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Transmittance Measurements: Halogen Lamp
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q Replace fix frequency LEDs with halogen lamp for continuous 

coverage

§ Slightly shorter measurement time

§ Continuous spectra allows better fitting uncertainties

§ Minimum wavelength limited to about	450	𝑛𝑚
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Transmittance Measurements: Halogen Lamp
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q Compare transmittance measurements to halogen lamp 

results 

§ Good agreement between other validation 

measurements

§ Fit of halogen data yields comparable fit results as 

other measurements with better fit uncertainties 

compared to TU LED measurements

§ Halogen data can be extended to 𝜆 = 340	nm LED 

data point

TSA114-3

TSA114-3 Comparisons
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Transmittance Measurements: Halogen Lamp
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TSA114-3 fit result comparisons

Source A [%] B [µm!] C [µm"] T [𝜆 = 400	𝑛𝑚,%]
Aerogel Factory 99.05 ± 6×10#$	 9.14×10#% ± 2.51×10#&	 4.56×10#' ± 2.17×10#( 61.2

BNL 99.77 ± 9×10#$ 1.25×10#( ± 4.26×10#& 4.82×10#' ± 3.37×10#( 59.25

TU (LED) 99.55 ± 1.60 7.64×10#% ± 7.07×10#% 4.87×10#' ± 5.47×10#" 59.99

TU (Lamp) 99.87 ± 8×10#" 1.41×10#$! ± 8.96×10#)) 5.10×10#' ± 7.66×10#! 60.56

TU (LED + Lamp) 99.61 ± 2×10#"	 6.36×10#% ± 3.5×10#)$ 4.92×10#' ± 6.71×10#* 59.97

q Better constraints provided by fits
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Refractive Index: Brewster’s Angle Approach
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q Determine refractive index from Brewster’s angle:

§ 𝑛!"#$ = n%&'	tan(𝜃() 

§ 𝜃( from minimum reflected P-wave polarization 

Laser

Linear Polarizer

𝜆/4 
Waveplate

Rotation Stage

Aerogel

Sensor

q Reference beam via beam splitter could be added

q Can mimic setup used in reflectivity measurements at BNL

§ e.g. rotation stage / arms

q Funding would be needed to put system together

𝒏𝒂𝒆𝒓𝒐 𝜽𝑩	[𝒅𝒆𝒈. ]
1.040 46.12

1.041 46.15

Thor Labs
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Brewster’s Angle: Setup
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4.5 mW Laser 
(𝜆 = 639	𝑛𝑚) Quarter Wave Plate

Linear Polarizer Manual Rotation Stage

Photosensor

q Laser

§ 4.0-5.0 mW (4.5 mW typ.)

§ Power Stability: 2% 

§ Beam Diam: 3mm

§ Beam Divergence: -6 mrad

q Photosensor

§ 50nW – 50mW (200nm-450nm)

§ Resolution 1nW

§ Linearity: ±0.5%

§ Measurement Uncertainty:

v 200nm-270nm: ±7%

v 280nm-439nm: ±5%

v 440nm-980nm: ±3%

v 981nm-1100nm: ±7%
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https://www.thorlabs.com/thorproduct.cfm?partnumber=PL252
https://www.thorlabs.com/thorproduct.cfm?partnumber=PL252
https://www.thorlabs.com/drawings/e5a35a4f283ecb48-B83D0493-DE68-7971-E19C630DE6E0CAA2/S120VC-SpecSheet.pdf
https://www.thorlabs.com/drawings/e5a35a4f283ecb48-B83D0493-DE68-7971-E19C630DE6E0CAA2/S120VC-SpecSheet.pdf


Brewster's Angle: Aerogel TSA 114-3
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Disappearance of spot reflected from aerogel front surface when angle of incidence is at Brewster’s angle
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Refractive Index: Aerogel TSA 114-3
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Incident Angle [deg.] Reflected Power [𝜇W]

40 0.170

41 0.108

42 0.077

43 0.055

44 0.035

45 0.01 (spot not visible)

46 0.01 (spot not visible)

47 0.025

48 0.053

49 0.096

50 0.142

𝒏 𝜽𝑩	[𝒅𝒆𝒈. ]
1.0000 45.0

1.0176 45.5

1.0355 46.0

1.0538 46.5

q Refractive Index Measurements (via deflection through corner)

Ø Aerogel Factory: 1.0377 @ 𝜆 = 405	𝑛𝑚

Ø TU: 1.0358 – 1.0409 @ 𝜆 = 403	𝑛𝑚

The refractive index for a given Brewster’s angle

TSA 114-3 aerogel tile @ 𝝀 = 𝟔𝟑𝟗	𝒏𝒎
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Brewster’s Angle: Improvement
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q More precision is needed on measuring Brewster’s angle if approach is to be used in QA

§ Angle of incidence precision needed: Δ𝑛 = 0.001 ⇒ 0.52	mrad ≈ 0.03!

Ø Replace manual rotation stage with 1! tick marks with high precision automated rotational 

stage

§ More careful alignment of polarization axes

Ø Currently using back and front face of linear polarizer to align polarization axis perpendicular 

to the table and cross calibrate to find horizontal axis.

§ Automate sensor positioning to measure reflected light.

Ø Currently manually position at appropriate location. How to automate?

• Beam spot moves by about 7 mm/deg
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Precision Rotational Stage
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Thor Labs HDR50

Ø $3,340

Thor Lab Controller BSC201

Ø $1,754
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https://www.thorlabs.com/thorproduct.cfm?partnumber=HDR50
https://www.thorlabs.com/thorproduct.cfm?partnumber=BSC201

