ROLLER COASTER LOOP PHYSICS

ROLLER COASTER LOOP PHYSICS IS A FASCINATING INTERSECTION OF ENGINEERING AND SCIENTIFIC PRINCIPLES THAT CAPTIVATES
THRILL-SEEKERS WORLDWIDE. LUNDERSTANDING HOW THESE COLOSSAL STEEL INVERSIONS MANAGE TO KEEP RIDERS SAFELY
STRAPPED IN, DEFYING GRAVITY AT TERRIFYING SPEEDS, REVEALS A DEEP DIVE INTO CONCEPTS LIKE CENTRIPETAL FORCE,
CONSERVATION OF ENERGY, AND TANGENTIAL VELOCITY. THIS ARTICLE WILL EXPLORE THE FUNDAMENTAL PHYSICS THAT MAKES
ROLLER COASTER LOOPS POSSIBLE, FROM THE INITIAL ASCENT TO THE DIZZYING DESCENT AND THE CRUCIAL FORCES AT PLAY.
WE'LL BREAK DOWN THE SCIENCE BEHIND THE BANKED TURNS, THE FORCES EXPERIENCED BY RIDERS, AND WHY LOOP DESIGNS HAVE
EVOLVED OVER TIME, ENSURING A SAFE YET EXHILARATING EXPERIENCE. GET READY TO HAVE YOUR UNDERSTANDING OF
AMUSEMENT PARK RIDES TRANSFORMED AS WE UNCOVER THE SECRETS OF THE LOOP.
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THE FUNDAMENTALS OF MOTION AND ENERGY

AT ITS CORE, THE PHYSICS OF A ROLLER COASTER LOOP IS GOVERNED BY CLASSICAL MECHANICS, PRIMARILY CONCERNING
MOTION AND ENERGY. BEFORE A ROLLER COASTER CAN EVEN ATTEMPT AN INVERSION, IT MUST FIRST GAIN POTENTIAL ENERGY.
THIS IS TYPICALLY ACHIEVED BY A POWERFUL CHAIN LIFT THAT SLOWLY PULLS THE TRAIN UP THE HIGHEST HILL. AS THE TRAIN
ASCENDS, ITS POSITION ABOVE THE GROUND INCREASES, STORING GRAVITATIONAL POTENTIAL ENERGY. THIS STORED ENERGY IS
THE FUEL FOR THE ENTIRE RIDE, THE HIGHER THE HILL, THE MORE POTENTIAL ENERGY IS AVAILABLE TO BE CONVERTED INTO KINETIC
ENERGY.

ONCE THE TRAIN REACHES THE CREST OF THE LIFT HILL, IT BEGINS ITS DESCENT. DURING THIS DOWNW ARD JOURNEY, THE STORED
POTENTIAL ENERGY IS TRANSFORMED INTO KINETIC ENERGY — THE ENERGY OF MOTION. THE FASTER THE TRAIN MOVES, THE
GREATER ITS KINETIC ENERGY. THIS CONVERSION IS A DIRECT APPLICATION OF THE PRINCIPLE OF CONSERVATION OF ENERGY,
WHICH STATES THAT ENERGY CANNOT BE CREATED OR DESTROYED, ONLY TRANSFERRED OR CHANGED FROM ONE FORM TO
ANOTHER. THE INTERPLAY BETWEEN POTENTIAL AND KINETIC ENERGY DICTATES THE SPEED AND MOMENTUM OF THE ROLLER
COASTER THROUGHOUT ITS COURSE.

UNDERSTANDING VELOCITY AND ACCELERATION

VELOCITY, WHICH IS SPEED WITH DIRECTION, IS A CRITICAL FACTOR IN LOOP PHYSICS. AS THE ROLLER COASTER DESCENDS, ITS
VELOCITY INCREASES. ACCELERATION/ THE RATE AT WHICH VELOCITY CHANGES, IS ALSO CONSTANTLY AT PLAY. GRAVITY
PROVIDES THE PRIMARY ACCELERATION DOWNWARDS, BUT THE TRACK'S DESIGN ALSO INFLUENCES ACCELERATION THROUGH
CURVES AND INCLINES. UNDERSTANDING THESE CONCEPTS IS CRUCIAL BECAUSE THE VELOCITY AT THE TOP OF THE LOOP
DIRECTLY DETERMINES WHETHER THE TRAIN WILL SUCCESSFULLY COMPLETE THE INVERSION.

THINK OF IT LIKE A PENDULUM. W/HEN YOU PULL A PENDULUM BOB TO ITS HIGHEST POINT, IT HAS MAXIMUM POTENTIAL ENERGY
AND ZERO KINETIC ENERGY. W/HEN YOU RELEASE IT, THE POTENTIAL ENERGY CONVERTS INTO KINETIC ENERGY AS IT SWINGS
DOWNWARDS, REACHING MAXIMUM SPEED AT THE BOTTOM. A ROLLER COASTER OPERATES ON A SIMILAR PRINCIPLE, BUT WITH
MORE COMPLEX TRACK ELEMENTS. THE INITIAL HEIGHT OF THE LIFT HILL PROVIDES THE TOTAL ENERGY BUDGET FOR THE ENTIRE
RIDE, INCLUDING ALL ITS TWISTS, TURNS, AND INVERSIONS.



CeNTRIPETAL FORCE: THE SECRET TO STAYING UPSIDE DowN

THIS IS WHERE THE MAGIC OF THE ROLLER COASTER LOOP TRULY UNFOLDS. THE PRIMARY REASON RIDERS DON'T FALL OUT AT
THE TOP OF THE LOOP IS CENTRIPETAL FORCE. CENTRIPETAL FORCE IS NOT A FORCE IN ITSELF, BUT RATHER THE NET FORCE
ACTING TOWARDS THE CENTER OF A CIRCULAR PATH, CAUSING AN OBJECT TO MOVE IN A CIRCLE INSTEAD OF A STRAIGHT LINE. IN
THE CASE OF A ROLLER COASTER, THIS FORCE IS PROVIDED BY A COMBINATION OF GRAVITY AND THE NORMAL FORCE EXERTED BY
THE TRACK ON THE TRAIN'S WHEELS AND THE RIDERS.

FOR A ROLLER COASTER TO SUCCESSFULLY COMPLETE A LOOP, THE CENTRIPETAL FORCE REQUIRED TO KEEP IT MOVING IN A
CIRCULAR PATH MUST BE GREATER THAN OR EQUAL TO THE GRAVITATIONAL FORCE PULLING IT DOWNWARDS AT THE HIGHEST
POINT OF THE LOOP. IF THE SPEED IS TOO LOW, GRAVITY WILL OVERCOME THE CENTRIPETAL FORCE, AND THE TRAIN MIGHT NOT
COMPLETE THE LOOP. THIS IS WHY THE INITIAL DROP MUST BE SUFFICIENTLY HIGH TO BUILD UP ENOUGH SPEED.

THe RoLE oF THE NorRMAL FORCE

THE NORMAL FORCE IS THE FORCE EXERTED BY A SURFACE PERPENDICULAR TO THE OBJECT IN CONTACT WITH IT. IN A ROLLER
COASTER LOOP, THE TRACK PUSHES AGAINST THE WHEELS OF THE TRAIN. AT THE TOP OF THE LOOP, IF THE TRAIN IS MOVING
FAST ENOUGH, THE NORMAL FORCE, ALONG WITH GRAVITY, PROVIDES THE NECESSARY CENTRIPETAL FORCE. IN SOME CASES, THE
SPEED IS SO HIGH THAT THE NORMAL FORCE IS ACTUALLY PUSHING DOWNW ARDS ON THE TRACK, EFFECTIVELY “PULLING” THE
TRAIN UPWARDS AGAINST GRAVITY'S PULL. HO\X/EVERI MORE COMMONLY, GRAVITY ITSELF CONTRIBUTES TO THE CENTRIPETAL
FORCE, AND THE NORMAL FORCE PROVIDES THE ADDITIONAL PUSH NEEDED.

IMAGINE YOU'RE SWINGING A BUCKET OF WATER IN A CIRCLE OVERHEAD. |F YOU SWING IT FAST ENOUGH, THE WATER STAYS IN
THE BUCKET EVEN WHEN IT'S UPSIDE DOWN. THE WALLS OF THE BUCKET ARE PROVIDING THE CENTRIPETAL FORCE. SIMILARLY,
THE ROLLER COASTER TRACK PROVIDES THE NECESSARY FORCE TO KEEP THE RIDERS MOVING IN A CIRCLE. THE KEY IS THAT THE
TANGENTIAL VELOCITY (THE SPEED ALONG THE PATH OF THE CIRCLE) MUST BE SUFFICIENT TO GENERATE THE REQUIRED
CENTRIPETAL ACCELERATION.

CONSERVATION OF ENERGY: FROM ToP To BoTTOM

THE PRINCIPLE OF CONSERVATION OF ENERGY IS FUNDAMENTAL TO UNDERSTANDING THE ENTIRE ROLLER COASTER RIDE, INCLUDING
ITS LOOPS. AS MENTIONED EARLIER, THE INITIAL POTENTIAL ENERGY GAINED AT THE TOP OF THE LIFT HILL IS CONVERTED INTO
KINETIC ENERGY AS THE COASTER DESCENDS. THIS KINETIC ENERGY IS WHAT PROPELS THE TRAIN THROUGH THE LOOP. THE TOTAL
MECHANICAL ENERGY (POTENTIAL ENERGY *+ KINETIC ENERGY) OF THE SYSTEM REMAINS CONSTANT, ASSUMING NEGLIGIBLE
FRICTION AND AIR RESISTANCE.

THE DESIGN OF THE LOOP IS CAREFULLY CALCULATED SO THAT THE KINETIC ENERGY AT THE HIGHEST POINT OF THE LOOP IS
SUFFICIENT TO PROVIDE THE NECESSARY SPEED FOR THE CENTRIPETAL FORCE. |F THE INITIAL HEIGHT ISN'T HIGH ENOUGH, OR IF
FRICTION DISSIPATES TOO MUCH ENERGY, THE COASTER WON'T HAVE ENOUGH VELOCITY TO COMPLETE THE LOOP. ENGINEERS
METICULOUSLY BALANCE THE ENERGY CONVERSION TO ENSURE SAFETY AND EXHILARATION.

CALCULATING ENerGY CONVERSION

THE POTENTIAL ENERGY (PE) AT THE TOP OF THE LIFT HILL IS CALCULATED AS PE = MGH, WHERE ‘M’ IS THE MASS OF THE TRAIN
AND ITS PASSENGERS, ‘G’ IS THE ACCELERATION DUE TO GRAVITY, AND ‘H’ IS THE HEIGHT OF THE HILL. AS THE COASTER
DESCENDS, THIS POTENTIAL ENERGY IS CONVERTED INTO KINETIC ENERGY (KE), CALCULATED AS KE = 0.5Mv?, WHERE 'V’ IS THE
VELOCITY OF THE TRAIN. AT THE TOP OF THE LOOP, FOR THE COASTER TO SUCCESSFULLY COMPLETE THE INVERSION, THE
KINETIC ENERGY MUST BE SUFFICIENT TO OVERCOME GRAVITY AND PROVIDE THE REQUIRED CENTRIPETAL FORCE.



THIS ENERGY CONVERSION IS A CONTINUOUS CYCLE THROUGHOUT THE RIDE. AS THE COASTER GOES UP SMALLER HILLS, KINETIC
ENERGY IS CONVERTED BACK INTO POTENTIAL ENERGY, AND AS IT GOES DOWN, POTENTIAL ENERGY TRANSFORMS BACK INTO
KINETIC ENERGY. THE TOTAL ENERGY AVAILABLE IS DICTATED BY THAT VERY FIRST, MASSIVE CLIMB.

THE ANATOMY OF A RoLLErR CoAsTER LooP

THE TRADITIONAL CIRCULAR LOOP, WHILE ICONIC, IS NOT THE MOST EFFICIENT OR COMFORTABLE DESIGN FOR MODERN ROLLER
COASTERS. ENGINEERS HAVE DEVELOPED MORE ADVANCED SHAPES, MOST NOTABLY THE CLOTHOID LOOP, ALSO KNOWN AS A
TEARDROP LOOP. THE KEY DIFFERENCE LIES IN THE CURVATURE. A CIRCULAR LOOP HAS A CONSTANT RADIUS, MEANING THE
CURVATURE IS THE SAME EVERYWHERE. A CLOTHOID LOOP, HOWEVER, HAS A CONTINUOUSLY CHANGING RADIUS, BEING TIGHTER
AT THE TOP AND WIDER AT THE BOTTOM.

THIS VARIABLE RADIUS DESIGN IS CRUCIAL FOR RIDER COMFORT AND SAFETY. IN A CIRCULAR LOOP, THE CENTRIPETAL FORCE
REQUIRED IS HIGHEST AT THE BOTTOM AND LOWEST AT THE TOP. THIS CAN LEAD TO VERY HIGH G-FORCES AT THE BOTTOM,
WHICH CAN BE UNCOMFORTABLE, AND POTENTIALLY INSUFFICIENT FORCE AT THE TOP IF THE SPEED ISN'T PERFECTLY CALIBRATED.
THE CLOTHOID LOOP MITIGATES THESE ISSUES BY REQUIRING LESS CENTRIPETAL FORCE AT THE BOTTOM (DUE TO A LARGER
RADIUS) AND MORE AT THE TOP (DUE TO A SMALLER RADIUS), LEADING TO A SMOOTHER AND MORE MANAGEABLE G-FORCE
PROFILE FOR RIDERS.

CIrRCcULAR Loors vs. CLoTHoID LooPrs

CONSIDER THE FORCES INVOLVED. IN A PERFECT CIRCULAR LOOP, THE CENTRIPETAL ACCELERATION REQUIRED AT THE TOP
(WHERE SPEED IS LOWEST) IS V2/R, WHERE 'R’ IS THE RADIUS. IF THIS ACCELERATION IS LESS THAN ‘G’, THE RIDERS WILL
EXPERIENCE WEIGHTLESSNESS OR EVEN FALL OUT. AT THE BOTTOM, THE RADIUS IS THE SAME, BUT THE SPEED IS MUCH HIGHER,
RESULTING IN A SIGNIFICANTLY LARGER CENTRIPETAL ACCELERATION AND THUS MUCH HIGHER G-FORCES. RIDERS MIGHT
EXPERIENCE FORCES UPW ARDS OF 5G OR MORE.

THE CLOTHOID LOOP, WITH ITS CHANGING RADIUS, ALLOWS FOR A MORE GRADUAL INCREASE IN G-FORCES. AS THE COASTER
ENTERS THE LOOP, THE RADIUS IS LARGE, MEANING LESS CENTRIPETAL FORCE IS NEEDED. AS IT APPROACHES THE TOP, THE RADIUS
TIGHTENS, INCREASING THE CENTRIPETAL FORCE REQUIREMENT WITHOUT THE NEED FOR AN EXCESSIVELY HIGH ENTRY SPEED. THiS
RESULTS IN A MORE PLEASANT AND SAFER EXPERIENCE. THE TRANSITION INTO AND OUT OF THE LOOP IS ALSO SMOOTHER WITH
THIS DESIGN.

FORCES EXPERIENCED BY RIDERS

\X/HEN YOU'RE ON A ROLLER COASTER, YOU EXPERIENCE A COMBINATION OF FORCES THAT AFFECT YOUR SENSE OF WEIGHT.
THESE FORCES ARE PRIMARILY GRAVITY AND THE NORMAL FORCE FROM THE SEAT. DURING A LOOP, THESE FORCES CHANGE
DRAMATICALLY, LEADING TO THE THRILLING SENSATIONS OF G-FORCE. G-FORCE IS A MEASURE OF ACCELERATION RELATIVE TO
THE ACCELERATION DUE TO GRAVITY. 1G IS THE NORMAL FORCE YOU FEEL WHEN STANDING STILL.

AT THE BOTTOM OF THE LOORP, YOU'LL FEEL THE STRONGEST G-FORCES. THIS IS BECAUSE THE NORMAL FORCE FROM THE SEAT
IS PUSHING UPWARDS, SIGNIFICANTLY MORE THAN GRAVITY. THIS SENSATION IS OFTEN DESCRIBED AS BEING “PUSHED INTO YOUR
SEAT.” AT THE TOP OF THE LOOP, THE FEELING IS DIFFERENT. IF THE COASTER IS MOVING FAST ENOUGH, YOU MIGHT FEEL VERY
LIGHT, OR EVEN A SENSATION OF NEAR WEIGHTLESSNESS. THIS IS BECAUSE THE NORMAL FORCE IS MINIMAL, OR EVEN ZERO, AND
GRAVITY IS THE PRIMARY FORCE YOU FEEL, PULLING YOU DOWNW ARDS.



UNDERSTANDING G-FORCE AND ITS EFFECTS

THE FORCES EXPERIENCED ARE A DIRECT RESULT OF NEWTON'S LAWS OF MOTION AND THE CONCEPT OF CENTRIPETAL FORCE.
W/HEN THE ROLLER COASTER ACCELERATES UPWARDS OR IS PUSHED INTO YOUR SEAT AT THE BOTTOM OF THE LOOP, YOU ARE
EXPERIENCING POSITIVE G‘FORCES, MEANING THE APPARENT WEIGHT YOU FEEL IS GREATER THAN YOUR ACTUAL WEIGHT. THIS IS
DUE TO THE NORMAL FORCE PUSHING AGAINST YOU.

CONVERSELY, AT THE TOP OF THE LOOP, IF THE SPEED IS JUST RIGHT, YOU MIGHT FEEL CLOSE TO ZERO Gs. THIS IS BECAUSE THE
NORMAL FORCE FROM THE SEAT IS VERY SMALL, AND THE PRIMARY FORCE YOU FEEL IS GRAVITY PULLING YOU DOWN. IF THE
COASTER WERE TO GO EVEN FASTER AT THE TOP, THE NORMAL FORCE WOULD STILL BE PUSHING DOWNWARDS, BUT THE
SENSATION WOULD BE ONE OF LIGHTNESS. THE ENGINEERS DESIGN THE LOOPS TO ENSURE THAT THE G-FORCES REMAIN WITHIN
SAFE AND ENJOYABLE LIMITS FOR THE HUMAN BODY, TYPICALLY NOT EXCEEDING 4-6 GS FOR SUSTAINED PERIODS.

WHY LooPING COASTERS ARE SAFE

DESPITE THE APPARENT DANGER OF GOING UPSIDE DOWN AT HIGH SPEEDS, ROLLER COASTER LOOPS ARE REMARKABLY SAFE. THiS
SAFETY IS A TESTAMENT TO METICULOUS ENGINEERING, ADVANCED MATERIALS, AND A DEEP UNDERSTANDING OF THE UNDERLYING
PHYSICS. THE PRIMARY SAFETY MECHANISM IS THE CONTROLLED APPLICATION OF FORCES, ENSURING THAT RIDERS ARE ALWAYS

SUBJECTED TO FORCES WITHIN HUMAN TOLERANCE.

THE USE OF THE CLOTHOID LOOP DESIGN IS A MAJOR FACTOR IN SAFETY. BY ENSURING THAT THE REQUIRED CENTRIPETAL FORCE
AT THE TOP OF THE LOOP IS MET WITH SUFFICIENT SPEED, ENGINEERS PREVENT THE TRAIN FROM STALLING OR FALLING.
FURTHERMORE/ THE RESTRAINTS ON ROLLER COASTERS ARE INCREDIBLY ROBUST, DESIGNED TO KEEP RIDERS SECURELY IN THEIR
SEATS, EVEN WHEN EXPERIENCING EXTREME FORCES OR MOMENTS OF NEAR-WEIGHTLESSNESS. THE TRACKS THEMSELVES ARE BUILT
TO INCREDIBLY HIGH STANDARDS, WITH REGULAR INSPECTIONS AND MAINTENANCE TO ENSURE STRUCTURAL INTEGRITY.

THe RoLE oF RESTRAINTS AND TRACK DESIGN

MODERN ROLLER COASTER RESTRAINTS, SUCH AS LAP BARS AND OVER~THE-SHOULDER HARNESSES, ARE ENGINEERED TO
WITHSTAND SIGNIFICANT FORCES AND KEEP RIDERS FROM BEING EJECTED FROM THE TRAIN. THESE RESTRAINTS ARE DESIGNED TO
WORK IN CONJUNCTION WITH THE FORCES EXPERIENCED ON THE RIDE, NOT AGAINST THEM. For INSTANCE, AT THE BOTTOM OF THE
LOOP, THE POSITIVE G-FORCES ACTUALLY HELP TO PUSH RIDERS DEEPER INTO THEIR RESTRAINTS, FURTHER SECURING THEM.

THE TRACK ITSELF IS A MARVEL OF ENGINEERING. MADE FROM HIGH-STRENGTH STEEL, IT IS DESIGNED TO HANDLE IMMENSE STRESS
AND STRAIN. THE WHEELS ON THE TRAIN ARE ALSO CRITICAL, WITH MULTIPLE SETS OF WHEELS RUNNING ON DIFFERENT PARTS OF
THE TRACK TO ENSURE STABILITY AND PREVENT DERAILMENT. THE PRECISION WITH WHICH THESE TRACKS ARE MANUFACTURED
AND INSTALLED IS PARAMOUNT TO THE SAFETY OF EVERY RIDE.

THE EvoLuTIioN oF Loopr DesIGN

THE FIRST ROLLER COASTER LOOPS WERE A SIGNIFICANT ENGINEERING FEAT, BUT THEY WERE OFTEN ROUGH AND
UNCOMFORTABLE. EARLY DESIGNS, SUCH AS THE ORIGINAL VERTICAL LOOP, WERE PURELY CIRCULAR. AS ENGINEERS AND
PHYSICISTS GAINED A BETTER UNDERSTANDING OF THE FORCES INVOLVED AND THE PHYSIOLOGY OF THE HUMAN BODY, THEY
BEGAN TO REFINE LOOP DESIGNS. THIS LED TO THE DEVELOPMENT OF THE CLOTHOID LOOP, WHICH PROVIDED A MUCH SMOOTHER
AND SAFER RIDE EXPERIENCE.

THE INNOVATION DIDN'T STOP THERE. DESIGNERS CONTINUED TO EXPERIMENT WITH VARIOUS ELEMENTS, SUCH AS INVERSIONS
THAT WEREN'T PERFECT CIRCLES, BUT MORE COMPLEX CURVES THAT ALLOWED FOR DIFFERENT SENSATIONS AND MORE THRILLING



LAYOUTS. THIS CONTINUOUS EVOLUTION IS DRIVEN BY A DESIRE TO PUSH THE BOUNDARIES OF AMUSEMENT PARK RIDES WHILE
ALWAYS PRIORITIZING THE SAFETY AND ENJOYMENT OF THE RIDERS. |HE PURSUIT OF THE PERFECT THRILL INVOLVES A CONSTANT
INTERPLAY BETWEEN DARING DESIGN AND RIGOROUS SCIENTIFIC APPLICATION.

FrRoM VERTICAL LooPs To BEyonD

THE PROGRESSION FROM SIMPLE VERTICAL LOOPS TO MORE INTRICATE INVERSIONS LIKE CORKSCREWS, ZeERO-G ROLLS, AND DIVE
LOOPS SHOWCASES THE INGENUITY OF ROLLER COASTER DESIGNERS. EACH TYPE OF INVERSION IS A CAREFULLY CRAFTED
EXERCISE IN PHYSICS, UTILIZING CONTROLLED ACCELERATION AND DECELERATION TO CREATE SPECIFIC SENSATIONS. THE FORCES
FELT IN A CORKSCREW , FOR EXAMPLE, ARE DIFFERENT FROM THOSE IN A STANDARD LOOP, OFFERING A UNIQUE TACTILE
EXPERIENCE.

THE MATERIALS SCIENCE BEHIND ROLLER COASTER CONSTRUCTION HAS ALSO ADVANCED SIGNIFICANTLY. THE STEEL USED TODAY
IS STRONGER AND MORE RESILIENT THAN IN THE PAST, ALLOWING FOR MORE COMPLEX AND DARING DESIGNS. FURTHERMORE,
COMPUTER SIMULATIONS PLAY A MASSIVE ROLE IN MODERN DESIGN, ALLOWING ENGINEERS TO MODEL AND TEST EVERY ASPECT OF
A RIDE'S PERFORMANCE BEFORE IT’S EVER BUILT. THIS ITERATIVE PROCESS OF DESIGN, SIMULATION, AND TESTING ENSURES THAT
EVERY NEW COASTER IS NOT ONLY THRILLING BUT ALSO INCREDIBLY SAFE.

Q: WHAT IS THE MINIMUM SPEED A ROLLER COASTER NEEDS AT THE TOP OF A LOOP TO
STAY ON THE TRACK?

A: THE MINIMUM SPEED DEPENDS ON THE RADIUS OF THE LOOP. 1O AVOID FALLING, THE CENTRIPETAL FORCE REQUIRED (MV2/E>
MUST BE AT LEAST EQUAL TO THE GRAVITATIONAL FORCE (MG) PULLING THE TRAIN DOWN. THIS SIMPLIFIES TO V2 > GR,
MEANING THE MINIMUM SPEED 'V’ IS THE SQUARE ROOT OF (GR) IF THE SPEED IS LESS THAN THIS, THE TRAIN WILL FALL.

QZ \WHY DO RIDERS FEEL HEAVIER AT THE BOTTOM OF A ROLLER COASTER LOOP?

A: AT THE BOTTOM OF A LOOP, THE ROLLER COASTER IS MOVING FASTEST, AND THE TRACK CURVES UPW ARDS. THE NORMAL
FORCE FROM THE SEAT PUSHING UP ON THE RIDER IS SIGNIFICANTLY GREATER THAN THE FORCE OF GRAVITY PULLING THEM DOWN.
THIS INCREASED NORMAL FORCE IS WHAT MAKES RIDERS FEEL HEAVIER, EXPERIENCING POSITIVE G-FORCES.

Q: How DOES AIR RESISTANCE AFFECT ROLLER COASTER LOOP PHYSICS?

A: AR RESISTANCE, OR DRAG, IS A FORCE THAT OPPOSES MOTION THROUGH THE AIR. |T CAUSES ENERGY LOSS, MEANING THE
ROLLER COASTER'S TOTAL MECHANICAL ENERGY DECREASES OVER TIME. W/HILE ENGINEERS ACCOUNT FOR AIR RESISTANCE IN
THEIR CALCULATIONS, IT'S GENERALLY A SECONDARY FACTOR COMPARED TO FRICTION AND GRAVITY, ESPECIALLY FOR THE
PRIMARY PHYSICS OF COMPLETING A LOOP.

QZ WHAT ARE G-FORCES AND HOW ARE THEY MEASURED IN ROLLER COASTERS?

A: G-FORCES ARE A MEASURE OF ACCELERATION RELATIVE TO THE ACCELERATION DUE TO EARTH'S GRAVITY (G) 1G IS THE
FORCE YOU FEEL WHEN STANDING STILL. ROLLER COASTERS CAN GENERATE POSITIVE G-FORCES (FEELING HEAVIER) AND
NEGATIVE G-FORCES (FEELING LIGHTER OR \X/EIGHTLESS). THESE FORCES ARE MEASURED USING ACCELEROMETERS AND ARE
CRUCIAL FOR RIDE DESIGN AND SAFETY, TYPICALLY KEEPING WITHIN A RANGE OF - 16 To ABOUT baG.

Q: WHY ARE CLOTHOID LOOPS PREFERRED OVER CIRCULAR LOOPS IN MODERN ROLLER



COASTER DESIGN?

A: CLOTHOID LOOPS (TEARDROP‘SHAPED) ARE PREFERRED BECAUSE THEY PROVIDE A MUCH SMOOTHER RIDE AND MORE
MANAGEABLE G-FORCES FOR PASSENGERS. THEY HAVE A CONTINUOUSLY CHANGING RADIUS, BEING TIGHTER AT THE TOP AND
WIDER AT THE BOTTOM. THIS DESIGN REDUCES THE PEAK G-FORCES AT THE BOTTOM AND ENSURES SUFFICIENT FORCE AT THE
TOP TO COMPLETE THE LOOP SAFELY, UNLIKE A CONSTANT-RADIUS CIRCULAR LOOP WHICH CAN LEAD TO DISCOMFORT.

Q: DOES THE WEIGHT OF THE PASSENGERS AFFECT THE PHYSICS OF A ROLLER COASTER
LOOP?

A: YES, THE WEIGHT (MASS) OF THE PASSENGERS DOES AFFECT THE PHYSICS, PARTICULARLY REGARDING THE FORCES
EXPERIENCED AND THE ENERGY REQUIRED. HO\X/EVER, IN THE FUNDAMENTAL EQUATIONS FOR CENTRIPETAL FORCE (MVZ/R) AND
GRAVITY (MG), THE MASS ‘M’ OFTEN CANCELS OUT WHEN DETERMINING THE MINIMUM SPEED REQUIRED TO COMPLETE A LOOP. FOR
DESIGN PURPOSES, ENGINEERS CALCULATE BASED ON A MAXIMUM EXPECTED LOAD, ASSUMING THE TRAIN WILL BE FULL.

QI \WHAT HAPPENS IF A ROLLER COASTER GOES TOO SLOW AT THE TOP OF A LOOP?

A: IF A ROLLER COASTER GOES TOO SLOW AT THE TOP OF A LOOP, THE CENTRIPETAL FORCE REQUIRED TO KEEP IT MOVING IN A
CIRCLE WILL BE LESS THAN THE FORCE OF GRAVITY PULLING IT DOWN. IN THIS SCENARIO, THE TRAIN WILL NOT HAVE ENOUGH
FORCE TO MAINTAIN ITS CIRCULAR PATH AND WILL ESSENTIALLY FALL OFF THE TOP OF THE LOOP. THIS IS WHY SUFFICIENT
INITIAL SPEED AND ENERGY ARE PARAMOUNT FOR LOOP COMPLETION.
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