Objects in Generated Videos Are Slower Than They Appear:
Models Suffer Sub-Earth Gravity and Don’t Know Galileo’s Principle...for now

Supplementary Material

Table 1. Use of expanded prompts. Detailed prompts describing
the scene with explicit parameters do not significantly affect the
model’s understanding of gravity. Wan 5B increase marginally in
geys. Veo 3 and Cosmos 2B show a decline.

Model |
| Mean (m/s?) Median (n/s?) Range (m/s?) | Mean (m/s?) Median (m/s?) Range (m/s?)

Wan 5B 1.81 124 [0.26, 8.26] 206 137 [0.29, 6.80]
Veo3 227 2.08 [0.28, 6.66] 1.63 124 [0.34,4.94]
Cosmos 2B 1.85 130 [0.23, 14.18] 125 0.83 [0.27, 3.84]

Table 2. Explicit Guidance Models. The Gravity Adapter (5B)
outperforms methods with additional guidance.

Base Prompt Expanded Prompt

Method Mean (m/s?) Median (in/s?) Range (in/s?)
Wan 5B (baseline) [6] 1.81 1.24 [0.26, 8.26]
Wan 5B + Gravity Adaptor [1] 6.43 6.38 [1.24, 16.64]
FLF (first + last frame) [6] 0.58 0.22 [0.03, 23.70]
Trajectory guided [7] 0.38 0.16 [0.04, 3.22]

1. Effect of Expanded text prompts

To reduce any scale ambiguity for the models, we exper-
iment with more detailed text prompts containing explicit
height, diameter of the ball, distance of the camera from the
ball, and height of the camera above the ground. However,
we see no significant improvement in any of the evaluated
models (Tab 1).

2. Explicit Guidance Models

We test whether providing more information improves
physical accuracy. The First-Last Frame model [6] re-
ceives initial and final frames to reduce depth ambiguity,
but performs poorly—Ilikely constrained to 5-second gen-
erations that default to slow motion. We also evaluate tra-
jectory matching [7] using ground-truth 2D centroid trajec-
tories from drop height to impact, after which we let the
model freely generate. This model similarly underperforms
(gor = 0.38m/s2, range 0.04—3.22), suggesting difficulty
handling rapid motion. Our adapter exceeds both methods
without any explicit guidance.

3. Additional Time Scaling Heuristics

Per Sample Time Scaling We also evaluate per-sample
time scaling to account for seed-to-seed variance. For each
sample, we use seeds 999 and 777 to compute an individ-
ual scaling factor, then apply it to seeds 42 and 123. Per-
sample scaling yields higher gs.q1.q Values (Tab. 3¢) but the
variance remains substantial, possibly due to high variance
between seeds.

Adjusting height for angled trajectories. Many gen-
erated videos show non-vertical trajectories, which could

result from the model interpreting the ground plane or cam-
era as tilted. To provide the benefit of the doubt again, we
adjust the effective drop height based on the observed angle
of deviation, computing h.q; and the corresponding scaled
gravity Gadj+tscaled Using globally scaled times. Tab. 3d
shows that this height adjustment provides no meaningful
improvement. Even after applying perspective correction,
the models still show substantial under-acceleration. The
gravity distributions (Fig. 2b—2d) reveal that most samples
remain below 9.81, m/s?, indicating that time scaling alone
does not resolve the core physical error. Fig. 1b—1d shows
the change in the h vs t plots when different time scaling
techniques are applied.

4. Prompt Structure

We use a consistent prompt structure across all experiments
to isolate physics understanding from prompt sensitivity.

Single Ball Drops. A video showing a ball being dropped
from a height onto the ground. The camera is static and po-
sitioned to clearly capture the vertical motion of the ball.
The ball falls naturally under gravity, accelerating freely
with no air resistance and hits the ground.

Two Ball Drops. A video showing two identical balls be-
ing dropped from two different heights onto the ground.
The camera is static and positioned to clearly capture the
vertical motion of both balls. Both balls fall naturally under
gravity, accelerating freely with no air resistance, and hit
the ground.

Expanded Prompt. A video showing a ball of diameter
diameter meters being dropped from a height of initial
height meters onto the ground. The camera is static and
positioned at a height of camera height meters, at a dis-
tance of camera depth meters to clearly capture the verti-
cal motion of the ball. The ball falls naturally under gravity
at 9.8 meters per second square, accelerating freely with
no air resistance, and hits the ground.

Inclined Plane. A video showing a smooth square block
sliding down a frictionless inclined plane under gravity. The
inclined plane is fixed and set at an angle, with no fric-
tion between the block and the surface. The block starts
from rest near the top and accelerates uniformly as it slides
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Figure 1. Effect of time-scaling on h—t relationships. (a) We plot h versus ¢ for all models. We repeat each test example with 4 seeds
and fit polynomials through the means. The gray dashed line indicates terrestrial motion. All models systematically under-accelerate, and
none obey the square root scaling law of time with height. The Gravity Adapters (green, gold) substantially improves Wan 5B and Wan
14B towards correct gravity. (b) Mean time scaling. We compute a Mean time scalar using a subset of random 30 samples from our
dataset, which scales the effective time of the 30 samples to better match the ground truth time. The Mean time scalar, when applied to the
second subset of 45 samples, brings the mean effective gravity close to 9.81, m/s2 for many models. (c) Per-sample scaling. Instead of a
mean time scalar, we experiment with a per sample time scalar, computed using half of the seeds. The scalar is then applied to the other
half of the seeds. (d) Height-adjusted Mean Time scaling. Accounting for deviation from the straight line vertical trajectory does not
significantly improve the effective gravity.
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Figure 2. Effect of Time scaling on distribution of gravities

downward. The camera is static and positioned at the side
to clearly capture the motion along the incline.



Table 3. Effect of time-scaling on g.s estimation across models. (a) Original. We report effective gravity values computed as ger =
2h/t* (m/s?). The ground truth is 9.81 m/s®. All models under-accelerate, and Gravity Adapters consistently reduce this deficit. Reported
mean values are averaged over four random seeds and all test examples. Median and Range values are across all seeds and test samples.
(b) Mean time scaling. A global scalar(MTS) is estimated from a 30-sample subset and applied to a disjoint 45-sample split. This shifts
several models closer to 9.81 m/s?, but variance remains high. (c) Per-sample time scaling. Instead of a global correction, we compute a
per-sample scalar using half the seed runs and apply it to the others. (d) Height-adjusted scaling. Accounting for deviations from ideal
vertical motion does not meaningfully improve geg estimation, suggesting that model errors stem from deeper physics issues rather than

trajectory shape.

(a) Original
Model Mean(m/s2) Median (m/sz) Range(m/s2) QI-QS(m/sz)
Cosmos 2B [5] 1.85 1.30 [0.23, 14.18] [0.68, 2.24]
Cosmos 14B [5] 1.51 1.01 [0.24,10.31] [0.55, 1.92]
Hunyuan [2] 1.97 1.15 [0.23,15.84] [0.48,2.72]
Veo3 [4] 2.27 2.08 [0.28, 6.66] [1.00, 3.38]
Wan 5B [6] 1.81 1.24 [0.26,8.26] [0.77,2.41]
Wan 14B [6] 218 .19 [0.27. 59.98] [0.63,2.04]
Gravity Adapter 5B [1] 6.43 6.38 [1.24,16.64] [3.95, 8.65]
Gravity Adapter 14B [1] 551 5.63 [1.52, 11.67] [3.02,7.45]

(c) Per Sample Time Scaled

(b) Mean-Time Scaled

Model MTS Mean(m/s2j Median (m /52) Range (m/s2) Q1-Q3 (m /52)
Cosmos 2B [5] 243 10.34 7.24 [1.40, 69.96] (3.74,12.75])
Cosmos 14B [5] 277 10.86 7.19 [1.81,76.04] [4.02, 14.20]
Hunyuan [2] 2.63 13.85 7.06 [1.55,104.64] [3.23,18.93]
Veo3 [4] 2.12 9.39 8.5 [1.26,29.11] [4.17,13.69]
‘Wan 5B [6] 2.43 10.24 722 [1.76, 49.15] [4.60, 13.05]
‘Wan 14B [6] 2.56 13.78 7.78 [1.75,321.30] [4.11, 14.11]
Gravity Adapter 5B [1]  1.28 10.27 9.74 [2.4,26.67] [5.98, 13.44]
Gravity Adapter 14B [1]  1.36 10.00 10.10 [2.82, 19.08] [5.64, 13.01]

(d) Mean-Time Scaled with Height Adjustments

Model Mean (m /s2) Median (m/s2) Range (m/s2) Q1-Q3 (m/s2) Model MTS Mean(m/s2) Median (m/s2) Range(m/s2) Q1-Q3(m/s2)
Cosmos 2B [5] 15.08 8.69 [3.23,12826]  [6.57, 11.78] Cosmos 2B [5] 243 10.35 724 [1.40,70.06]  [3.74,12.77]
Cosmos 14B [5] 15.23 1175 [126,87.06]  [6.95, 16.80] Cosmos 14B [5] 277 10.89 721 [1.81,76.12]  [4.02, 1421]
Hunyuan [2] 17.95 10.79 [0.64,171.55]  [6.80, 16.93] Hunyuan [2] 263 14.59 7.07 [155,104.82]  [3.23,19.71]
Veo3 [4] 10.04 9.77 [545,21.10  [8.60, 11.10] Veo3 [4] 212 939 8.51 [1.3,29.12] [4.17, 13.69]
Wan 5B [6] 16.31 16.98 [277,5495]  [9.71,20.04] Wan 5B [6] 243 10.25 722 [1.76,49.29]  [4.60, 13.05]
Wan 14B [6] 14.05 10.77 [143,18481]  [7.11,15.64] Wan 14B [6] 256 13.86 778 [1.76,321.56]  [4.11, 14.11]
Gravity Adapter 5B [1] 10.46 10.24 [423,17.17)  [8.62,12.11] Gravity Adapter SB[1] 128 10.27 974 [2.4,26.67] [5.98, 13.44]
Gravity Adapter 14B [1] 9.88 981 [488,1621]  [8.61,11.07] Gravity Adapter 14B [1] 136 10.00 10.13 [282,19.08]  [5.64,13.01]
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Figure 3. Single ball falling results for gravity adapters. We plot h versus ¢ values for Wan 5B and Wan 14B with and without gravity
adapters. The black dashed line represents terrestrial motion. We scatter plot the mean of each sample across 4 seeds and show error bars.
The gravity adapters improve the base model to correct gravity while minimizing variance across seeds.
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Figure 4. Ablation on number of frames generated. We observe that reducing the generation window to 1 second leads to poor
performance. We show representative examples where either the ball remains suspended rather than falling, or the model generates an

unintended extra object. Due to this, we set the generation time to 2 seconds.




Open-sora 1.2 + FT + ORO

CogVideo 1.5
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Figure 5. Additional models tested. We also generate samples using OpenSora finetuned in the style of [3] and CogVideoX-1.5 [8].
However, the resulting videos exhibit severe artifacts and hallucinations, making them unsuitable for meaningful evaluation..
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Earth Gravity Adapter (ours) ~ Wan2.2-5B Wan 2.2-14B Hunyuan Veo3 Cosmos-2B Cosmos-14B

Figure 6. Results for Single-ball drops. Stroboscopic composites (left) visualize ball positions at equal time intervals from release. The
panels show the trajectories performed by each model during the time it takes a ball falling under 9.81 m/s? to reach the ground, revealing
systematic under-acceleration across all models.
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Earth Gravity Adapter (ours) ~ Wan2.2-5B Wan 2.2-14B Hunyuan Veo3 Cosmos-2B Cosmos-14B

Figure 7. Additional Results for Zero-shot generalization to double ball dropping.



Earth Gravity Adapter (ours) FT+ORO Wan2.2-5B

Figure 8. Additional Results for Zero-shot generalization to real world scenes [3].



Earth Gravity Adapter (ours) Wan2.2-5B Veo3

Figure 9. Additional Results for Zero-shot generalization to inclined planes. The gravity adapter generalizes to inclined surfaces kept
at angles between 30 and 75 degrees.
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