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Figure 7: Nulling Test bed set up. 

The nulling interferometery experiment at JPL employs a modified Mach-Zehnder design. Maintaining a high 
degree of symmetry is necessary for deep nulling, so a meticulous approach is needed for both construction and 
alignment. The nuller core is composed of two bare-gold coated mirrors, one in each arm, and two highly 
symmetric, dielectrically-coated, beampslitters. The core mirrors and beamsplitters are aligned such that their 
coated surfaces are parallel to an arcminute--to mitigate pupil rotation (to be discussed later). The optics of the 
nuller are 50mm- in diameter, with each arm extending for roughly 650mm of path length.  

To minimize path length fluctuations due to vibration, the nuller is positioned on three tiers of isolation. The 
testbed breadboard is directly mounted on visco-elastic, sorbothane bumpers internal to the vacuum chamber. 
Sorbothane is a material specifically designed for vibration dampening. Furthermore, the vacuum chamber itself 
is mounted on larger, weight-bearing sorbothane pucks. The vacuum chamber is then positioned on a 24 inch-
thick Newport optical table, which is supported by pneumatic vibration-isolating legs. The whole lot is then 
positioned on a vibration-isolating pad. The interferometer is placed inside of a vacuum chamber—to mitigate 
the affects of atmospheric turbulence. However, we do not evacuate the chamber since we are able to achieve the 
required stability at atmosphere. We coarsely tune each glass type using interference fringes as a thickness 
metric. We also balance the deconstructive fringes directly adjacent to the central null, in order to achieve a 
symmetric white light interferogram. We finely tune our dispersion by using null depth as a direct metric. The 
upshot is that there is a panoply of solutions for differential glass thickness, and properly tuning the differential 
thickness with our rotation stage resolution is in fact feasible. The particular solution we use for our differential 
glass thicknesses are 481μm of Fused Silica and 393μm of BK7 

NULLING ERROR ANALYSIS 
Each error term can be treated as an independent contributor to the overall null degradation. We use empirically 
determined values to estimate each error term’s contribution, which linearly sum to yield our expected 
experimental null depth. We then check our experimental null result against that of the total null. This allows us 
to characterize the state of our interferometer’s performance, and to evaluate which errors are contributing the 
lion’s share. Table 1 shows a summary of the individual error terms. 

An error assessment of our nulling interferometer includes the following measurable quantities: pupil rotation, 
birefringence, intensity mismatch, optical path fluctuations, and dispersion. Where pupil rotation, birefringence, 
and dispersion can be considered static errors, and intensity mismatch and optical path fluctuations dynamic 
errors Pupil rotation is purely geometrical and time-independent. It is caused by slight, out-of-plane folds that 
deviate from the parallelism of the mirror’s surfaces. The end result is polarization leakage from one perpen-
dicular state to another at the point of recombination. The first concern is getting the mirror surfaces parallel to 
within an arcminute. We accomplish this using a Fizeau interferometer to reflect off of each mirror’s surface. We 
also place a mask at the interferometer input, at measure the relative offset induced by each interferometric arm.  
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We can adjust the beamsplitters to ensure a zero shear 
constraint. These two approaches allow us to tune and 
measure the pupil rotation to better than 0.01 degrees, 
and using the equation from Table 1, we estimate a null 
limit of 7.6 × 10-9.  

Birefringence is another time-independent error, by 
which polarization phase delay occurs when overly 
stressed regions of a transmissive optic, such as a beam-
splitter, cause anisotropic regions in the substrate. 
Improper beamsplitters mounting, namely those mounts 
that use a setscrew, can significantly limit our null depth. 
We use a Malus’ Law setup (i.e., two cross polarizers 
with the sample between them and a large area photo-
detector) to test for stress-induced biregrince. It is a 
strikingly clear affect that can be witnessed visually. To 
mitigate birefringence in our beamsplitters and dispersion 
plates we either use a spring loaded mounting mechanism 
or simply glue the optic to the mount. In this manner, we 
have managed to reduce the polarization phase delay to 
0.04 nm or a null limit of 9.7×10-9. We use null depth as a direct metric to evaluate polarization effects.  

We used two edge filters, one with throughput longward of 590 nm and one with throughput shortward of 710 
nm, to achieve a 15% white light bandpass profile, as shown in Figure 9. Broadband nulling with our 15% white 
light source, has yielded nulls as deep as 1.06 × 10-6 averaged over a 3-second span, of which, the experimental 
results can be seen in Figure 6. The error analysis for each term is shown in Table 2. 

Dispersion is still the dominant contributor to the lack of null depth. Experimentally this was seen as a lack of 
precision in the adjustment of the dispersion plates. As shown in Figure 10, the deepest null depth can be 
achieved over a range of differential thickness between the two dispersion plates, and when both plates can be 
tuned with infinite precision. The same curve is plotted on the right hand side of the figure given the step size 
resolution in our experiment. By replacing one of the glasses with a finer resolution stepping device, we should 
be able to achieve the required result. 
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Table 1. Nulling Interferometer Error Budget 

Error Term Equation Variable Empirical Value Null Limit 
% Contribution 

(broadband)
Pupil rotation NPr = Θ2/4 Θ 0.01 deg 7.6×10-9 5.8 

Birefringence NOpd = (2π ΔOPDpol /λ)2/4 ΔOPDpol 0.04 nm 9.7×10-9 7.4 

Intensity mismatch NIm = ΔI2/4 ΔI 0.009% (laser) 
0.03% (broadband*) 

2.25×10-10 

2.3×10-8 17.0 

Optical path 
fluctuations NOpd = (2π ΔOPD/λ)2/4 ΔOPD 0.06 nm rms 8.7×10-8 66.1 

Dispersion ND = (2π ΔOPDλ /λ)2/4 ΔOPDλ 0.014 nm 4.9×10-9 3.7 

Laser null (638 nm) N = NPr + NB + NIm + NOpd - - 1.05×10-7 - 

Broadband null limit 
(15% WL) N = NPr + NB + NIm + NOpd + ND - - 1.3×10-7 - 

 

Figure 8: This data set shows our laser nulling 
result (638 nm) of 1.25 × 10-7 averaged over 10 
seconds, or 1.11 × 10-7 averaged over 3 seconds. 
Null depths of roughly 8 and 9 million to one respec-
tively. The first 120 seconds of data are at the decon-
structive null, while the constructive peak follows. 
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Table 2. Error analysis for the white light nulling experiment. 
Source Null Pupil Rotation Intensity Mismatch OPD Fluctuations Birefringence Dispersion 

Value achieved 0.01 Deg 0.1% 0.1 nm, rms 0.04 nm 0.15 nm 
Contribution to Null 7.62E-9 2.5E-7 2.42E-7 9.70E-9 4.89E-9 
Net Null: 1.06E-6 (950K:1) 
% Contribution 1% 24% 23% 1% 51% 
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Figure 9: (Left) The 15% white light spectrum after propagation through one arm of the interferometer. The full 
width at half maximum is 100 nm. (Right) The resulting null plot showing nearly 1M:1 contrast (1.06 × 10-6) 

 

Figure 10: Finding the optimum differential spacing in a two glass null. (Left) null depth surface for the 2 glass 
null. (Right), Same null depth but using the step resolution limits in our experimental equipment. At any large 
“step” in one glass, the corresponding optimum null can be found with same device with sufficient resolution.  
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