UNITY PHYSICS ENGINE

UNITY PHYSICS ENGINE IS A FOUNDATIONAL ELEMENT FOR CREATING BELIEVABLE AND INTERACTIVE GAME WORLDS WITHIN THE
UNITY DEVELOPMENT PLATFORM. |IT DICTATES HOW OBJECTS BEHAVE WHEN SUBJECTED TO FORCES, COLLISIONS, AND OTHER
REAL~WORLD PHENOMENA, TRANSFORMING STATIC SCENES INTO DYNAMIC, ENGAGING EXPERIENCES. UNDERSTANDING ITS CORE
COMPONENTS, CAPABILITIES, AND BEST PRACTICES IS PARAMOUNT FOR ANY ASPIRING OR SEASONED UNITY DEVELOPER LOOKING
TO CRAFT IMMERSIVE SIMULATIONS AND COMPELLING GAMEPLAY. THIS COMPREHENSIVE ARTICLE WILL DELVE DEEP INTO THE
INTRICACIES OF THE UNITY PHYSICS ENGINE, EXPLORING ITS FOUNDATIONAL PRINCIPLES, KEY COMPONENTS LIKE RIGIDBODIES AND
COLLIDERS, THE IMPACT OF PHYSICS ON GAMEPLAY , PERFORMANCE OPTIMIZATION TECHNIQUES, AND ADVANCED FEATURES THAT
UNLOCK A NEW LEVEL OF INTERACTIVE REALISM. WE'LL ALSO TOUCH UPON HOW TO EFFECTIVELY LEVERAGE THE UNITY
PHYSICS ENGINE TO BRING YOUR CREATIVE VISIONS TO LIFE.
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(UNDERSTANDING THE UNITY PHYSICS ENGINE: THE FOUNDATION OF
INTERACTIVITY

AT ITS CORE, THE UNITY PHYSICS ENGINE IS A SOPHISTICATED SYSTEM DESIGNED TO SIMULATE THE LAWS OF PHYSICS WITHIN A
3D (o~ 2D) ENVIRONMENT. |T TAKES YOUR GAME OBJECTS, ASSIGNS THEM PHYSICAL PROPERTIES, AND THEN ALLOWS THEM TO
INTERACT REALISTICALLY WITH EACH OTHER AND THE WORLD AROUND THEM. THINK OF IT AS THE INVISIBLE HAND THAT MAKES
SURE WHEN YOU PUSH A BOX, IT MOVES, AND WHEN TWO OBJECTS COLLIDE, THEY BOUNCE OFF EACH OTHER WITH APPROPRIATE
FORCE. THIS SIMULATION IS CRUCIAL BECAUSE IT FORMS THE BEDROCK OF MANY GAMEPLAY MECHANICS, FROM SIMPLE OBJECT
MOVEMENT AND INTERACTION TO COMPLEX ENVIRONMENTAL PUZZLES AND REALISTIC CHARACTER LOCOMOTION. W/ITHOUT A
ROBUST PHYSICS ENGINE, GAMES WOULD FEEL FLOATY, UNRESPONSIVE, AND ULTIMATELY, LESS IMMERSIVE. UNITY’S BUILT-IN
PHYSICS ENGINE, POWERED BY THE NVIDIA PHYsX SDK For 3D AND Box2D For 2D, PROVIDES A POWERFUL AND ACCESSIBLE
WAY FOR DEVELOPERS TO IMPLEMENT THESE REALISTIC BEHAVIORS, ALLOWING FOR A WIDE SPECTRUM OF GAME GENRES AND
INTERACTIVE EXPERIENCES.

THIS ENGINE HANDLES A MULTITUDE OF CALCULATIONS EVERY FRAME, INCLUDING GRAVITY, FRICTION, ELASTICITY, AND THE
DETECTION OF COLLISIONS. |T°S THE REASON WHY A BALL THROWN IN YOUR GAME WILL ARC THROUGH THE AIR, WHY
CHARACTERS MIGHT STUMBLE IF THEY HIT AN OBSTACLE, AND WHY INTRICATE MACHINERY CAN BE BUILT FROM INTERCONNECTED
PARTS. BY UNDERSTANDING HOW TO PROPERLY CONFIGURE AND UTILIZE ITS FEATURES, DEVELOPERS CAN DRAMATICALLY
ENHANCE THE PLAYER'S SENSE OF PRESENCE AND ENGAGEMENT. THIS ARTICLE WILL GUIDE YOU THROUGH THE ESSENTIAL ASPECTS,
ENSURING YOU CAN HARNESS THE FULL POWER OF UNITY'S PHYSICS CAPABILITIES TO CREATE TRULY REMARKABLE INTERACTIVE
EXPERIENCES.

Core COMPONENTS OF THE UNITY PHYSICS ENGINE

To EFFECTIVELY UTILIZE THE UNITY PHYSICS ENGINE, IT'S ESSENTIAL TO GRASP ITS FUNDAMENTAL BUILDING BLOCKS. THESE
COMPONENTS ARE WHAT GIVE YOUR GAME OBJECTS THEIR PHYSICAL PRESENCE AND DEFINE HOW THEY INTERACT. W/ ITHOUT
THESE, YOUR OBJECTS WOULD SIMPLY EXIST IN SPACE WITHOUT ANY SENSE OF CONSEQUENCE OR INTERACTION.

RicipBoDIES; THE HEARTBEAT OF PHYSICS SIMULATION

THE RIGIDBODY COMPONENT IS THE CORNERSTONE OF ANY OBJECT THAT NEEDS TO PARTICIPATE IN PHYSICS SIMULATIONS
WITHIN UNITY. W/HEN YOU ATTACH A RIGIDBODY TO A GAMEOBJECT, YOU ARE ESSENTIALLY TELLING UNITY THAT THIS OBJECT
SHOULD BE GOVERNED BY THE LAWS OF PHYSICS. THIS MEANS IT WILL BE AFFECTED BY FORCES LIKE GRAVITY, EXPLOSIONS, AND
PLAYER INPUT, AND IT WILL BE ABLE TO COLLIDE WITH AND INFLUENCE OTHER RIGIDBODY-ENABLED OBJECTS. WITHOUT A
RIGIDBODY, AN OBJECT IS STATIC AND UNAFFECTED BY PHYSICS. IT'S LIKE GIVING AN OBJECT A SOUL THAT CAN FEEL AND REACT
TO THE PHYSICAL \WORLD.

KEY PROPERTIES OF A RIGIDBODY INCLUDE MASS, DRAG, ANGULAR DRAG, AND CONSTRAINTS. MASS DETERMINES HOW MUCH
FORCE IS REQUIRED TO MOVE AN OBJECT AND HOW IT REACTS TO COLLISIONS; A HEAVIER OBJECT WILL BE HARDER TO PUSH AND
WILL IMPART MORE FORCE ON IMPACT. DRAG SLOWS DOWN LINEAR MOVEMENT, WHILE ANGULAR DRAG SLOWS DOWN
ROTATIONAL MOVEMENT, SIMULATING AIR RESISTANCE. CONSTRAINTS ALLOW YOU TO FREEZE CERTAIN DEGREES OF FREEDOM,
PREVENTING AN OBJECT FROM MOVING OR ROTATING ALONG SPECIFIC AXES, WHICH CAN BE INCREDIBLY USEFUL FOR CREATING
STATIC BUT PHYSICALLY SIMULATED ELEMENTS LIKE A LOCKED DOOR OR A ROLLING BARREL THAT CAN ONLY SPIN ON ITS AXIS.

CoLLIDERS: DEFINING THE BOUNDARIES OF INTERACTION

W/HILE RIGIDBODIES GIVE OBJECTS THE ABILITY TO BEHAVE PHYSICALLY, COLLIDERS ARE WHAT DEFINE THEIR SHAPE AND
BOUNDARIES FOR THE PURPOSE OF COLLISION DETECTION. A COLLIDER COMPONENT ESSENTIALLY CREATES A GEOMETRIC
REPRESENTATION OF AN OBJECTIS PHYSICAL FORM. WHEN TwoO COLLIDERS OVERLAP, UNITY’S PHYSICS ENGINE DETECTS THIS AS



A COLLISION, TRIGGERING CORRESPONDING EVENTS. IT°S CRUCIAL TO REMEMBER THAT A COLLIDER DOES NOT NEED TO PERFECTLY
MATCH THE VISUAL MESH OF YOUR GAMEOBJECT; OFTEN, SIMPLER COLLIDERS ARE USED FOR PERFORMANCE REASONS.

UNITY PROVIDES A VARIETY OF PRIMITIVE COLLIDER SHAPES, INCLUDING!:

e Box COLLIDER: A SIMPLE RECTANGULAR PRISM.

SPHERE COLLIDER: A PERFECT SPHERE.

CAPSULE COLLIDER: A CYLINDER WITH HEMISPHERICAL CAPS, OFTEN USED FOR CHARACTERS.

MesH COLLIDER: ALLOWS YOU TO USE THE OBJECTIS ACTUAL MESH AS THE COLLIDER. THIS IS POWERFUL FOR COMPLEX
SHAPES BUT CAN BE COMPUTATIONALLY EXPENSIVE.

YOU CAN ALSO COMBINE MULTIPLE PRIMITIVE COLLIDERS TO CREATE MORE COMPLEX SHAPES THAT APPROXIMATE YOUR
OBJECT’S VISUAL FORM WITHOUT THE PERFORMANCE OVERHEAD OF A FULL MeESH CoLLIDER. FOR EXAMPLE, A CHARACTER MIGHT
USE A CAPSULE COLLIDER FOR THE MAIN BODY AND SMALLER SPHERE COLLIDERS FOR THE HANDS AND FEET.

PHYSICS MATERIALS: FINE-TUNING SURFACE PROPERTIES

PHYSICS MATERIALS ARE ASSETS IN UNITY THAT ALLOW YOU TO DEFINE THE PHYSICAL PROPERTIES OF SURFACES, SUCH AS
FRICTION AND BOUNCINESS. WHEN A COLLIDER HAS A PHYSICS MATERIAL ASSIGNED TO IT, ITS INTERACTIONS WITH OTHER
COLLIDERS WILL BE MODIFIED ACCORDING TO THE MATERIAL'S SETTINGS. THIS IS HOW YOU CAN MAKE A BOUNCY BALL
ACTUALLY BOUNCE, OR MAKE A SURFACE INCREDIBLY SLIPPERY.

THE TWO MAIN PROPERTIES OF A PHYSICS MATERIAL ARE:

® DYNAMIC FRICTION: THE FRICTION APPLIED WHEN OBJECTS ARE ALREADY SLIDING AGAINST EACH OTHER.

e STATIC FRICTION: THE FRICTION APPLIED WHEN OBJECTS ARE AT REST, PREVENTING THEM FROM STARTING TO SLIDE.

® BOUNCINESS: DETERMINES HOW MUCH ENERGY IS CONSERVED DURING A COLLISION. A BOUNCINESS OF O MEANS NO
BOUNCE, WHILE A BOUNCINESS OF 1 MEANS THE OBJECT WILL REBOUND WITH THE SAME VELOCITY IT IMPACTED WITH

(THOUGH IN REALITY, SOME ENERGY IS ALWAYS LOST).

e FricTIoN COMBINE: HOW FRICTION IS CALCULATED WHEN TWO DIFFERENT MATERIALS INTERACT (AVERAGE, MINIMUM,
MAXIMUM, MULTIPLY).

* Bounce CoMBINE: HOW BOUNCINESS IS CALCULATED WHEN TWO DIFFERENT MATERIALS INTERACT (AVERAGE, MINIMUM,
MAXIMUM, MULTIPLY).

BY EXPERIMENTING WITH DIFFERENT PHYSICS MATERIALS/ YOU CAN CREATE A \WIDE RANGE OF TACTILE FEEDBACK AND GAMEPLAY
INTERACTIONS. IMAGINE A GAME WHERE PLAYERS SLIDE ON ICY SURFACES, STICK TO STICKY WALLS, OR LAUNCH THEMSELVES
OFF TRAMPOLINES — ALL OF THIS IS MADE POSSIBLE THROUGH CAREFULLY CRAFTED PHYSICS MATERIALS.

FORCES AND TORQUES: DrRIVING OBJECT MOTION

ONCE YOUR GAMEOBJECTS HAVE RIGIDBODIES AND COLLIDERS, YOU’LL WANT TO MAKE THEM MOVE AND INTERACT IN DYNAMIC



WAYS. THIS IS WHERE FORCES AND TORQUES COME INTO PLAY. THESE ARE THE FUNDAMENTAL WAYS YOU CAN INFLUENCE A
RIGIDBODY'S MOTION THROUGH SCRIPTING.

A FORCE IS A PUSH OR PULL THAT AFFECTS AN OB_JECT,S LINEAR VELOCITY. YOU CAN APPLY FORCES IN VARIOUS WAYS USING
METHODS ON THE RIGIDBODY COMPONENT, SUCH AS:

® ADDFORCE: APPLIES A CONTINUOUS FORCE TO THE RIGIDBODY.
* ADDEXPLOSIONFORCE: APPLIES A FORCE RADIATING OUTWARDS FROM A POINT, SIMULATING AN EXPLOSION.

® ADDFORCEATPOSITION: APPLIES A FORCE AT A SPECIFIC POINT ON THE RIGIDBODY, WHICH CAN ALSO INDUCE
ROTATION.

A TORQUE, ON THE OTHER HAND, IS A ROTATIONAL FORCE. |T CAUSES AN OBJECT TO ROTATE AROUND ITS CENTER OF MASS.
YOU CAN APPLY TORQUES USING METHODS LIKE:

* ADDTORQUE: APPLIES A CONTINUOUS TORQUE TO THE RIGIDBODY.

® ADDRELATIVET ORQUE: APPLIES A TORQUE IN THE RIGIDBODY'S LOCAL COORDINATE SPACE.

UNDERSTANDING HOW TO APPLY THESE CORRECTLY IS KEY TO CREATING REALISTIC MOVEMENT. FOR INSTANCE, APPLYING A
CONTINUOUS FORCE MIGHT SIMULATE A JETPACK, WHILE A SUDDEN IMPULSE FORCE COULD REPRESENT A BULLET IMPACT.
SIMILARLY, APPLYING TORQUE CAN MAKE WHEELS SPIN OR DOORS CREAK OPEN.

CoLLIisioN DeTECTION: THE ART OF INTERACTION

COLLISION DETECTION IS THE PROCESS BY WHICH THE PHYSICS ENGINE DETERMINES WHEN TWO OR MORE COLLIDERS OCCUPY THE
SAME SPACE. WHEN A COLLISION IS DETECTED, UNITY TRIGGERS A SERIES OF EVENTS THAT YOU CAN HOOK INTO VIA SCRIPTING.
THIS IS THE MECHANISM THAT ALLOWS OBJECTS TO REACT TO EACH OTHER — TO BOUNCE, TO BREAK, TO TRIGGER OTHER
EVENTS.

THERE ARE TWO MAIN TYPES OF COLLISION EVENTS:
o ONCOLLISIONENTER: CALLED WHEN THIS COLLIDER/RIGIDBODY HAS BEGUN TOUCHING ANOTHER RIGIDBODY/COLLIDER.
e ONCoLLISIONSTAY: CALLED ONCE PER FRAME FOR EVERY COLLIDER/EIGIDBODY THAT IS TOUCHING RIGIDBODY/COLLIDER.

e ONCoLLISIONEXIT: CALLED WHEN THIS COLLIDER/RIGIDBODY HAS STOPPED TOUCHING ANOTHER RIGIDBODY/COLLIDER‘

IN ADDITION TO THESE, THERE ARE TRIGGER EVENTS!

o ONTRIGGERENTER: CALLED WHEN THE FIRST COLLIDER ENTERS THE TRIGGER.
e ONTRIGGERSTAY: CALLED ONCE PER FRAME FOR EVERY COLLIDER THAT IS INSIDE THE TRIGGER.

o ONTRIGGEREXIT: CALLED WHEN THE FIRST COLLIDER HAS STOPPED TOUCHING THE TRIGGER.



TRIGGERS ARE ESSENTIALLY COLLIDERS MARKED AS “IS TRIGGER.” THEY DETECT WHEN OTHER COLLIDERS ENTER OR EXIT THEIR
VOLUME BUT DO NOT CAUSE A PHYSICAL RESPONSE LIKE BOUNCING. THIS IS PERFECT FOR THINGS LIKE DETECTION ZONES,
INVISIBLE WALLS, OR AREAS THAT TRIGGER A CUTSCENE. CHOOSING BETWEEN A REGULAR COLLISION AND A TRIGGER IS A
FUNDAMENTAL DECISION BASED ON WHETHER YOU NEED A PHYSICAL INTERACTION OR JUST A DETECTION EVENT.

PHYSICS LAYERS: MANAGING COMPLEX INTERACTIONS

AS YOUR GAME PROJECTS GROW IN COMPLEXITY, MANAGING HOW DIFFERENT TYPES OF OBJECTS INTERACT WITH EACH OTHER
CAN BECOME CHALLENGING. THIS IS WHERE PHYSICS LAYERS COME INTO PLAY. PHYSICS LAYERS ALLOW YOU TO DEFINE WHICH
LAYERS OF OBJECTS CAN COLLIDE WITH WHICH OTHER LAYERS. THIS IS INCREDIBLY POWERFUL FOR OPTIMIZING PERFORMANCE
AND CREATING NUANCED INTERACTION RULES.

For EXAMPLE, YOU MIGHT HAVE A LAYER FOR YOUR PLAYER, A LAYER FOR ENEMIES, AND A LAYER FOR Ul ELEMENTS. You
COULD THEN CONFIGURE YOUR PHYSICS LAYER COLLISION MATRIX TO ENSURE THAT THE PLAYER LAYER ONLY COLLIDES WITH
THE ENVIRONMENT AND ENEMY LAYERS, BUT NOT WITH THE Ul LAYER. THIS PREVENTS UNNECESSARY COLLISION CHECKS AND
KEEPS YOUR PHYSICS SIMULATION RUNNING SMOOTHLY. YOU CAN ALSO USE LAYERS TO CONTROL HOW FORCES ARE APPLIED OR
HOW RAYCASTS INTERACT WITH THE SCENE.

PerRFORMANCE OPTIMIZATION FOR UNITY PHYSICS

THE UNITY PHYSICS ENGINE, WHILE POWERFUL, CAN ALSO BE A SIGNIFICANT SOURCE OF PERFORMANCE BOTTLENECKS IF NOT
USED CAREFULLY. EVERY PHYSICS CALCULATION, EVERY COLLISION CHECK, CONSUMES CPU RESOURCES. THEREFORE, OPTIMIZING
YOUR PHYSICS SETUP IS CRUCIAL FOR ENSURING YOUR GAME RUNS SMOOTHLY , ESPECIALLY ON LESS POWERFUL HARDW ARE OR
WHEN YOU HAVE MANY DYNAMIC OBJECTS.

UNDERSTANDING PHYSICS SIMULATION CosTs

THE PRIMARY COST OF PHYSICS SIMULATION COMES FROM SEVERAL FACTORS:

NUMBER OF RIGIDBODIES: EACH RIGIDBODY REQUIRES PROCESSING.

o CoMPLEXITY OF COLLIDERS: MORE COMPLEX COLLIDERS, ESPECIALLY MEsH COLLIDERS, ARE MORE EXPENSIVE TO CHECK
FOR COLLISIONS.

NuMBerR OF COLLISIONS: THE MORE OBJECTS THAT ARE COLLIDING OR ATTEMPTING TO COLLIDE, THE MORE WORK THE
ENGINE HAS TO DO.

PHysics UPDATE RATE: A HIGHER PHYSICS UPDATE RATE (FIXED TIMESTEP) MEANS MORE CALCULATIONS PER SECOND.

[T’S IMPORTANT TO BE MINDFUL OF THESE COSTS AND ONLY ENABLE PHYSICS ON OBJECTS THAT TRULY NEED IT. DoN'T ATTACH
A RIGIDBODY TO A STATIC PIECE OF SCENERY UNLESS ABSOLUTELY NECESSARY.

STRATEGIES FOR EFFICIENT PHYSICS

HERE ARE SOME KEY STRATEGIES FOR OPTIMIZING UNITY PHYSICS:



Use PrIMITIVE COLLIDERS: W/ HERE POSSIBLE, OPT FOR Box, SPHERE, OR CAPSULE COLLIDERS OVER MESH COLLIDERS.
THEY ARE SIGNIFICANTLY FASTER TO PROCESS.

SiMPLIFY MEsH COLLIDERS: IF YOU MUST USE A MESH COLLIDER, CONSIDER CREATING A SIMPLIFIED CONVEX MESH
SPECIFICALLY FOR PHYSICS RATHER THAN USING THE HIGH-POLYGON VISUAL MESH.

LiMiT THE NUMBER OF MOVING RIGIDBODIES: IF AN OBJECT IS STATIC BUT NEEDS TO BE DETECTED BY PHYSICS (E.G., A
PLATFORM), CONSIDER DISABLING ITS RIGIDBODY WHEN IT'S NOT MOVING OR USING A STATIC COLLIDER.

OpTIMiZE CoLLIsION DeTECTION: USE PHYSICS LAYERS TO PREVENT UNNECESSARY COLLISION CHECKS BETWEEN
UNRELATED OBJECTS.

ADJUST THE FIXED TIMESTEP: THE FixeD TIMESTEP (FOUND IN PROJECT SETTINGS > TIME) DETERMINES HOW OFTEN
PHYSICS CALCULATIONS ARE PERFORMED. DECREASING THIS VALUE (E.G., FRoM 0.02 To 0.03) can rebuce THe CPU
LOAD, BUT MIGHT MAKE PHYSICS FEEL LESS SMOOTH OR RESPONSIVE. INCREASING IT CAN IMPROVE SMOOTHNESS BUT AT
A HIGHER PERFORMANCE COST. EXPERIMENT TO FIND A BALANCE.

CACHE RIGIDBODY REFERENCES: IN SCRIPTS, GET REFERENCES TO RIGIDBODIES ONCE (E.G., IN START()) RATHER THAN
CALLING GETCoMPONENT() REPEATEDLY IN UPDATE().

SLEEP MANAGEMENT: RIGIDBODIES THAT ARE NOT MOVING WILL AUTOMATICALLY GO TO “SLEEP” TO SAVE
PERFORMANCE. ENSURE YOUR PHYSICS SETUP DOESN'T PREVENT THIS FROM HAPPENING UNNECESSARILY.

BY IMPLEMENTING THESE TECHNIQUES, YOU CAN ENSURE YOUR PHYSICS-DRIVEN GAME REMAINS FLUID AND RESPONSIVE, PROVIDING
A BETTER EXPERIENCE FOR YOUR PLAYERS.

ADVANCED UNITY PHYSICS FEATURES

BEYOND THE FUNDAMENTAL RIGIDBODY AND COLLIDER COMPONENTS, UNITY’S PHYSICS ENGINE OFFERS A SUITE OF ADVANCED
FEATURES THAT UNLOCK A DEEPER LEVEL OF INTERACTION AND SIMULATION. THESE TOOLS ALLOW FOR MORE COMPLEX
MECHANICAL BEHAVIORS, PRECISE ENVIRONMENTAL INTERACTION, AND GREATER CONTROL OVER PHYSICS PROCESSES.

JoINTs: CONNECTING RIGIDBODIES

JOINTS ARE COMPONENTS THAT PHYSICALLY CONNECT TWO RIGIDBODIES TOGETHER, ALLOWING THEM TO INTERACT IN SPECIFIC,
CONSTRAINED WAYS. THEY ARE ESSENTIAL FOR CREATING REALISTIC MECHANICAL SYSTEMS, RAGDOLLS, AND VARIOUS
CONTRAPTIONS.

HINGE JOINT: SIMULATES A DOOR HINGE, ALLOWING ROTATION AROUND A SINGLE AXIS.
SPRING JOINT: CONNECTS TWO RIGIDBODIES WITH A SPRING, ALLOWING THEM TO STRETCH AND COMPRESS.
Fixep JOINT: Locks Two RIGIDBODIES TOGETHER, AS IF THEY WERE ONE OBJECT.

CONFIGURABLEJOINTZ THE MOST VERSATILE JOINT, ALLOWING YOU TO DEFINE LIMITS AND DRIVE MOTION ALONG ALL SIX
DEGREES OF FREEDOM (THREE LINEAR, THREE ROTATIONAL).

CHARACTERJOINTZ USED FOR CREATING RAGDOLLS, ALLOWING FOR COMPLEX SKELETAL CONNECTIONS.

USING JOINTS EFFECTIVELY CAN LEAD TO INCREDIBLY DYNAMIC AND ENGAGING GAMEPLAY ELEMENTS, FROM SWINGING BRIDGES TO



COMPLEX CONTRAPTIONS THAT REACT REALISTICALLY TO FORCES.

RAYCASTING AND SPHERECASTING: PROBING THE PHYSICAL W ORLD

RAYCASTING AND SPHERECASTING ARE POWERFUL TOOLS FOR QUERYING THE PHYSICS SCENE. THEY ALLOW YOU TO “sHooT”
AN INVISIBLE LINE OR SPHERE OUT FROM A POINT AND DETECT WHAT IT HITS.

® RAYCAST: SHOOTS A SINGLE RAY AND RETURNS INFORMATION ABOUT THE FIRST COLLIDER IT HITS. THIS IS IDEAL FOR
DETECTING LINE-OF~SIGHT, PERFORMING HIT SCANS FOR SHOOTING, OR CHECKING FOR GROUND BENEATH A CHARACTER.

® SPHERECAST: SHOOTS A SPHERE ALONG A PATH. THIS IS USEFUL FOR DETECTING COLLISIONS WITH A SLIGHTLY LARGER
AREA THAN A RAY, WHICH CAN BE MORE ROBUST FOR CERTAIN INTERACTIONS LIKE CHARACTER MOVEMENT OVER UNEVEN
TERRAIN.

THESE FUNCTIONS ARE TYPICALLY USED IN SCRIPTS TO GATHER INFORMATION ABOUT THE ENVIRONMENT, SUCH AS WHAT AN
OBJECT IS LOOKING AT, OR IF THERE'S AN OBSTACLE IN A SPECIFIC PATH. THEY ARE FUNDAMENTAL FOR IMPLEMENTING MANY
PLAYER ABILITIES AND Al BEHAVIORS.

ScrIPTING PHYsICS: DIRecT CoNTROL AND CUSTOMIZATION

W/HILE UNITY’S PHYSICS ENGINE HANDLES MUCH OF THE SIMULATION AUTOMATICALLY, YOU OFTEN NEED TO EXERT MORE DIRECT
CONTROL THROUGH SCRIPTING. THIS CAN INVOLVE:

APPLYING CUSTOM FORCES AND TORQUES BASED ON GAME LOGIC.

® MANIPULATING RIGIDBODY PROPERTIES LIKE VELOCITY AND ANGULAR VELOCITY DIRECTLY.
® RESPONDING TO COLLISION AND TRIGGER EVENTS TO IMPLEMENT GAME-SPECIFIC REACTIONS.
® USING PHYSICS QUERIES LIKE RAYCAST AND SPHERECAST TO INFORM GAME MECHANICS.

o EVEN IMPLEMENTING CUSTOM PHYSICS SIMULATIONS IF UNITY’S BUILT-IN ENGINE DOESN'T QUITE MEET YOUR NEEDS
(THOUGH THIS IS A COMPLEX UNDERT AKING).

THE ABILITY TO SCRIPT PHYSICS ALLOWS YOU TO GO BEYOND GENERIC SIMULATION AND CRAFT UNIQUE, EMERGENT BEHAVIORS
THAT DEFINE YOUR GAME'S IDENTITY. |T°S WHERE THE RAW POWER OF THE PHYSICS ENGINE IS TRANSLATED INTO MEANINGFUL
GAMEPLAY.

LEVERAGING THE UNITY PHYSICS ENGINE FOR GAMEPLAY

THE UNITY PHYSICS ENGINE IS NOT JUST ABOUT MAKING THINGS FALL REALISTICALLY, IT’S A DYNAMIC TOOL THAT CAN BE THE
VERY FOUNDATION OF YOUR GAMEPLAY MECHANICS. THINK ABOUT IT: HOW MANY GAMES RELY ON OBJECTS COLLIDING,
STACKING, OR REACTING TO EXTERNAL FORCES? THE POSSIBILITIES ARE NEARLY ENDLESS.

For EXAMPLE, YOU CAN USE PHYSICS TO CREATE!:



o PuzzLeE GAMES: IMAGINE GAMES WHERE PLAYERS MUST STRATEGICALLY PLACE OBJECTS TO CREATE PATHS, TRIGGER
MECHANISMS, OR BALANCE STRUCTURES. THE INHERENT UNPREDICTABILITY AND REALISM OF PHYSICS SIMULATION CAN
LEAD TO EMERGENT PUZZLE SOLUTIONS.

o AcTIoN GAMES: REALISTIC PROJECTILE TRAJECTORIES, EXPLOSIVE IMPACTS, AND CHARACTER RAGDOLLS ADD VISCERAL
FEEDBACK AND A SENSE OF IMPACT TO COMBAT. KNOCKING ENEMIES OFF LEDGES OR CAUSING THEM TO STUMBLE THROUGH
ENVIRONMENTAL HAZARDS BECOMES A SATISFYING MECHANIC.

® PLATFORMERS: W/HILE MANY PLATFORMERS USE CHARACTER CONTROLLERS THAT BYPASS FULL PHYSICS, SOME GAMES
LEVERAGE PHYSICS FOR INTERESTING MOVEMENT CHALLENGES, LIKE BOUNCING OFF OF MOVING PLATFORMS OR NAVIGATING
DYNAMIC ENVIRONMENTS.

¢ VEHICLE SIMULATIONS: FROM RACING GAMES TO FLIGHT SIMULATORS, ACCURATE PHYSICS ARE PARAMOUNT FOR
CREATING A BELIEVABLE DRIVING OR FLYING EXPERIENCE.

o DESTRUCTIBLE ENVIRONMENTS: PHYSICS CAN BE USED TO MAKE OBJECTS BREAK APART CONVINCINGLY WHEN HIT, ADDING
A LAYER OF REALISM AND TACTICAL DEPTH.

THE KEY IS TO THINK CREATIVELY ABOUT HOW THE BEHAVIOR OF PHYSICAL OBJECTS CAN TRANSLATE INTO ENGAGING PLAYER
INTERACTIONS AND CHALLENGES. BY UNDERSTANDING THE CORE COMPONENTS AND ADVANCED FEATURES OF THE UNITY PHYSICS
ENGINE, YOU CAN GO FROM SIMPLY MAKING THINGS FALL TO CRAFTING ENTIRELY NEW AND EXCITING GAMEPLAY EXPERIENCES THAT
PLAYERS WILL REMEMBER.

Q: WHAT IS THE PRIMARY DIFFERENCE BETWEEN A RIGIDBODY AND A COLLIDER IN
UNITY?

A: A RIGIDBODY COMPONENT GIVES A GAMEORJECT THE ABILITY TO BE AFFECTED BY PHYSICS FORCES, GRAVITY, AND
COLLISIONS, MAKING IT DYNAMIC. A COLLIDER COMPONENT, ON THE OTHER HAND, DEFINES THE PHYSICAL SHAPE AND BOUNDARIES
OF A GAMEOBJECT, ALLOWING IT TO DETECT AND RESPOND TO COLLISIONS WITH OTHER COLLIDERS. ESSENTIALLY, RIGIDBODIES
MAKE OBJECTS ACT PHYSICALLY, WHILE COLLIDERS DEFINE WHERE THEY ARE AND WHAT SHAPE THEY ARE FOR PHYSICAL
INTERACTION.

Q: WHEN sHouLD | Use A MesH COLLIDER VERSUS A PRIMITIVE COLLIDER (BoX,
SpHERE, CAPSULE) IN UNITY?

A: PRIMITIVE COLLIDERS ARE GENERALLY PREFERRED DUE TO THEIR SUPERIOR PERFORMANCE. Y OU SHOULD USE A MeSH COLLIDER
WHEN THE SHAPE OF YOUR OBJECT IS TOO COMPLEX TO BE ACCURATELY REPRESENTED BY PRIMITIVES, AND WHEN PRECISE
COLLISION WITH THE OBJECT’S ACTUAL MESH IS CRITICAL. HO\WEVER, ALWAYS CONSIDER CREATING A SIMPLIFIED CONVEX MESH
FOR PHYSICS PURPOSES RATHER THAN USING THE VISUAL MESH DIRECTLY, AS THIS CAN SIGNIFICANTLY IMPROVE PERFORMANCE.

Q: How poEes THe ‘Is TRIGGER' cHECKkBOX ON A COLLIDER AFFECT ITS BEHAVIOR?

A: WHEN THE ‘IS TRIGGER" CHECKBOX IS ENABLED ON A COLLIDER, IT MEANS THAT THE COLLIDER WILL DETECT WHEN OTHER
COLLIDERS ENTER OR EXIT ITS VOLUME BUT WILL NOT PRODUCE A PHYSICAL RESPONSE (LIKE BOUNCING OR PUSHING). INSTEAD,
IT SENDS TRIGGER EVENTS (ONTRIGGERENTER, ONTRIGGERSTAY, ONTRIGGEREXIT) THAT YOU CAN HANDLE IN SCRIPTS. THIS IS
IDEAL FOR DETECTING ZONES OR AREAS OF INTEREST WITHOUT CREATING PHYSICAL OBSTRUCTION.



Q: WHAT IS THE PURPOSE OF PHYSICS LAYERS AND THE LAYER COLLISION MATRIX IN
UNITY?

A: PHYSICS LAYERS ALLOW YOU TO CATEGORIZE YOUR GAMEOBJECTS INTO DIFFERENT GROUPS. THE LAYER COLLISION
MATRIX THEN LETS YOU DEFINE WHICH LAYERS CAN INTERACT WITH OR COLLIDE WITH WHICH OTHER LAYERS. THIS IS CRUCIAL
FOR OPTIMIZING PERFORMANCE BY PREVENTING UNNECESSARY COLLISION CHECKS BETWEEN OBJECTS THAT SHOULD NEVER
INTERACT, AND FOR CREATING SPECIFIC INTERACTION RULES WITHIN YOUR GAME.

Q: How cAN | MAKE OBJECTS IN UNITY STICK TOGETHER OR CONNECT THEM IN SPECIFIC
WAYS USING PHYSICS?

A: YOU CAN CONNECT RIGIDBODIES TOGETHER USING UNITY'S VARIOUS JOINT COMPONENTS. FOR EXAMPLE, A FIXED JOINT CAN
MAKE TWO OBJECTS ACT AS ONE, A HINGE JOINT CAN SIMULATE A PIVOT POINT LIKE A DOOR, AND A SPRING JOINT CAN CREATE
A FLEXIBLE CONNECTION. THESE JOINTS ALLOW FOR COMPLEX MECHANICAL BEHAVIORS AND INTERACTIONS BETWEEN CONNECTED
PHYSICAL OBJECTS.

Q: IS IT POSSIBLE TO HAVE AN OBJECT THAT IS VISUALLY SIMULATED BY PHYSICS BUT
DOESN'T MOVE, OR VICE VERSA, IN UNITY?

A: YES, YOU CAN ACHIEVE THIS. AN OBJECT CAN HAVE A COLLIDER AND A PHYSICS MATERIAL TO DETECT COLLISIONS AND
RESPOND TO FORCES APPLIED BY OTHER PHYSICS OBJECTS, BUT WITHOUT A RIGIDBODY, IT WILL REMAIN STATIC. CONVERSELY/
AN OBJECT CAN HAVE A RIGIDBODY AND MOVE VIA SCRIPT (E.G., BY DIRECTLY MANIPULATING ITS TRANSFORM OR VELOCITY),
BUT IF IT LACKS A COLLIDER, IT WON'T BE ABLE TO INTERACT PHYSICALLY WITH THE ENVIRONMENT OR OTHER OBJECTS.

Q: WHAT I1s THE ‘Fixep TIMESTEP’ SETTING IN UNITY, AND HOW DOES IT IMPACT
PHYSICS?

A: THE FIXeD TIMESTEP SETTING IN UNITY’S TIME SETTINGS DETERMINES HOW OFTEN PHYSICS CALCULATIONS ARE PERFORMED
PER SECOND. A LOWER VALUE MEANS MORE FREQUENT, SMOOTHER PHYSICS UPDATES BUT HIGHER CPU UsAGE. A HIGHER VALUE
MEANS LESS FREQUENT, POTENTIALLY CHOPPIER PHYSICS UPDATES BUT LOWER CPU USAGE. IT's A CRITICAL SETTING FOR
BALANCING VISUAL FIDELITY AND PERFORMANCE IN PHYSICS-DRIVEN GAMES.

Q: How CAN | DETECT IF AN OBJECT IS ON THE GROUND USING UNITY'S PHYSICS?

A: THE MOST COMMON METHOD IS TO USE PHYSICS.RAYCAST OR PHYSICS.SPHERECAST FROM THE BOTTOM OF YOUR
CHARACTER OR OBJECT DOWNWARDS. IF THE RAY OR SPHERECAST HITS A COLLIDER ON THE GROUND LAYER, YOU KNOW THE
OBJECT IS GROUNDED. YOU CAN ALSO USE ONCOLLISIONENTER/STAY AND CHECK THE NORMAL OF THE COLLISION POINT TO
DETERMINE IF IT'S A SURFACE BENEATH THE OBJECT.
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