TENSION AP PHYSICS |

THE PHYSIcS oF TensIoN IN AP PHysics 1
TENSION AP PHYSICS 1 IS A FUNDAMENTAL CONCEPT THAT OFTEN FORMS THE BACKBONE OF MANY PROBLEMS IN THE AP PHYsICS
1T CURRICULUM. UNDERSTANDING HOW TO PROPERLY ANALYZE AND CALCULATE TENSION FORCES IS CRUCIAL FOR SUCCESS IN
BOTH COURSEWORK AND THE EXAM. THIS ARTICLE WILL DIVE DEEP INTO THE MULTIFACETED NATURE OF TENSION, EXPLORING ITS
DEFINITION, HOW IT ACTS IN VARIOUS SCENARIOS, AND THE ESSENTIAL TECHNIQUES FOR APPLYING NEWTON'S LAWS TO SOLVE
PROBLEMS INVOLVING THIS UBIQUITOUS FORCE. WE'LL COVER EVERYTHING FROM SIMPLE PULLEY SYSTEMS TO MORE COMPLEX
SITUATIONS, ENSURING YOU'RE EQUIPPED WITH THE KNOWLEDGE TO TACKLE ANY TENSION-RELATED CHALLENGE.
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\WHAT IS TENSION?

AT ITS CORE, TENSION IS A PULLING FORCE EXERTED BY A FLEXIBLE OBJECT, SUCH AS A ROPE, STRING, CABLE, OR CHAIN, WHEN
IT IS STRETCHED. IMAGINE PULLING ON A RUBBER BAND; THE FORCE YOU FEEL IS TENSION. THIS FORCE IS ALWAYS DIRECTED
ALONG THE LENGTH OF THE FLEXIBLE OBJECT AND ALWAYS ACTS TO PULL, NEVER TO PUSH. IT'S A CONTACT FORCE, MEANING IT
REQUIRES DIRECT INTERACTION BETWEEN OBJECTS, AND IT'S A SCALAR QUANTITY, THOUGH IT HAS A SPECIFIC DIRECTION IN ANY
GIVEN PROBLEM. IN AP PHYSICS 1, TENSION IS OFTEN REPRESENTED BY THE SyMeoL ‘T  or ‘F_T'.

THIS PULLING FORCE ARISES FROM THE INTERNAL COHESIVE FORCES WITHIN THE MATERIAL OF THE ROPE OR STRING. W/HEN YOU
PULL ON ONE END, THE MOLECULES WITHIN THE STRING ARE TRYING TO PULL BACK, CREATING THE TENSION THAT CAN BE
TRANSMITTED TO OTHER OBJECTS. |T°S THIS TRANSMISSION OF FORCE THAT MAKES TENSION SO CRITICAL IN MECHANICS.

W ITHouT IT, YOU COULDN/T, FOR INSTANCE, LIFT AN OBJECT WITH A ROPE.

How TENSION ACTS

TENSION ACTS IN A SPECIFIC WAY THAT’'S IMPORTANT TO REMEMBER. |T ALWAYS PULLS AWAY FROM THE OBJECT IT IS
ATTACHED TO, ALONG THE LINE OF THE ROPE OR STRING. IF YOU HAVE A BLOCK HANGING FROM A ROPE, THE TENSION IN THE ROPE
PULLS UPWARD ON THE BLOCK. SIMULTANEOUSLY, IF YOU ARE HOLDING THE OTHER END OF THE ROPE, THE TENSION IN THE ROPE
PULLS DOWNWARD ON YOUR HAND. IT'S AN ACTION-REACTION PAIR, THOUGH WE USUALLY FOCUS ON ITS EFFECT ON THE



OBJECT BEING MOVED OR HELD.

CRUCIALLY, IDEAL ROPES AND STRINGS IN AP PHYSICS 1 PROBLEMS ARE ASSUMED TO BE MASSLESS AND INEXTENSIBLE (THEY
DON'T STRETCH). THIS MEANS THE TENSION IS THE SAME THROUGHOUT THE ENTIRE LENGTH OF THE ROPE. |F THERE WERE MASS OR
STRETCH, THE TENSION COULD VARY, MAKING THE ANALYSIS SIGNIFICANTLY MORE COMPLEX. THIS SIMPLIFICATION IS A KEY
TOOL THAT ALLOWS US TO MAKE MEANINGFUL CALCULATIONS WITH NEWTON’'S LAWS.

ANALYZING TENSION IN DIFFERENT SCENARIOS

THE WAY TENSION MANIFESTS DEPENDS HEAVILY ON THE PHYSICAL SETUP. CONSIDER A SIMPLE CASE: A BOOK RESTING ON A
TABLE AND ATTACHED TO A ROPE THAT IS PULLED HORIZONTALLY. THE TENSION IN THE ROPE IS THE FORCE PULLING THE BOOK
TO THE RIGHT (IF YOU'RE PULLING IT THAT \X/AY). IF YOU TIE A KNOT IN THE ROPE, THE TENSION WILL BE THE FORCE ACTING AT
EACH POINT OF THE KNOT, TRYING TO PULL IT APART.

IN MORE DYNAMIC SITUATIONS, LIKE LIFTING A BOX WITH A ROPE, THE TENSION CAN CHANGE. IF YOU LIFT THE BOX AT A
CONSTANT VELOCITY, THE TENSION WILL BE EQUAL TO THE WEIGHT OF THE BOX. HO\X/EVERI IF YOU ACCELERATE THE BOX
UP\WARD, THE TENSION WILL BE GREATER THAN THE WEIGHT, AS IT NEEDS TO PROVIDE THE NET FORCE FOR ACCELERATION.
CONVERSELY, IF YOU LOWER THE BOX WITH ACCELERATION, THE TENSION WILL BE LESS THAN ITS WEIGHT.

Free-Boby DIAGRAMS AND TENSION

THE ABSOLUTE BEST WAY TO APPROACH ANY PROBLEM INVOLVING TENSION IS TO DRAW A FREE-BODY DIAGRAM (FBD). THIs IS
A DIAGRAM THAT SHOWS ALL THE FORCES ACTING ON A SINGLE OBJECT. FOR TENSION, YOU'LL DRAW AN ARROW POINTING
AWAY FROM THE OBJECT, ALONG THE DIRECTION OF THE ROPE, LABELED ‘T  or 'F_T".

LET'S SAY YOU HAVE AN OBJECT OF MASS ‘M’ HANGING FROM A ROPE. ON THE FBD OF THE OBJECT, YOU WOULD DRAW AN
UPWARD ARROW REPRESENTING TENSION (T) AND A DOWNWARD ARROW REPRESENTING THE FORCE OF GRAVITY (MG). THIS
VISUAL REPRESENTATION IMMEDIATELY CLARIFIES THE FORCES INVOLVED AND THEIR DIRECTIONS, MAKING IT MUCH EASIER TO SET
UP EQUATIONS BASED ON NEWTON'S LAWS.

CALCULATING TENSION WITH NEwTON's LAWS

ONCE YOU HAVE YOUR FREE-BODY DIAGRAM, YOU APPLY NEWTON'S SECOND LAW ($\SIiGMA F = MA$) TO THE OBJECT. THIS
MEANS SUMMING UP ALL THE FORCES ACTING ON THE OBJECT IN EACH DIRECTION (TYPICALLY HORIZONTAL AND VERTICAL) AND
SETTING THAT SUM EQUAL TO THE MASS OF THE OBJECT MULTIPLIED BY ITS ACCELERATION IN THAT DIRECTION.

FOR AN OBJECT HANGING AT REST OR MOVING AT CONSTANT VELOCITY (ZERO ACCELERATION) FROM A ROPE, THE NET FORCE IN
THE VERTICAL DIRECTION IS ZERO. SO, THE UPWARD TENSION (T) WOULD BE EQUAL TO THE DOWNWARD FORCE OF GRAVITY
(MG). IF THE OBJECT IS ACCELERATING UPWARD WITH ACCELERATION ‘A, THE EQUATION BECOMES $T - MG = MA$, WHICH
REARRANGES TO $T = MG + MAS$. IF IT'S ACCELERATING DOWNWARD, THE EQUATION IS $MG - T = MA$, LEADING TO $T = MG
- MA$. THIS SHOWS HOW TENSION DIRECTLY RELATES TO THE ACCELERATION OF THE OBJECT.

o FOR AN OBJECT AT REST OR MOVING AT CONSTANT VELOCITY: $\SIGMA Fy=T-mc=0 \impLIES T = MG$
e FOR AN OBJECT ACCELERATING UPWARDS: $\SIGMA F_y = T - MG = MA \iMPLIES T = MG + MA$

o FOR AN OBJECT ACCELERATING DOWNWARDS: $\SIGMA Fy=mc-T=mMA \IMPLIES T = MG - MAS



CoMMoN PITEALLS AND TiIPs FOR AP PHYsIcs 1 TENSION

ONE COMMON MISTAKE IS FORGETTING THAT TENSION IS A PULLING FORCE AND ASSUMING IT CAN PUSH. ANOTHER IS TO CONFUSE
TENSION WITH OTHER FORCES LIKE FRICTION OR NORMAL FORCE. ALWAYS REMEMBER TENSION IS SPECIFICALLY FROM STRINGS,
ROPES, ETC.

A CRUCIAL TIP IS TO ALWAYS DRAW A FREE-BODY DIAGRAM FOR EACH OBJECT INVOLVED IN A SYSTEM. IF YOU HAVE A PULLEY
WITH A MASS ON EACH SIDE, DRAW AN FBD FOR EACH MASS SEPARATELY. ALSO, REMEMBER THAT THE TENSION IN AN IDEAL
STRING CONNECTING TWO OBJECTS IS THE SAME THROUGHOUT. IF THE STRING PASSES OVER A FRICTIONLESS PULLEY, THE
TENSION PULLING ON ONE MASS IS THE SAME AS THE TENSION PULLING ON THE OTHER.

TENSION IN INCLINED PLANES

\W/HEN DEALING WITH TENSION ON AN INCLINED PLANE, THE PRINCIPLES REMAIN THE SAME, BUT THE FORCE OF GRAVITY NEEDS TO
BE RESOLVED INTO COMPONENTS PARALLEL AND PERPENDICULAR TO THE INCLINE. IF AN OBJECT OF MASS ‘M’ IS ON AN INCLINE
WITH ANGLE $\THETA$ AND IS BEING HELD BY A ROPE PARALLEL TO THE INCLINE, THE FORCE OF GRAVITY PULLING IT DOWN THE
INCLINE 1S $MG \SIN(\THETA)$.

IF THE OBJECT IS AT REST OR MOVING AT A CONSTANT VELOCITY DOWN THE INCLINE, THE TENSION IN THE ROPE PULLING
UPWARD WOULD BE EQUAL TO THIS GRAVITATIONAL COMPONENT: $T = MG \SIN(\THETA)$. IF THE OBJECT IS ACCELERATING
DOWN THE INCLINE WITH ACCELERATION ‘A’, THE EQUATION WouLD BE $MG \SIN(\THETA) - T = MA$, LEADING TO $T = MG
\SIN(\THETA) - MA$. IF THE ROPE IS PULLING THE OBJECT UP THE INCLINE AND IT'S ACCELERATING UPWARDS, THE EQUATION
gECoMES $T - MG \sIN(\THETA) = MA$, 5O $T = MG \sIN(\THETA) + MAS.

TENSION IN PULLEY SYSTEMS

PULLEY SYSTEMS ARE A CLASSIC APPLICATION OF TENSION IN AP PHYSICS 1. FOR AN IDEAL, MASSLESS, FRICTIONLESS PULLEY,
THE TENSION IS THE SAME ON BOTH SIDES OF THE PULLEY. THIS IS A POWERFUL SIMPLIFICATION. [F A ROPE PASSES OVER SUCH A
PULLEY, AND IT’S ATTACHED TO TWO MASSES, $M_ 1% AND $M_2%, THE TENSION PULLING $M__1$ UPWARD IS THE SAME AS
THE TENSION PULLING $M_ 2% UPW ARD.

CONSIDER A SIMPLE ATWOOD MACHINE WHERE $M_ 1% IS HANGING ON ONE SIDE AND $M_2% ON THE OTHER. FOR $M_ 1%, THE
FORCES ARE TENSION (UP) AND GRAVITY ($M_1G$, DOWN). FOR $M_2%, THE FORCES ARE TENSION (UP) AND GRAVITY
($M_2G$, DownN). IF$M_2 >M_1%, $M_2% WILL ACCELERATE DOWNWARDS AND $M_1$ WILL ACCELERATE UPWARDS WITH
THE SAME MAGNITUDE ‘A". SO, FOR $M_1$: $T -M_16=M_1A$, AND FOR $M_2%: $M_2G - T =M_2A%. THESE TWO
EQUATIONS CAN BE SOLVED SIMULTANEOUSLY TO FIND THE TENSION AND ACCELERATION.

TENSION IN SYSTEMS WITH MULTIPLE OBJECTS

W/HEN MULTIPLE OBJECTS ARE CONNECTED BY ROPES, EACH OBJECT REQUIRES ITS OWN FREE-BODY DIAGRAM AND APPLICATION
oF NEwTON'S SECOND LAW. THE KEY IS TO RECOGNIZE THAT THE TENSION IN THE CONNECTING ROPE IS THE SAME THROUGHOUT
(FOR AN IDEAL ROPE). IF YOU HAVE OBJECT A CONNECTED TO OBJECT B BY A ROPE, THE TENSION PULLING ON A IS THE SAME
TENSION PULLING ON B.

FOR EXAMPLE, IMAGINE PUSHING TWO BLOCKS, A AND B, ACROSS A FRICTIONLESS SURFACE CONNECTED BY A ROPE. IF YOU
APPLY A FORCE $F$ To BLOCK B, PUSHING BOTH BLOCKS, THE FBD FOR BLOCK A SHOWS THE TENSION $T$ PULLING IT
FORWARD. THE FBD FOR BLOCK B SHOWS THE APPLIED FORCE $F$ PULLING BACKWARD, THE TENSION $T$ PULLING BACKWARD,
AND ANY OTHER FORCES ACTING ON B. THE NET FORCE ON A IS $T =M_A A%, AND THE NET FORCEONB IS $F - T =M_B A$.
AGAIN, THESE EQUATIONS CAN BE SOLVED TOGETHER FOR UNKNOWN VARIABLES LIKE TENSION OR ACCELERATION.



(UNDERSTANDING TENSION IS NOT JUST ABOUT MEMORIZING FORMULAS; IT'S ABOUT DEVELOPING A SYSTEMATIC APPROACH TO
PROBLEM-SOLVING. BY MASTERING THE USE OF FREE-BODY DIAGRAMS AND NEWTON'S LAWS, YOU CAN CONFIDENTLY TACKLE
ANY SCENARIO INVOLVING PULLING FORCES IN AP PHYSICS 1. THE ABILITY TO VISUALIZE AND QUANTIFY THESE FORCES WILL
SERVE YOU WELL AS YOU PROGRESS THROUGH MORE COMPLEX PHYSICS CONCEPTS.

FREQUENTLY ASkeD QUESTIONS

Q: WHAT IS THE DIFFERENCE BETWEEN TENSION AND WEIGHT IN AP PHysIcs 1?

A: WEIGHT IS THE FORCE OF GRAVITY ACTING ON AN OBJECT, ALWAYS DIRECTED DOWNWARDS TOWARDS THE CENTER OF THE
EARTH. TENSION, ON THE OTHER HAND, IS A PULLING FORCE EXERTED BY A FLEXIBLE OBJECT LIKE A ROPE OR STRING, ACTING
ALONG THE LENGTH OF THAT OBJECT. W/HILE TENSION CAN SOMETIMES BE EQUAL TO WEIGHT (E.G./ AN OBJECT HANGING AT
REST), THEY ARE DISTINCT PHYSICAL FORCES.

Q: CAN TENSION BE ZERO IN AN AP PHYSICS 1 PROBLEM?

A: YES, TENSION CAN BE ZERO. |F THERE IS NO ROPE OR STRING ATTACHED TO AN OBJECT, OR IF THE ROPE IS SLACK AND NOT
UNDER STRAIN, THEN THE TENSION IN THAT ROPE IS ZERO. For EXAMPLE, IF A BLOCK IS SIMPLY SLIDING ON A SURFACE WITHOUT
BEING PULLED OR HELD BY A ROPE, THERE IS NO TENSION ACTING ON IT FROM A ROPE.

Q: How DOES THE MASS OF THE ROPE AFFECT TENSION IN AP PHYsIcs 17

A: INMosT AP PHYSICS 1 PROBLEMS, ROPES AND STRINGS ARE ASSUMED TO BE MASSLESS AND INEXTENSIBLE. THIS IS A
SIMPLIFYING ASSUMPTION THAT MEANS THE TENSION IS UNIFORM THROUGHOUT THE ENTIRE LENGTH OF THE ROPE. |[F THE ROPE HAD
MASS OR COULD STRETCH, THE TENSION COULD VARY ALONG ITS LENGTH, MAKING THE CALCULATIONS MUCH MORE COMPLEX
AND TYPICALLY BEYOND THE SCOPE oF AP PHysics 1.

Q: \WHAT HAPPENS TO TENSION IF AN OBJECT IS ACCELERATING UPWARDS?

A: IF AN OBJECT IS ACCELERATING UP\W ARDS, THE TENSION IN THE ROPE SUPPORTING IT WILL BE GREATER THAN ITS WEIGHT.
THIS IS BECAUSE THE NET FORCE MUST BE UPWARDS TO CAUSE THE UPW ARD ACCELERATION, MEANING THE UP\WARD TENSION
FORCE MUST BE LARGER THAN THE DOWNWARD FORCE OF GRAVITY. THE EQUATION FOR THIS IS $T - MG = MA$.

Q: HOowW DO YOU FIND TENSION IN A ROPE HOLDING TWO OBJECTS CONNECTED BY A
STRING?

A: YOU NEED TO DRAW SEPARATE FREE-BODY DIAGRAMS FOR EACH OBJECT. APPLY NEwTON's SeEconp Law ($\Sicma F =
MA$) TO EACH OBJECT, RECOGNIZING THAT THE TENSION IN THE CONNECTING STRING IS THE SAME FOR BOTH. SOLVE THE
RESULTING SYSTEM OF EQUATIONS FOR THE TENSION.

Q: DOES FRICTION AFFECT TENSION IN A PULLEY SYSTEM?

A: IF THE PULLEY ITSELF IS FRICTIONLESS, THEN IT DOES NOT DISSIPATE ENERGY, AND THE TENSION IS THE SAME ON BOTH SIDES
OF THE ROPE PASSING OVER IT. HOWEVER, IF THE PULLEY HAS FRICTION, THE TENSION ON THE SIDE WHERE THE ROPE IS BEING
PULLED WILL BE GREATER THAN THE TENSION ON THE SIDE WHERE THE ROPE IS BEING RELEASED, DUE TO THE FRICTIONAL FORCE
OPPOSING MOTION. AP PHYSICS 1 TYPICALLY ASSUMES IDEAL, FRICTIONLESS PULLEYS.



QI How IS TENSION RELATED TO ACCELERATION IN A SYSTEM?

A: TENSION IS DIRECTLY RELATED TO ACCELERATION THROUGH NEWTON'S SECOND LAW. IF A SYSTEM IS ACCELERATING, THERE
MUST BE A NET FORCE ACTING ON IT. IN CASES INVOLVING TENSION, THIS NET FORCE IS OFTEN THE DIFFERENCE BETWEEN THE
TENSION AND OTHER FORCES LIKE GRAVITY OR APPLIED FORCES. THE GREATER THE ACCELERATION REQUIRED, THE GREATER THE
NET FORCE, AND THUS OFTEN A GREATER OR LESSER TENSION DEPENDING ON THE DIRECTION OF ACCELERATION.
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