSISTENT CONVENTION FOR POSITIVE AND NEGATIVE TORQUES (E.G./
COUNTERCLOCKWISE POSITIVE, CLOCKWISE NEGATIVE). THIS PREVENTS ERRORS WHEN SUMMING TORQUES.

Break DowN CoMPLEX PROBLEMS: IF A PROBLEM INVOLVES MULTIPLE FORCES OR AN IRREGULARLY SHAPED OBJECT, BREAK IT
DOWN INTO SMALLER, MANAGEABLE PARTS. CALCULATE THE TORQUE FOR EACH FORCE OR SECTION INDIVIDUALLY BEFORE
SUMMING THEM UP.

UNDERSTAND THE PHYSICS, NOT JUST THE MATH: DON'T JUST MEMORIZE FORMULAS. UNDERSTAND THE PHYSICAL MEANING OF



TORQUE, LEVER ARM, AND THE ANGLE. THIS CONCEPTUAL UNDERSTANDING WILL HELP YOU IDENTIFY THE CORRECT APPROACH
EVEN FOR UNFAMILIAR PROBLEMS.

PRACTICE REGULARLY: THE MORE PROBLEMS YOU SOLVE, THE MORE COMFORTABLE YOU'LL BECOME WITH DIFFERENT SCENARIOS
AND PROBLEM-SOLVING TECHNIQUES. SEEK OUT A VARIETY OF PRACTICE PROBLEMS FROM TEXTBOOKS, ONLINE RESOURCES, AND
PAST EXAMS.

CHECck YOUR UNITS: ALWAYS DOUBLE-CHECK THAT YOUR UNITS ARE CONSISTENT AND THAT YOUR FINAL ANSWER HAS THE
CORRECT UNITS FOR TORQUE (N'M).

BY CONSISTENTLY APPLYING THESE STRATEGIES AND TIPS, YOU'LL FIND YOURSELF BECOMING INCREASINGLY ADEPT AT SOLVING
A WIDE ARRAY OF PHYSICS TORQUE PRACTICE PROBLEMS, BUILDING A STRONG FOUNDATION IN ROTATIONAL MECHANICS.

FREQUENTLY AskeD QUESTIONS ABOUT PHYsSICS ToORQUE PRACTICE PROBLEMS

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

A: FORCE IS A PUSH OR PULL THAT CAN CAUSE AN OBJECT TO ACCELERATE LINEARLY. T ORQUE IS THE ROTATIONAL
EQUIVALENT OF FORCE, IT'S A TWISTING OR TURNING EFFECT THAT CAUSES AN OBJECT TO ACCELERATE ANGULARLY. WHILE
FORCE IS MEASURED IN NE\X/TONS, TORQUE IS MEASURED IN NEW TON-METERS (NM)

Q: WHY IS THE ANGLE IMPORTANT WHEN CALCULATING TORQUE?

A: THE ANGLE BETWEEN THE FORCE VECTOR AND THE LEVER ARM VECTOR IS CRUCIAL BECAUSE ONLY THE COMPONENT OF THE
FORCE THAT IS PERPENDICULAR TO THE LEVER ARM CONTRIBUTES TO THE TURNING EFFECT (TORQUE). IF THE FORCE IS APPLIED
PARALLEL TO THE LEVER ARM, IT WILL NOT CAUSE ANY ROTATION, AND THUS THE TORQUE WILL BE ZERO.

Q: WHEN SOLVING A TORQUE PROBLEM, HOW DO | KNOW WHERE TO PLACE THE PIVOT
POINT?

A: THE PIVOT POINT, OR AXIS OF ROTATION, IS USUALLY EXPLICITLY STATED IN THE PROBLEM. IFIT's NOT, YOU NEED TO
IDENTIFY THE POINT AROUND WHICH THE OBJECT IS INTENDED TO ROTATE. FOR EXAMPLE, IN A SEE-SAW PROBLEM, THE PIVOT IS
AT THE FULCRUM. FOR A DOOR, THE HINGES ARE THE PIVOT.

Q: \WHAT DOES IT MEAN FOR AN OBJECT TO BE IN ROTATIONAL EQUILIBRIUM?

A: AN OBJECT IS IN ROTATIONAL EQUILIBRIUM WHEN THE NET TORQUE ACTING ON IT IS ZERO. THIS MEANS THE OBJECT IS EITHER
NOT ROTATING AT ALL OR IS ROTATING AT A CONSTANT ANGULAR VELOCITY. |T WILL NOT EXPERIENCE ANY CHANGE IN ITS
ROTATIONAL MOTION.

QZ How DOES THE MOMENT OF INERTIA AFFECT TORQUE CALCULATIONS?

A: THe MOMENT OF INERTIA (1) IS A MEASURE OF AN OBJECT’S RESISTANCE TO CHANGES IN ITS ROTATIONAL MOTION. I T PLAYS
A ROLE IN THE EQUATION $\SIGMA \TAU = | \ALPHA$, WHERE THE NET TORQUE CAUSES ANGULAR ACCELERATION ($\ALPHAS).
A LARGER MOMENT OF INERTIA MEANS THAT A GREATER TORQUE IS REQUIRED TO PRODUCE THE SAME ANGULAR ACCELERATION.

Q: CAN TORQUE BE NEGATIVE?

A: YES, TORQUE CAN BE NEGATIVE. BY CONVENTION, TORQUES THAT TEND TO CAUSE COUNTERCLOCKWISE ROTATION ARE
CONSIDERED POSITIVE, AND TORQUES THAT TEND TO CAUSE CLOCKWISE ROTATION ARE CONSIDERED NEGATIVE. THIS SIGN
CONVENTION IS ESSENTIAL FOR CALCULATING THE NET TORQUE.



QI \WHAT IS A LEVER ARM , AND HOW IS IT DIFFERENT FROM THE DISTANCE FROM THE
PIVOT TO THE FORCE?

A: THE LEVER ARM IS THE PERPENDICULAR DISTANCE FROM THE AXIS OF ROTATION TO THE LINE OF ACTION OF THE FORCE. \WHILE
THE DISTANCE FROM THE PIVOT TO THE POINT OF FORCE APPLICATION ($R$) IS USED IN THE FORMULA $\TAU =
RF\SIN(\THETA)$, THE ACTUAL EFFECTIVE LEVER ARM THAT PRODUCES TORQUE IS $R\SIN(\THETA)$, WHICH IS THE
PERPENDICULAR DISTANCE.

QI ARE THERE SITUATIONS WHERE A FORCE PRODUCES ZERO TORQUEP

A: YES, A FORCE PRODUCES ZERO TORQUE IN TWO PRIMARY SITUATIONS: (1) IF THE FORCE IS ZERO, OR (2) IF THE FORCE'S LINE
OF ACTION PASSES DIRECTLY THROUGH THE PIVOT POINT. IN THE LATTER CASE, THE DISTANCE FROM THE PIVOT TO THE LINE OF
ACTION IS ZERO, AND THUS THE TORQUE IS ZERO.

QZ How Do | HANDLE PROBLEMS WITH MULTIPLE FORCES ACTING ON AN OBJECT?

A: FOR PROBLEMS WITH MULTIPLE FORCES, YOU NEED TO CALCULATE THE TORQUE PRODUCED BY EACH FORCE INDIVIDUALLY.
ASSIGN THE CORRECT SIGN <POSITIVE OR NEGATIVE) TO EACH TORQUE BASED ON ITS DIRECTION OF ROTATION. THEN, SUM ALL
THESE INDIVIDUAL TORQUES ALGEBRAICALLY TO FIND THE NET TORQUE ACTING ON THE OBJECT.
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