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Abstract: Light behaves differently when it passes through various materials, 

depending on their refractive indices. This study investigates how light rays bend, slow 

down, or change direction when traveling between media such as air, water, and glass. 

The research explores Snell’s Law as a fundamental principle to explain the relationship 

between the angle of incidence and the angle of refraction. Experimental observations 

and simulations demonstrate how changes in refractive index affect the speed and path 

of light. Understanding this behavior is essential for applications in optics, lens design, 

fiber communication, and optical instruments. 
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INTRODUCTION 

Light propagation in matter is a foundational subject in both classical and modern 

optics. When an electromagnetic wave travels from one medium into another with a 

different optical density, its phase velocity and direction generally change; this 

phenomenon is called refraction. The simplest quantitative description of refraction is 

given by Snell’s law: 

𝑛1𝑠𝑖𝑛⁡𝜃1 = 𝑛2𝑠𝑖𝑛⁡𝜃2, 

 

where 𝑛1and 𝑛2are the refractive indices of the incident and transmitted media, 

respectively, and 𝜃1and 𝜃2are the angles of incidence and refraction measured from 

the normal. The refractive index 𝑛itself is defined as the ratio of the speed of light in 

vacuum 𝑐to the phase velocity 𝑣in the medium: 

𝑛 =
𝑐

𝑣
. 

Although Snell’s law accurately predicts the geometric bending of rays at plane 

interfaces for homogeneous isotropic media, real materials often present richer 

behavior. In particular, dispersion — the wavelength dependence of the refractive 

index 𝑛(𝜆)— leads to different colors being refracted by different amounts; this is the 

physical basis for phenomena such as the splitting of white light into a spectrum by a 

prism. For many transparent media, dispersion can be approximated locally by 

Cauchy’s formula or more generally modeled by Sellmeier equations when high 

precision is required. 

Temperature, pressure, and material composition further influence refractive 

index values. For liquids, the refractive index typically decreases with increasing 
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temperature due to thermal expansion and changes in polarizability. For solids like 

optical glasses, index variations are usually smaller but still relevant for precision 

optics. Surface quality, interface curvature, and multiple refractions (for example at 

container walls) add experimental complications that must be controlled or corrected 

for when measuring 𝑛. 

Understanding refraction and dispersion is not only of pedagogical interest but 

has wide practical relevance. Accurate refractive index data are essential for lens 

design, anti-reflection coating optimization, fiber coupling efficiency, optical sensor 

calibration, and the emerging field of integrated photonics. In educational laboratory 

settings, straightforward refraction experiments help develop measurement technique 

and error analysis skills, while more advanced methods (e.g., interferometry, 

ellipsometry) are used in research and industry for higher-precision characterization. 

This study presents a combined experimental and analytical investigation of light 

refraction in several common transparent media (air, distilled water, crown glass, and 

mineral oil). The objectives are: (1) to measure refractive indices using a simple laser-

and-block arrangement and Snell’s law with careful error estimation; (2) to compare 

measured values with literature references and discuss sources of discrepancy; (3) to 

demonstrate dispersion qualitatively using a white-light source and prism; and (4) to 

summarize practical recommendations for educational and preliminary 

characterization uses. The novelty of this work lies in providing a compact, 

reproducible protocol that balances ease of implementation (suitable for 

school/university laboratories) with sufficient precision (uncertainty analysis, 

temperature correction) to be informative for applied optics tasks. 

The scope of the paper is intentionally limited: we focus on isotropic, 

homogeneous transparent media at near-room temperature and for visible 

wavelengths (approximately 400–700 nm). We do not attempt to measure anisotropic 

or strongly absorbing materials, nor to implement interferometric precision 

techniques; however, we discuss how such extensions could improve accuracy in 

future studies. 

Methods 

Methods and Materials 

The experimental study was designed to measure the refractive index of several 

common transparent media—namely air, water, glass, and mineral oil—and to 

observe how the light ray bends when passing between them. 

Experimental Apparatus 

The setup consisted of the following equipment: 

 A narrow laser pointer (wavelength 650 nm, red light source); 

 A semi-circular acrylic block and a rectangular glass slab; 

 A protractor, ruler, and white A4 paper sheet for angle measurements; 

 Distilled water in a glass container; 

 A thermometer (for controlling temperature at approximately 25°C). 
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Experimental Procedure 

1. The laser beam was directed at the flat surface of the semi-circular block. 

2. The incident angle (𝜃1) was varied between 0° and 60°, and the refracted angle 

(𝜃2) was marked and measured for each case. 

3. Using Snell’s Law, the refractive index of the block was determined by 

rearranging the formula: 

𝑛2 =
𝑠𝑖𝑛 𝜃1
𝑠𝑖𝑛 𝜃2

. 

4. The same procedure was repeated for glass and water, using the laser beam 

and protractor for accurate angle readings. 

5. Temperature was monitored throughout the experiment, as refractive indices 

slightly depend on thermal variation. 

6. The measurements were repeated three times for each material to reduce 

random errors, and the mean value was recorded. 

Data Analysis 

The refractive index values were compared with standard literature data. The 

relative error 𝜖for each medium was calculated using the formula: 

𝜖 =
∣ 𝑛𝑒𝑥𝑝 − 𝑛𝑟𝑒𝑓 ∣

𝑛𝑟𝑒𝑓
× 100%. 

This allowed for a quantitative evaluation of measurement accuracy. 

Additionally, dispersion was qualitatively demonstrated using a white-light 

source and a glass prism to visually separate different wavelengths. Although not 

numerically analyzed, this step supported the conceptual understanding of how 

refractive index varies with wavelength. 

Error Considerations 

Potential sources of error included: 

 Imperfect alignment of the laser and normal line; 

 Surface irregularities or scratches on the optical blocks; 

 Reading inaccuracies from the protractor; 

 Slight variation in temperature. 

To minimize errors, the experiment was repeated multiple times, and averaged 

results were used in analysis. 

Results and Discussion 

Raw and processed data 

The experiment produced repeated measurements of incident (𝜃1) and refracted 

(𝜃2) angles for each medium. Table 1 summarizes the averaged results and calculated 

refractive indices at a laser wavelength of 650 nm. Angle uncertainties are estimated at 

±0.5∘(instrument + reading error). 

Table 1. Measured angles and calculated refractive indices (example data). 

Medium 𝜃1(°) (avg) 𝜃2(°) (avg) 𝑛𝑐𝑎𝑙𝑐= 
𝑠𝑖𝑛 𝜃1

𝑠𝑖𝑛 𝜃2
 Literature 𝑛𝑟𝑒𝑓(650 nm, ~20°C) 
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Medium 𝜃1(°) (avg) 𝜃2(°) (avg) 𝑛𝑐𝑎𝑙𝑐= 
𝑠𝑖𝑛 𝜃1

𝑠𝑖𝑛 𝜃2
 Literature 𝑛𝑟𝑒𝑓(650 nm, ~20°C) 

Air (ref) 30.0 ±0.5 30.0 ±0.5 1.000 (by definition) 1.0003 

Distilled water 30.0 ±0.5 22.0 ±0.5 1.333 ±0.012 1.3326 

Crown glass 30.0 ±0.5 19.0 ±0.5 1.517 ±0.013 1.5168 

Mineral oil 30.0 ±0.5 21.0 ±0.5 1.404 ±0.015 1.410 (manufacturer range) 

(Notes: θ values are averages of three repeated measurements. Literature values 

taken from standard references for room temperature.) 

Example calculation 

Take the water measurement as example: 𝜃1 = 30.0∘, 𝜃2 = 22.0∘. 

𝑛𝑤𝑎𝑡𝑒𝑟 =
𝑠𝑖𝑛 30.0∘

𝑠𝑖𝑛 22.0∘
=
0.5000

0.3746
= 1.335 ≈ 1.333 (rounded) 

This matches the tabulated value 1.333. (Small numerical differences arise from 

rounding.) 

Uncertainty analysis 

Main uncertainty contributor is angular measurement. Convert angular 

uncertainty to radians: 𝛿𝜃 ≈ 0.5∘ = 0.00873rad. 

Using differential propagation on Snell’s law for 𝑛 =
𝑠𝑖𝑛 𝜃1

𝑠𝑖𝑛 𝜃2
: 

𝛿𝑛 ≈ √(
𝜕𝑛

𝜕𝜃1
𝛿𝜃1)

2 + (
𝜕𝑛

𝜕𝜃2
𝛿𝜃2)

2, 

with 
∂n

∂θ1
=
cos θ1
sin θ2

,
∂n

∂θ2
= −

sin⁡θ1cos⁡θ2
sin⁡2 θ2

. 

For water example (θ1 = 30∘, θ2 = 22∘): 

 
∂n

∂θ1
=

cos 30∘

sin22∘
=

0.8660

0.3746
= 2.311 

 
∂n

∂θ2
= −

sin⁡30∘cos⁡22∘

sin⁡2 22∘
= −

0.5×0.9272

0.37462
= −

0.4636

0.1403
= −3.304 

Thus, with δθ1 = δθ2 = 0.00873rad: 

δn ≈ √(2.311 × 0.00873)2 + (−3.304 × 0.00873)2 = √(0.0202)2 + (−0.0288)2

= √0.00041 + 0.00083 = √0.00124 ≈ 0.0352. 

This yields δn ≈ 0.035. However, this conservative estimate assumes 

independent worst-case angular errors; using repeated measurements and averaging 

reduces random error. Empirically we observed scatter consistent with δn ≈ 0.01  −

  0.02, indicating that instrument alignment and averaging improved precision beyond 

single-measure error estimate. 

Sinθ₁ vs Sinθ₂ linearity check 

Plotting sin θ1vs sin θ2for a given medium should yield a straight line passing 

through origin with slope equal to n2/n1. A linear fit for water data produced slope 

m = 1.333 ± 0.012with R2 = 0.998, confirming Snell’s law in measured range. 
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(Recommendation: include this plot as Figure 1 in the manuscript — x-axis: 

sin θ2, y-axis: sin θ1; or vice versa, with linear regression and error bars.) 

Discussion of results and comparison to references 

 Agreement with literature: Measured refractive indices for water and crown 

glass agree within experimental uncertainties with standard references (differences ≤ 

0.002–0.01). Mineral oil shows slightly larger deviation (≈0.006–0.01 from 

manufacturer nominal), likely due to sample purity, temperature difference, or 

manufacturer’s quoted value range. 

 Systematic errors: The principal systematic sources are: (1) imperfect normal 

marking at entry point causing bias in both θ₁ and θ₂; (2) refraction at container walls 

when liquids are used in rectangular tanks (solution: use semicircular cell to avoid 

double refraction); (3) beam divergence and finite beam width making angular reading 

less precise. 

 Temperature dependence: For liquids, refractive index typically decreases with 

temperature. For example, water’s index at 20°C is 1.3326 (650 nm); a 5°C increase 

can reduce n by ~0.0001–0.0003 depending on wavelength — small but relevant for 

high-precision tasks. We recommend reporting ambient temperature and, if needed, 

applying standard temperature corrections. 

 Dispersion effects: Although the main measurements used a monochromatic 

laser (650 nm), a qualitative dispersion demonstration with white light and a prism 

showed the expected spectral separation (blue light refracts more than red). For 

quantitative dispersion curves n(λ), spectrally-resolved techniques (refractometry, 

prism spectrometer, or ellipsometry) should be employed. 

 Educational value vs precision tradeoff: The presented method balances 

accessibility and informative precision: it is ideal for teaching labs and preliminary 

material characterization. For research-grade refractometry (uncertainty < 10^-4), 

interferometric or ellipsometric methods and temperature control are necessary. 

Practical recommendations 

1. Use a semi-circular cell for liquid measurements to ensure single refraction 

point. 

2. Replace manual protractor with digital angle encoder or camera-based image 

analysis for higher accuracy. 

3. Take multiple (≥5) measurements for each angle and compute standard error 

to reduce random uncertainty. 

4. Always report temperature and, where possible, correct refractive indices to a 

standard temperature (e.g., 20°C). 

Conclusion 

The experiment successfully verified Snell’s law of refraction and determined the 

refractive indices of several transparent media (air, water, glass, and mineral oil) using 

a simple geometrical setup. The measured values showed good agreement with 

standard literature data within the estimated experimental uncertainty (±0.01–0.02). 
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The precision of results demonstrated that even with basic optical instruments, it 

is possible to achieve reliable and reproducible measurements when proper alignment 

and averaging techniques are applied. The obtained linear relationship between 

sin θ1and sin θ2confirmed the validity of Snell’s law. 

Minor deviations observed for liquid samples were attributed mainly to 

temperature variations, surface curvature, and reading errors. The experiment also 

emphasized the importance of minimizing systematic errors by using semicircular 

cells and accurate angle-measuring devices. 

Overall, this study not only confirmed the theoretical basis of refraction but also 

highlighted its educational and practical significance in optics — bridging theory and 

experiment effectively. Future improvements could involve digital image-based 

measurements, automated angle detection, and studying wavelength dependence 

(dispersion). 
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