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A. Details of Evaluation Setup

Since our proposed technique of PhyT2V does not involve
any efforts of retraining the T2V model, in this section we
describe details about our evaluation setup of the LLM in-
ference for CoT and step-back reasoning.

In our evaluations, we use 4 T2V generation mod-
els, including CogVideoX-5B[5], CogVideoX-2B[5],
OpenSora[6] and VideoCrafter [1]. We choose to use these
models as they are all built with transformer based diffusion
model, which enhanced the semantic adherence by using
the cross attention mechanism, and hold a high score on
both the VideoPhy dataset and PhyGenBench dataset leader
board. We use Tarsier[3] as the video captioning model for
it achieves state of art on multiple video question answering
datasets, which ensure the precise and detail of the video
captioning step in our approach.

Since PhyT2V improves the quality of generated videos
through text prompt refinement, we use the Promptist[2]
and GPT-4o[4] as the prompt enhancers, with the same
model hyper-parameter setting for the baselines to maintain
the consistency between the baseline and our approach. The
diffusion model generated video length is setted as 6 second
and 8 frames per second with frame resolution 720 × 480.

To fit the maximum token input length of the T2V model,
we limit the word length of the refined prompts to 120, by
instructing the ChatGPT4 o1-preview model that is used as
the LLM for reasoning. To formatting the output and stor-
age in our approach, the ChatGPT4 o1-preview model are
instructed to output in JSON format and output results in
each step are saved in a CSV file by row. The ChatGPT4
o1-preview is called by using the API with the input prompt
separated into system prompt and user prompt to identify
the instruction part and the rest of the original prompt for
ChatGPT. The first and second step output is embedded to
the third step prompt template by replacing the pre-defined
place holder.

B. More Examples of Physics-Grounded
Videos Generated by PhyT2V

B.1. Examples of Generated Videos in Different
Categories of Physical Rules

In this subsection, we present the additional comparison ex-
amples of generated videos of CogVideo-5b on the Video-
Phy and PhyGenBench dataset, Fig 1, 2, 3 show the ad-
ditional comparison of video generation result on fluid to
fluid, solid to fluid, solid to solid cases on VideoPhy dataset,
Fig 4, 5, 6 show the additional comparison of video gener-
ation result on force, optics and thermal cases on PhyGen-
Bench dataset.

B.2. Refinement process details
In this subsection, we present the prompt refinement de-
tail by the CogVideo-5b with PhyT2V on the VideoPhy and
PhyGenBench dataset, Fig 9, 8, 7 show the prompt refine-
ment details of fluid to fluid, solid to fluid, solid to solid
cases on VideoPhy dataset, Fig 10, 11, 12 show prompt re-
finement details of force, optics and thermal cases on Phy-
GenBench dataset.

C. Ablation study details
C.1. Model size
We found that the PhyT2V approach can unleashing more
power of physical-grounded video generation on a larger
model as the result shown by comparing the CogVideo-2b
and CogVideo-5b in Figure 13 .

C.2. Prompt template component
In this section some part of the prompt template compo-
nent is removed to show the necessity of the corresponding
components as shown in Figure14, 15, 16. Without the role
indicator sentence, the generated output content is lake of
precise information, without the in-context examples, the
GPT can not generated the output in an expected format.

D. Failure cases
PhyT2V may be ineffective in two categories of cases.
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First, many T2V models exhibit temporal flickering or
inconsistent object trajectories, due to absence of long-term
temporal coherence mechanisms in model design. Even if
prompts are refined to emphasize smooth temporal transi-
tions or continuous motions, these requirements may not be
achieved due to model’s limitations.

Second, T2V models are typically trained on large
datasets, which often lack samples of rare or complex phys-
ical phenomena. Hence, these models struggle in scenarios
that are underrepresented in the training data. Even with
highly specific prompts, the T2V models may still fail to
extrapolate effectively to these underrepresented cases.

For some specific generation content categories, we
found that even with the PhyT2V refined several rounds,
the diffusion model still failed to precisely generating hu-
man body, especially on human hands as shown in Figure
17.
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Egg whites folding into cake batter Pouring milk into boiling tea Cream combining into warm soup

Water mixes with colourful fabric dye Wind driving rain against windows Coffee accepting a gentle pour of milk

Cream swirling into black coffee Juice melding into thick yogurt Cordial mixing with cold water
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Cream melting into hot chocolate Colored droplet forming in watercolor painting Bubbles ascend in carbonated soda

Cola merging with fresh lemonade Oil dropping onto motionless water Oil pooling atop tangy vinegar

Figure 1. Video generation example on fluid to fluid specific prompt in VideoPhy dataset
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A bucket scoops up sea water at the beach A paintbrush brushes a stroke of watercolour paint on canvas A sauce bottle drizzles ketchup onto a resh hotdog

A coin drops into a sparkling fountain A scooper drizzles melted chocolate onto a dessert A cotton cloth wipes away a coffee spill

A swimmer glides through the calm ocean waves An airplane zooms through a patch of fluffy clouds A rag wipes an oil stain off the kitchen countertop
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A brush dips into watercolor on a palette A French fry dipping into tangy ketchup

A mechanic pours oil onto a piece of sandpaperJuice being poured into a glass for quenching thirstA plastic spoon stirs a cup of hot cocoa

Juice spilling from a cup onto the floor A paint roller spreading fresh paint onto a wall Water flows oout from a towering dam

Ketchup squirting out of a sauce bottle onto a burger
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An aroma diffuser diffusing essential oil aroma into the air A surfer gracefully slides down a towering wave A paintbrush swipes across a canvas leaving streaks of paint

A leaf floats gently on a quiet pondAn apple submerging into a water A jug tips over pouring milk into a bowl of cereal

Figure 2. Video generation example on solid to fluid specific prompt in VideoPhy dataset
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Cork place mat laid on solid oak dining table Tearing paper with hands Rattan handle grasping to woven basket

Lid clangs against the potA chisel breaks the stone into smaller pieces Sweeping dust with a broom

Rubber basketball bounces off a rough concrete wall Marble rolls down a slanted wooden table Carbon knife carving into a piece of wood
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Rubber eraser rubs off pencil marks on paper Metal trash can crashes into wooden park bench Knife halves the apple

Pebble rocking in a tin can The jack crank raises the heavy car A snowball falls to the ground and splits apart

Bouncy ball rebounding off a rubber play mat Shoe squishes a bug Milk bottle carefully places on wobbly fridge shelf
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Knife slices the tomato Mitten blocking a flying snowball Iron steams the clothes

The hat flopping against his head in the wind A glove catching the fast-moving baseball Child slides down a plastic slide

Figure 3. Video generation example on solid to solid specific prompt in VideoPhy dataset
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A cup of water is slowly poured out in the space station A vibrant, elastic basketball is thrown forcefully towards the ground

A vibrant, elastic tennis ball is thrown forcefully towards the ground

A piece of white chalk  write on the rough, dark surface of a blackboard A blue marker is write on the smooth, white surface of a whiteboard

A piece of red crayon draw on the rough, white surface of a paper

Figure 4. Video generation example on force specific prompt in PhyGenBench dataset
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A ray of light is shining diagonally on a glass bottle in the dark A bird is flying over a calm and clear lake surface

A magnifying glass is gradually moving closer to the petals of a flower A clear plastic straw is slowly inserted into a glass of crystal-clear water

A beam of light passes through a crystal chandelier AA beam of light passes through a droplet of water

Figure 5. Video generation example on optics specific prompt in PhyGenBench
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A timelapse captures the transformation of a piece of ice as the 
temperature rises

A timelapse captures the transformation as water vapor in a humid 
environment comes into contact with a cool glass surface

A timelapse captures the transformation of soup in a saucepan as the 
temperature rapidly rises

A timelapse captures the transformation of naphthalene as it is 
exposed to gradually increasing temperature

A timelapse captures the transformation of camphor as it is exposed to 
gradually increasing temperature

A timelapse captures the transformation of arsenic trioxide as it is 
exposed to gradually increasing temperature

Figure 6. Video generation example on thermal specific prompt in PhyGenBench



OOriginal prompt: An apple falls and bounces on the hard ground.p p pp g

TThee keyy physicall lawss governingg thee apple'ss behaviourr includee Newton'ss Lawss off Motion,, thee Laww off Conservationn off Energy,, andd thee principles 
off partiallyy elasticc collisionss andd gravitationall acceleration.. 1.. Gravitationall Accelerationn (Newton'ss Secondd Laww off Motion):: Thee applee falls 
becausee itt iss actedd uponn byy thee forcee off gravity,, whichh causess itt too acceleratee towardss thee Earth'ss surface.. Accordingg too Newton'ss Secondd Law, 
thee forcee actingg onn thee applee equalss itss masss timess thee gravitationall accelerationn -- commonlyy aroundd 9.88 m/s²² onn planett Earth.. 2.. Collisionn with 
thee Groundd (Partiallyy Elasticc andd Inelasticc Collisions):: Uponn hittingg thee hardd ground,, aa collisionn occurs.. Thee apple'ss largelyy inelasticc nature 
meanss thatt aa largee portionn off itss energyy getss absorbedd inn thee formm off heatt andd soundd duringg collision,, causingg thee applee nott too bouncee high.. 3.. 
Conservationn off Energy:: Ass thee applee falls,, itt transformss potentiall energyy intoo kineticc energy,, withh itss velocityy increasingg continuouslyy until 
impact.. Afterr bouncing,, thee applee followss thee ruless off projectilee motionn inn gravity,, acceleratingg upwardss untill itt reachess aa pointt wheree kinetic 
energyy hass beenn entirelyy convertedd backk too potentiall energyy -- thee pointt off zeroo velocity.. Thee applee thenn startss fallingg again,, continuingg this 
processs butt withh eachh bouncee havingg lesss heightt duee too energyy lossess inn eachh collision.

Physical 
law:

Applee vs.. Applee Pieces:: Thee userr promptt describess ann intactt applee fallingg andd bouncingg onn thee ground.. However,, thee videoo captionn shows 
piecess off ann applee fallingg andd bouncing.. Thiss iss aa significantt differencee becausee thee behaviourr (includingg bouncingg dynamicss andd deformation) 
off ann intactt applee andd applee piecess uponn impactt wouldd bee expectedd too bee quitee different.. Groundd vs.. Woodenn Surface:: Thee userr prompt 
specifiess thee applee fallss andd bouncess onn 'hardd ground.'' Inn contrast,, thee videoo showss thee applee piecess fallingg andd bouncingg onn aa 'woodenn surface.'' 
Whilee wee cann assumee bothh aree 'hard,'' wee can'tt bee suree theyy havee thee samee hardness,, whichh mightt affectt thee bouncingg behaviour.. Deformation 
off Apple:: Accordingg too thee userr prompt,, ann intactt applee iss expectedd too falll andd bouncee withoutt significantt deformation.. However,, thee video 
captionn describess thee applee piecess beingg compressedd andd crushedd uponn impact.. Thiss levell off deformationn iss inconsistentt withh thee userr prompt 
descriptionn off aa singlee applee bouncing.

Mismatch:

AA ripe,, boldd redd apple,, defyingg itss tree'ss pull,, iss seenn inn mid-airr abovee aa rough,, hardd terrain.. Thee applee plummets,, obeyingg gravity'ss irresistible 
command.. Itss descentt accelerates,, andd itt nearss thee unforgivingg groundd withh increasingg speed.. Collisionn iss inevitable.. Uponn impact,, it 
momentarilyy squashes,, absorbingg aa portionn off itss kineticc energy,, beforee exhibitingg aa modestt upwardd recoil.. Thiss bouncingg trajectory,, though 
significantlyy lesss thann itss initiall fall,, iss agreedd uponn withh thee stringentt lawss off energyy conservation.. Withh eachh bounce,, itt ascendss lesser, 
painting a perfect illustration of energy transformation and loss amid the persistent pull of gravity.

Enhanced 
prompt:

Figure 7. Refinement detail example on solid to solid specific prompt in VideoPhy dataset



OOriginall prompt: A stone plunges into a fast--moving river, causing water to splash up.

TThee physicss principless too notee inn thiss systemm includee gravity,, buoyancy,, fluid resistance,, and displacement of waterr byy thee fallingg stone. 1.. 
Gravitationall Accelerationn (Newton'ss Secondd Laww off Motion):: Thee initiall movementt off thee stonee intoo thee riverr iss drivenn byy gravityy pullingg onn the 
stone'ss masss andd creatingg acceleration.. Thiss leadss too ann initiall downwardd motionn off thee stone.. 2.. Fluidd Resistance:: Ass thee stonee enterss the 
water,, itt experiencess fluidd resistancee whichh slowss downn itss descent.. Thiss fluidd resistancee iss proportionall too thee stone'ss velocityy throughh the 
waterr andd itss sizee andd shape.. 3.. Displacementt off Waterr (Archimedes'' Principle):: Ass thee stonee plungess intoo thee water,, itt displacess aa volume of 
waterr equall too itss ownn volume.. Accordingg too thee Archimedes'' Principle,, thee buoyantt forcee exertedd onn thee stonee iss equall too thee weightt off the 
waterr displacedd byy thee stone.. Thee downwardd motionn off thee stonee causess thee waterr too bee pushedd asidee andd thiss suddenn displacementt causess the 
waterr too splashh upwards.. 4.. Buoyancy:: Dependingg onn thee masss andd volumee off thee stone,, buoyancyy mayy playy aa rolee inn determiningg whetherr the 
stonee sinkss orr floats.. AA stonee generallyy sinkss becausee itss densityy iss greaterr thann thee water'ss density.. However,, iff itt iss porouss andd air-filled, it 
couldd potentiallyy float.. Thee buoyantt forcee workingg againstt gravityy wouldd determinee thee finall restingg positionn off thee stonee inn thee water.

Physical 
law:

Objectt Interactionn withh Water:: Thee userr promptt specifiess aa stonee 'plunging'' intoo aa fast-movingg river,, implyingg thatt thee stonee iss beingg dropped 
orr thrownn intoo thee waterr fromm ann externall source,, causingg aa splash.. However,, the videoo captionn portrayss aa differentt scenario,, wheree aa large 
rockk iss alreadyy partiallyy submergedd inn thee water,, aroundd whichh thee waterr flowss andd splashes.. Absencee off Splashingg Causedd byy Stone:: Inn line 
withh thee userr prompt'ss narrative,, thee stonee plungingg intoo thee waterr shouldd causee aa disturbancee inn thee water,, resultingg inn aa visiblee splash.. This 
cruciall detaill iss missingg inn thee videoo caption,, whichh onlyy mentionss thatt waterr splashess becausee itt encounterss ann obstaclee -- thee rockk -- whichh is 
alreadyy partiallyy submergedd inn it.. Staticc vss Dynamicc Positionn off thee Stone:: Thee user'ss promptt assumess thee stonee iss activelyy interactingg with 
thee riverr byy beingg droppedd intoo it.. It'ss aa dynamicc process.. Inn thee videoo caption,, onn thee otherr hand,, thee rockk iss static,, remainingg stationaryy in 
thee riverr whilee thee river’ss waterr flowss aroundd it.

Mismatch:

AA moderately-sizedd stonee abruptlyy dropss fromm thee frame'ss upperr edgee ontoo aa shimmering,, fast-moving,, andd vigorouss river,, causingg an 
impactfull plunge.. Ass itt piercess thee water'ss surface,, thee forcee causess aa dramaticc eruptionn off clear,, sparklingg dropletss too violentlyy splash 
upward.. Thee displacedd waterr rippless outt inn expandingg concentricc circles,, effectivelyy depictingg thee stone'ss powerfull intrusion.. Thee stone's 
downwardd trajectoryy continuess unwavering,, graduallyy obscuredd byy thee depthh andd swirlingg churnn off thee river.. Thee re-arrangedd waterr reforms 
itself,, concealingg thee stonee beneathh itss ever-moving,, turbulentt surface,, whilee thee resultingg splashess graduallyy falll back,, aa feww rebellious 
droplets catching the light before surrendering to the relentless flow of the river.

Enhanced 
prompt:

s catching the light before surr dering to the relentless flowrend f the river.w of
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Figure 8. Refinement detail example on solid to fluid specific prompt in VideoPhy dataset



OOriginal prompt: Pouring milk into boiling tea.

The milk being poured into boiling tea should primarily follow the Law of Conservation of Mass and Energy,, along with Thermodynamicss and 
principless off fluidd flow.. 1.. Conservationn off Mass:: Ass thee milkk iss pouredd intoo thee tea,, thee masss iss conserved.. Thiss impliess thatt thee totall masss of 
thee milkk andd teaa inn thee systemm remainss constantt duringg thee process.. 2.. Thermodynamicss (Heatt Transfer):: Duee too thee temperaturee difference 
betweenn thee milkk andd thee boilingg tea,, heatt willl bee transferredd fromm thee hotterr objectt (thee tea)) too thee coolerr onee (thee milk).. This heatt transfer 
continuess untill bothh fluidss reachh aa thermall equilibrium,, wheree theyy havee thee samee temperature.. Thiss processs illustratess thee Secondd Laww of 
Thermodynamics,, whichh statess thatt heatt willl alwayss movee too areass off lowerr temperaturee untill equilibriumm iss achieved.. 3.. Fluidd Mechanics:: The 
milkk beingg pouredd iss subjectedd too gravityy andd itt flowss viaa thee principless off fluidd dynamics,, includingg viscosityy andd pressure.. Ass perr Pascal’ss Law, 
pressuree appliedd too anyy partt off aa fluidd transmitss equallyy inn alll directions.. Hence,, thee milkk dispersess throughoutt thee tea.. 4.. Solubility:: Iff viewed 
att thee molecularr level,, thee milkk proteinss andd fatss willl dispersee inn thee teaa duee too thee naturall molecularr motionn andd interactionss leadingg too the 
eventuall homogeneouss mixturee off thee twoo liquids.. Thiss highlightss thee principlee off solubilityy andd spontaneouss mixingg duee too entropyy increase.

Physical 
law:

Thee userr promptt specifiess pouringg 'milkk intoo boilingg tea',, butt thee videoo captionn depictss 'milkk beingg pouredd intoo aa pott off simmeringg broth'.. The 
substancee intoo whichh thee milkk iss beingg pouredd doess nott matchh thee user'ss providedd prompt.. Incorrectt Physicall Phenomenon:: Thee videoo referss to 
buoyancy,, describingg thee milkk ass initiallyy floatingg becausee 'itt iss lesss densee thann thee broth'.. Thiss doesn'tt alignn withh thee real-lifee actionn of 
pouringg milkk intoo tea,, wheree thee milkk willl generallyy blendd withh thee teaa quicklyy ratherr thann floating.. Severityy off Heat:: 'Boilingg tea'' implies a 
higherr heatt levell thann 'simmeringg broth',, affectingg thee interactionn betweenn thee milkk andd thee teaa (orr broth)) att differentt heatt levels.. The 
mismatchh inn describingg temperaturee mightt leadd too differentt outcomess inn thee twoo scenarios.

Mismatch:

Inn aa stonewaree mugg filledd withh scalding,, steamingg tea,, cool,, smoothh milkk cascadess inn aa steadyy stream.. Ass thee densee whitee liquidd mergess with 
thee boiling,, amberr tea,, thee colorr beginss too shift,, transformingg intoo aa richer,, creamierr hue.. Gradually,, anyy initiall vestigess off divisionn fadee until 
thee fluidd becomess onee harmoniouss blend,, theirr temperaturess equalizingg inn thee warmthh off thee mug.. Thermodynamics,, fluidd dynamics,, and 
solubilityy principless aree brilliantlyy onn display,, illustratingg aa soothingg preparationn ritual.. Thee finall shott revealss thee comforting,, perfectly 
steeped tea, gently wafting a fragrant steam, ready to sip.

Enhanced 
prompt:

nal prompt: Pouring milk into boili
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steeped tea, gently waftfting a f grant steam, ready to sip.frag

Figure 9. Refinement detail example on fluid to fluid specific prompt in VideoPhy dataset



OOriginall prompt:: AA cup of water is slowly poured out in the space station.

WWhilee inn the space station,, the cup of water would be subject to several important physical laws including the Law of Conservationn off Mass, 
Newton’ss Lawss off Motion,, andd thee principlee off surfacee tension.. 1.. Laww off Conservationn off Mass:: Regardlesss off itss locationn inn space,, thee masss of 
thee waterr remainss thee same.. Whenn thee waterr iss pouredd outt fromm thee cup,, itt doesn'tt disappear;; ratherr itt distributess inn thee areaa aroundd it.. 2.. 
Newton'ss Lawss off Motion:: Inn zeroo gravityy environment,, actionss andd reactionss willl havee aa moree noticeablee impact.. Whenn waterr iss pouredd from 
thee cup,, thee actt off forcingg thee waterr outt wouldd alsoo pushh thee cupp inn thee oppositee direction.. Thiss reactionn iss dictatedd byy Newton'ss Thirdd Laww of 
Motion,, whichh statess thatt forr everyy action,, theree iss ann equall andd oppositee reaction.. 3.. Surfacee Tensionn && Formationn off Spheres:: Inn space, 
withoutt thee influencee off gravity,, liquidss naturallyy formm aa shapee thatt givess thee leastt surfacee area,, whichh iss aa sphere.. Thiss iss duee too thee cohesive 
forcess betweenn thee moleculess off thee liquidd (surfacee tension)) whichh pullss thee moleculess together,, thuss formingg aa sphere.. Thiss iss whyy whenn water 
iss releasedd intoo space,, itt formss globuless orr spheress thatt floatt aroundd ratherr thann spreadingg outt likee inn earth’ss gravity.. 4.. Laww off Conservationn of 
Momentum:: Iff thee waterr iss pouredd forcefullyy fromm thee cup,, thee summ off thee momentumm off thee cupp andd waterr beforee beingg pouredd (iff inn relative 
rest,, itt iss zero)) andd afterr beingg pouredd willl bee conserved.

Physical 
law:

Absencee off Zeroo Gravityy Condition:: Thee userr promptt describess aa cupp off waterr beingg pouredd outt inn thee spacee station,, whichh wouldd bee an 
environmentt withh negligiblee gravityy –– thee ‘zero-gravity’’ orr microgravityy environment.. Inn microgravity,, liquidss likee waterr formm intoo spherical 
dropss orr zz andd floatt inn placee ratherr thann producingg aa flowingg streamm downwards.. However,, thee videoo captionn describess thee waterr beingg poured 
fromm aa cupp inn aa wayy thatt wouldd onlyy happenn inn aa terrestriall settingg withh gravity:: formingg aa streamm andd fallingg downn withh deformationn duee to 
gravity.. Ignoringg thee Space-Stationn Setting:: Thee userr promptt specifiess thiss actionn too bee occurringg inn aa spacee station.. Inn contrast,, thee video 
captionn makess noo mentionn off thee spacee stationn andd erroneouslyy depictss aa possiblee laboratoryy settingg implyingg gravity.. Misrepresentationn of 
Fluidd Behaviorr inn Microgravity:: Ass theree iss virtuallyy noo gravityy inn thee spacee station,, thee waterr wouldd nott floww outt andd falll ass itt doess underr the 
influencee off gravity.. Itt wouldd floatt inn thee airr ass dropletss orr formm largerr blobss duee too cohesivee forces.. Hence,, thee video'ss depictionn off thee water 
formingg aa streamm andd fallingg duee too gravityy conflictss withh thee userr prompt'ss specification.

Mismatch:

Amidstt thee ethereall tranquilityy off aa spacee station,, aa cupp gracefullyy tilts,, graduallyy releasingg ann entrancingg displayy off water.. Unhinderedd by 
gravity,, thee waterr doess nott pourr butt emergess ass perfect,, shimmeringg spheres.. Bornn off cohesionn andd surfacee tension,, theyy formm aa mesmerizing 
constellationn expandingg fromm thee cup'ss mouth.. Thesee wateryy orbs,, imbuedd withh spectrall hues,, disembarkk fromm thee cupp andd peacefullyy floatt off 
inn thee surroundingg area,, embodyingg freedom,, echoingg thee whisperr off zeroo gravityy thatt holdss swayy here.. Eachh sphere,, aa miniaturee worldd to 
itself,, adriftt andd unhurried,, iss testamentt too thee complexitiess yett serenityy off lifee inn aa space-boundd microgravityy environment.

Enhanced 
prompt:
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Figure 10. Refinement detail example on force specific prompt in PhyGenBench dataset



OOriginall prompt:: AA bird is flying over a calm and clear lake surface, with the reflection of the bird appearing on the water surface.

TThee flightt of the bird obeys various physical principles,, notably Newton's Laws of Motion and the Law of Reflection while thee reflectionn obeys 
thee Laww off Reflectionn andd Refraction.. 1.. Birdd Flightt (Newton'ss Lawss off Motion,, Lift,, andd Dragg Force):: Threee lawss aree particularlyy relevant.. The 
firstt laww off motionn statess thatt ann objectt willl remainn att restt orr inn uniformm motionn unlesss actedd uponn byy ann externall force.. Therefore,, birdd must 
exertt aa forcee greaterr thann orr equall too itss weightt too maintainn altitudee andd speedd inn flight.. Thee thirdd laww off motionn statess thatt forr everyy action, 
theree iss ann equall andd oppositee reaction,, whichh meanss thatt ass aa birdd flapss itss wingss downward,, aa liftingg forcee iss generatedd thatt enabless thee bird 
too stayy airborne.. Lastly,, thee secondd laww off motion,, whichh statess thatt thee extentt off accelerationn dependss onn thee object'ss masss andd thee amountt of 
nett forcee exertedd onn it,, iss applicablee whenn thee birdd changess itss flightt speedd orr direction.. Additionally,, thee birdd mustt alsoo overcomee dragg and 
gravityy too maintainn forwardd momentum.. 2.. Reflectionn off Birdd (Laww off Reflection):: Thee lightt thatt enabless uss to seee thee bird'ss reflectionn comes 
fromm thee sun,, hittingg thee birdd andd thenn reflectingg offf thee lakee too ourr eyes.. Accordingg too thee Laww off Reflection,, thee anglee att whichh thee lightt hits 
thee birdd (thee anglee off incidence)) iss equall too thee anglee att whichh itt bouncess offf thee lake'ss surfacee (thee anglee off reflection).. 3.. Distortionn in 
Reflectionn (Refraction):: Thoughh nott explicitlyy stated,, wee cann inferr thatt anyy distortionss inn thee bird’ss reflectionn couldd bee duee too thee physical 
propertyy off waterr calledd refraction.. Lightt speedd changess whenn itt movess fromm thee airr too water,, causingg thee lightt too bendd andd hencee thee imagee to 
distort.

Physical 
law:

Positionn andd Motionn off thee Bird:: Thee userr promptt describess aa celestiall birdd sailingg acrosss aa tranquill lake,, creatingg aa movingg reflectionn onn the 
waterr surfacee ass itt modifiess itss flightt path.. However,, thee videoo captionn depictss aa birdd standingg stationaryy onn thee waterr surface,, flappingg its 
wingss butt nott flyingg orr sailing.. Reflectionn onn thee Waterr Surface:: Thee userr promptt referss too ann enchantingg doublee imagee off thee birdd andd its 
flightt reflectedd onn thee mirror-likee lake.. Onn thee contrary,, inn thee video,, thee reflectedd imagee correlatess onlyy too thee bird'ss stationaryy positionn and 
wingg movements.. Interplayy off Light:: Thee promptt speakss too aa captivatingg lightt play,, withh sunlightt glancingg offf thee bird'ss plumagee andd the 
water'ss surface.. Thiss aspectt iss completelyy unaddressedd inn thee videoo caption.. Effectss off Wind:: Thee userr promptt mentionss aa softt windd causing 
gentlee rippless onn thee water'ss surface,, distortingg thee bird'ss reflection.. Inn contrast,, thee rippless inn thee videoo captionn occurr solelyy duee too thee bird's 
wingg movement.. Physicss Misinterpretations:: Thee videoo captionn erroneouslyy attributess thee bird'ss abilityy too standd onn waterr too surfacee tension, 
whilee inn reality,, mostt birdss floatt onn waterr duee too theirr lightweightt bodiess andd waterprooff feathers.. Thee physicss lawss off surfacee tensionn aren't 
accuratelyy portrayed.

Mismatch:

AA celestiall bird,, featheredd inn iridescentt plumage,, effortlesslyy tracess aa majesticc pathh acrosss aa tranquill andd invitinglyy clearr lakee surface.. The 
birdd createss ann enchantingg doublee image,, reflectedd withh verisimilitudee onn thee mirror-likee water,, revealingg everyy intricacyy off itss sublimee flight.. 
Thee reflectionn off sunlightt glimmerss offf thee glossyy plumagee off thee birdd andd thee lustrouss waterr surface,, illuminatingg thee scenee withh a 
captivatingg interplayy off light.. Ass thee birdd bankss andd alterss itss trajectory,, thee mirroredd imagee dancess andd rippless withh eachh movement, 
distorting tenderly under the soft breeze that ruffles the serene lake's surface.
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Figure 11. Refinement detail example on optics specific prompt in PhyGenBench dataset



OOriginall prompt:: AA timelapse captures the transformation of arsenic trioxide as it is exposed to gradually increasing temperature.

TThee keyy physical lawss that arsenicc trioxidee obeyss inn thiss scenarioo aree primarilyy focused withinn thee realmss of thermodynamicss andd phase 
transition.. 1.. Heatt Transferr andd Thermodynamics:: Ass thee arsenicc trioxidee iss exposedd too increasingg temperature,, it'ss subjectt too thee principless of 
thermodynamics,, specificallyy thee firstt laww off thermodynamicss whichh essentiallyy statess thatt energyy cannott bee createdd orr destroyed,, butt only 
transformed.. Inn thiss case,, thee thermall energyy iss transferredd fromm thee surroundingg areaa too thee arsenicc trioxide,, causingg thee chemicall too heatt up.. 
2.. Phasee Transition:: Arsenicc trioxidee shouldd experiencee phasee transitionn underr sufficientt heat.. Thiss iss describedd byy thee phasee transitionn theory, 
aa subsett off thermodynamics.. Initially,, arsenicc trioxidee att roomm conditionss iss inn solidd form,, andd ass thee thermodynamicc equilibriumm changess with 
heating,, itt undergoess aa phasee transitionn process,, changingg fromm solidd too liquid,, andd eventuallyy too gas,, eachh phasee boundd byy aa certainn rangee of 
temperaturee andd pressure.. Thee transformationss aree nott instantaneouss butt happenn overr aa periodd off time,, therebyy cann bee capturedd inn aa time--
lapsee video.. 3.. Expansionn duee too Heating:: Thee arsenicc trioxidee mayy alsoo physicallyy expandd ass itt heats,, whichh iss explainedd byy thee principlee of 
thermall expansion.. Ass arsenicc trioxidee heatss up,, itss moleculess movee moree rapidly,, causingg thee substancee too expand.. However,, thiss mayy bee more 
apparentt inn largerr massess off matterr andd mayy nott showw significantt effectt inn aa smalll amountt off arsenicc trioxide.. 4.. Gass Laws:: Iff thee arsenic 
trioxidee reachess aa gaseouss state,, itt thenn followss thee gass laws,, includingg Charles’ss Laww andd Boyle'ss Law,, whichh describee thee relationships 
betweenn thee volume,, pressure,, andd temperaturee off gases.

Physical 
law:

Absencee off Transformationn andd Temperaturee Change:: Thee userr promptt askss forr aa videoo illustratingg thee changee inn arsenicc trioxidee when 
exposedd too aa graduallyy increasingg temperaturee startingg fromm roomm temperature.. Inn contrast,, thee videoo captionn describess aa staticc close-upp shot 
off arsenicc trioxidee without anyy transformationn orr interactionn withh aa varyingg temperaturee environment.. Misplacedd Emphasiss onn Camera 
Physics:: Thee promptt requestss aa physicss demonstrationn orr experimentt involvingg chemicall transformationn underr temperaturee changes.. 
However,, thee videoo captionn insteadd focusess onn thee physicss relatedd too thee camera'ss zoomm andd focus,, suchh ass lightt refractionn andd lens 
adjustments.. Thesee aspects,, althoughh theyy involvee physics,, aree completelyy unrelatedd too thee userr promptt regardingg thee thermochemical 
behaviorr off arsenicc trioxide,, indicatingg aa significantt mismatch.. Misinterpretationn off Userr Prompt:: Thee videoo captionn doess nott addresss the 
desiredd timelapsee showingg howw arsenicc trioxidee changess whenn thee temperaturee risess fromm roomm temperature.. Instead,, itt providess aa staticc shot 
off thee substancee withoutt transformationn orr interactionn withh temperaturee changes.. Thiss deviatess fromm thee user'ss request,, whichh involves 
observationn off physicall changess underr differentt thermall conditions.

Mismatch:

AA timelapsee illustratess thee transitionn off aa crystallinee lumpp off arsenicc trioxidee goingg throughh aa radiantt transformation.. Ass thee temperature 
graduallyy risess fromm roomm temperature,, capturedd byy aa subtlyy placedd thermometer,, thee seeminglyy motionlesss arsenicc trioxidee beginss too stir.. 
Initially,, microscopicc tremorss agitatee thee lumpp ass itt slowlyy warms,, andd increasinglyy visiblee motionss ensuee ass thee temperaturee risess further.. 
Solidd arsenicc oxidee soonn beginss too liquefy,, withh sparkless capturingg thee process.. Finally,, thee gass beginss too wispss upwards.. Thee entiree spectacle 
reflectss the grandeur of thermodynamics in action.

Enhanced 
prompt:
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Figure 12. Refinement detail example on thermal specific prompt in PhyGenBench dataset
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An apple falls and bounces on the hard ground

Tearing paper with hands

Rattan handle grasping onto woven basket

A skillfully thrown stone skims across the placid lake

A sauce bottle drizzles ketchup onto a fresh hotdog

A paintbrush brushes watercolour paint on canvas

Juice melding into thick yogurt

Chocolate melds richly into milk

Figure 13. Ablation study on model size



#### Instruction
You are a physics expert. Your task is to identify the main object in the 
given user prompt and provide the physical laws in reality the main object 
should obey with as much detail as possible in a descriptive way without 
giving formulas. Some in-context examples are provided for your 
reference, and you need to finish the current task. 

### In-context examples
User prompt: a rubber ball hits the ground and then bounces up
Main object: rubber ball, 
Physical law: The primary physical law that should be obeyed by the video 
is Newton's Law of Motion along with the Law of Conservation of Energy, 
particularly focusing on elastic collisions and gravitational acceleration. 1. 
Gravitational Acceleration (Newton's Second Law of Motion): As the 
rubber ball falls toward the ground, it is acted upon by the force of 
gravity. According to Newton's Second Law, the force acting on the ball is 
the product of its mass and the gravitational acceleration, typically 9.8 
m/s² near the surface of the Earth. 2. Collision with the Ground (Elastic 
and Inelastic Collisions): When the ball hits the ground, a collision occurs. 
In reality, rubber balls exhibit partially elastic behavior, meaning that 
some energy is lost to heat and deformation during the impact. This leads 
to a bounce with less energy than the initial fall, and the ball does not 
reach the original height from which it was dropped. 3. Conservation of 
Energy: As the ball falls, its potential energy is converted into kinetic 
energy, the velocity of the ball keeps increasing until the impact. Once the 
ball bounces back up, it follows the rules of projectile motion under 
gravity, accelerating upwards until the velocity reaches zero at its highest 
point, where all kinetic energy has been converted back to potential 
energy. The ball then begins its downward motion again, repeating the 
cycle but with diminishing height due to energy loss at each bounce.

### Current task
User prompt: An apple falls and bounces on the hard ground.
Let's think step by step.

Main object: apple

Physical law:
1. Gravitational Acceleration
As the apple falls, it is influenced by the force of gravity. Gravity pulls the apple downward, causing it to accelerate 
toward the Earth. The apple's acceleration due to gravity is constant near the Earth's surface, regardless of its mass. Its 
velocity increases steadily during free fall unless influenced by air resistance.
2. Air Resistance (Drag Force)
While the apple is falling, it encounters air resistance, a force opposing its motion. The magnitude of air resistance 
depends on the apple's shape, size, and speed, as well as the density of the air. If the apple falls from a sufficient height, 
it may reach terminal velocity—a constant speed where the downward force of gravity equals the upward drag force.
3. Impact with the Hard Ground
When the apple hits the ground, it undergoes a collision. This interaction is governed by:

Newton's Third Law of Motion: The apple exerts a force on the ground, and the ground exerts an equal and 
opposite force on the apple.
Impulse and Momentum: During the collision, the apple’s momentum changes rapidly over a short period, 
depending on its velocity and mass.
Deformation and Elasticity: The apple, being a soft object, deforms on impact. The ground, being hard, undergoes 
minimal deformation. The extent to which the apple regains its shape determines the height of its bounce.

4. Conservation of Energy
Before the fall, the apple has gravitational potential energy due to its height above the ground.
As it falls, this potential energy is converted into kinetic energy.
At the moment of impact, some of the kinetic energy transforms into other forms:

Elastic Potential Energy (as the apple compresses and deforms).
Thermal Energy (heat generated due to internal friction in the apple and at the contact surface).
Sound Energy (the noise created upon impact).

During the bounce, the elastic potential energy in the apple partially converts back into kinetic energy. However, some 
energy is lost, resulting in a lower bounce height.
5. Coefficient of Restitution (COR)
The apple’s ability to bounce depends on the COR, a measure of how elastic the collision is. For the apple-ground system, 
the COR is less than 1, indicating an inelastic collision where energy is lost to deformation and other processes.
6. Post-Bounce Motion
After bouncing, the apple follows a parabolic trajectory dictated by gravitational forces. Its upward motion decelerates 
due to gravity until it momentarily stops at its maximum height. If the apple bounces multiple times, each subsequent 
bounce will be shorter due to cumulative energy losses.

Prompt OOutput

Figure 14. The original prompt and output

### Instruction
Your task is to identify the main object in the given user prompt and 
provide the physical laws in reality the main object should obey with as 
much detail as possible in a descriptive way without giving formulas. 
Some in-context examples are provided for your reference, and you need to 
finish the current task. 

### In-context examples
User prompt: a rubber ball hits the ground and then bounces up
Main object: rubber ball, 
Physical law: The primary physical law that should be obeyed by the video 
is Newton's Law of Motion along with the Law of Conservation of Energy, 
particularly focusing on elastic collisions and gravitational acceleration. 1. 
Gravitational Acceleration (Newton's Second Law of Motion): As the 
rubber ball falls toward the ground, it is acted upon by the force of 
gravity. According to Newton's Second Law, the force acting on the ball is 
the product of its mass and the gravitational acceleration, typically 9.8 
m/s² near the surface of the Earth. 2. Collision with the Ground (Elastic 
and Inelastic Collisions): When the ball hits the ground, a collision occurs. 
In reality, rubber balls exhibit partially elastic behavior, meaning that 
some energy is lost to heat and deformation during the impact. This leads 
to a bounce with less energy than the initial fall, and the ball does not 
reach the original height from which it was dropped. 3. Conservation of 
Energy: As the ball falls, its potential energy is converted into kinetic 
energy, the velocity of the ball keeps increasing until the impact. Once the 
ball bounces back up, it follows the rules of projectile motion under 
gravity, accelerating upwards until the velocity reaches zero at its highest 
point, where all kinetic energy has been converted back to potential 
energy. The ball then begins its downward motion again, repeating the 
cycle but with diminishing height due to energy loss at each bounce.

### Current task
User prompt: An apple falls and bounces on the hard ground.
Let's think step by step.

Main object: apple

Physical law:
1.Gravitational Acceleration (Newton's Second Law of Motion):

As the apple falls toward the ground, it is acted upon by the force of gravity. This force causes the apple to 
accelerate downward at a constant rate, typically 9.8 m/s² near the Earth's surface. The apple's velocity increases 
steadily as it descends due to this constant acceleration.

2.Collision with the Hard Ground (Inelastic Collision):
When the apple hits the hard ground, a collision occurs. Unlike a rubber ball, the apple is less elastic and more 
prone to deformation upon impact. The collision is primarily inelastic, meaning a significant portion of kinetic 
energy is lost to internal deformation, heat, and sound. This results in a less pronounced bounce compared to 
more elastic objects.

3.Conservation of Energy:
During the fall, the apple's gravitational potential energy is converted into kinetic energy, increasing its speed 
until impact. Upon collision with the ground, some kinetic energy transforms into other forms of energy: Heat 
Energy: Generated due to internal friction within the apple's structure. Sound Energy: Produced from the noise of 
the impact. Energy of Deformation: Used in changing the shape of the apple upon impact. If the apple bounces, 
the remaining kinetic energy propels it upward, but it will not reach the original height due to these energy 
losses.

4.Newton's Third Law of Motion:
During the collision, the apple exerts a force on the ground. The ground exerts an equal and opposite force back 
on the apple. This reaction force can cause the apple to bounce back upward, depending on how much kinetic 
energy remains after the impact.

5.Air Resistance:
As the apple falls and potentially bounces upward, it experiences air resistance. Air resistance opposes the 
motion of the apple through the air, reducing its acceleration during the fall. During the upward motion after a 
bounce, air resistance works against the apple's ascent, causing it to slow down more quickly.

6.Material Properties and Deformation:
The apple's ability to bounce is influenced by its material properties, such as elasticity and structural integrity. 
Being less elastic, the apple absorbs more energy through deformation upon impact. This absorption of energy 
reduces the amount of kinetic energy available to propel the apple back upward, resulting in a lower bounce 
height compared to elastic objects like rubber balls.

7.Energy Dissipation:
Energy lost during the collision and subsequent motions ensures the apple will not bounce back to its original 
height. Over successive bounces (if any), the apple's kinetic energy continues to decrease due to ongoing energy 
losses. Eventually, the apple comes to rest as all its kinetic energy is dissipated through deformation, heat, 
sound, and overcoming air resistance.

Prompt OOutput

Figure 15. The prompt without the role indicator and output



####  IInstruction
YYou are a physics expert. Your task is to identify the main object in the given user prompt and provide the physical laws in reality the main object should obey with as much detail as  
possible in a descriptive way without giving formulas.
### Current task
User prompt: An apple falls and bounces on the hard ground.
Let's think step by step.

Prompt

OOutput

Main Object:
The main object in this scenario is the apple.
Physical Laws Governing the Apple’s Motion
Let us analyze the motion of the apple step by step:
Step 1: Initial Fall (Gravitational Pull)
The apple starts its motion due to gravity, which exerts a constant downward force. Gravity pulls the apple toward the Earth, causing it to accelerate uniformly. This is governed by Newton’s  
Second Law of Motion, where the net force on the apple results in an acceleration proportional to its mass.
Step 2: Interaction with Air (Air Resistance)
As the apple falls, it moves through the air and experiences air resistance, a force that opposes its downward motion. Air resistance depends on factors like the apple's speed, surface area,  
and shape, as well as the density of the air. If the apple falls from a sufficient height, it could reach a state called terminal velocity, where the upward force of air resistance balances the  
downward force of gravity, causing it to fall at a constant speed.
Step 3: Impact with the Ground (Collision Dynamics)
When the apple strikes the hard ground, it undergoes a collision. The interaction involves several physical principles: Newton’s Third Law of Motion: The apple exerts a force on the ground,  
and the ground exerts an equal and opposite force on the apple. Momentum Transfer: The apple’s momentum changes rapidly due to the impact. The exact nature of this change depends on  
the time duration of the collision and the material properties of the apple and the ground. Deformation and Elasticity: The apple deforms upon impact due to its soft and elastic nature. The  
hard ground, being rigid, undergoes negligible deformation.
Step 4: Energy Transformation at Impact
As the apple falls, its gravitational potential energy is converted into kinetic energy. Upon hitting the ground, part of the kinetic energy is transformed into: Elastic Potential Energy: Stored  
as the apple compresses during the collision. Thermal Energy: Generated through internal friction within the apple and at the contact point. Sound Energy: Produced as the collision  
generates noise. Energy losses during the impact mean that the apple does not fully regain its initial potential energy.
Step 5: The Bounce (Coefficient of Restitution)
The apple rebounds after the impact, driven by the release of elastic potential energy stored during its deformation. The height of the bounce is determined by the coefficient of restitution  
(COR), which measures the elasticity of the collision. For an apple-ground interaction, the COR is less than 1, indicating that the collision is inelastic, with significant energy losses.. 
Consequently, the apple bounces to a height lower than its original drop point.
Step 6: Post-Bounce Motion
After the bounce, the apple follows a parabolic trajectory determined by gravity. Its upward motion slows as it loses kinetic energy and eventually stops momentarily at its peak height. The  
apple then falls back under the influence of gravity. If subsequent bounces occur, each is progressively shorter due to cumulative energy losses to heat, sound, and internal deformation. The  
apple eventually comes to rest due to friction and dissipation of energy.
Relevant Physical Laws
1.Newton’s Laws of Motion. First Law: The apple remains at rest or in motion unless acted upon by a force (gravity, air resistance, ground collision).. Second Law: The net force on the apple  
results in its acceleration toward the Earth. Third Law: During the collision, the ground exerts an equal and opposite force on the apple.
2.Law of Universal Gravitation. The gravitational force between the Earth and the apple governs its downward motion.
3.Energy Conservation and Transformation. Energy is converted between potential energy, kinetic energy, and other forms (elastic potential, thermal, sound). Energy losses due to  
inelasticity reduce the height of subsequent bounces.
4.Air Resistance Principles. Drag forces oppose the apple’s motion, particularly during free fall.
5.Collision Dynamics and Elasticity. The behavior of the apple during and after impact is influenced by the deformation, energy losses, and the coefficient of restitution. By analyzing the  
motion in these steps, the apple’s fall, impact, and bounce can be fully described.

Figure 16. The prompt without the in-context example and output

Figure 17. Failure case example on human hand related video generation


