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OVERVIEW

Your Filter is Rated for Light it Never Sees
Narrowband filters are often discussed as if they will be used in collimated light, at normal incidence. 
A fast optical system delivers a converging beam instead. The faster the system, the further the real 
passband slides towards blue / shorter wavelengths and away from its rated (0° AOI) center wavelength.

For narrowband imaging, that shift pulls transmission down at the exact line the filter was chosen to 
capture. This guide covers why the shift happens, what it costs in transmitted signal, how a filter can be 
designed to use the shift instead of fighting it, and how to choose or specify a filter for a specific working 
focal ratio.

Why it Happens
When filters are specified in collimated light
The center wavelength and bandwidth are measured with parallel rays striking the filter head on, at 
zero degrees angle of incidence. But, in nearly all telescopes, this is not the actual condition of use. 
When Chroma publishes “Hα 3 nm, 656.3 nm center wavelength,” this is the setup that number comes 
from. This measurement is accurate and standard practice, but it does not reflect the condition inside a 
telescope.

Figure 1: Reference condition for filter specification: a point source and lens produce a collimated, parallel 
beam striking the filter at normal incidence (AOI = 0°).
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A fast scope delivers a cone
Near the focal plane, every point in an image is built from a cone of light, not a single ray. The cone’s half 
angle is set by the working focal ratio: a faster f-number produces a wider cone. A fast optical system 
delivers a broad spread of incidence angles to the filter at once, from zero degrees out to the cone’s half 
angle, simultaneously, rather than the single, clean, normal-incidence angle used on the bench.

Figure 2: Actual imaging condition in a fast system: the lens delivers a converging cone of light to the filter, with 
incidence angles spanning zero degrees to the cone’s half-angle, set by the working focal ratio.

Interference filters shift blue with angle
An interference filter passes light by interference in a thin-film stack. Tilting the incoming ray and the 
passband moves to shorter wavelengths as the angle increases, and the shift grows with angle. A cone 
is a weighted blend of angles, and most of a cone’s energy sits in its outer, higher-angle zone because 
area grows with radius. The average passband a sensor sees is therefore pulled toward the blue and 
broadened, not just shifted by a single fixed amount.

Chroma Technology Corp.   Filters at Fast Focal Ratios Page 2

Faster Optics, Bigger Shift
The table on the next page shows cone half-angle and center-wavelength shift for Chroma’s standard 
27001 Hα 3 nm filter across five focal ratios.



Figure 3 : Performance data for Chroma’s 27001 standard Hα 3 nm filter.

The shift grows faster than the focal ratio changes; it scales roughly with the square of the cone angle, 
so the last stop costs the most. Moving from f/5 to f/4 costs about a third of a nanometer. Moving from 
f/2.5 to f/2 costs almost a full additional nanometer. Once a system runs at f/2 or faster, the shift is no 
longer negligible relative to a 3 nm bandwidth.
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What it costs
Watch the band march off the line
The Hα emission line stays fixed at 656.3 nm. The passband does not. As the system speeds up, the 
band slides blue and the line drifts toward the shoulder of the filter’s transmission curve. By f/2, the 
band is also lower and visibly wider. Not only does the CWL move blue, but the spectral shapes degrades 
as well.

Figure 4: Modeled passband profiles at each focal ratio, from the measured center wavelength, bandwidth, and peak transmission at that ratio.

Focal Ratio Cone half-angle Wavelength

f/5 5.7 -0.32nm

f/4 7.1 -0.62nm

f/3 9.5 -1.10nm

f/2.5 11.3 -1.57nm

f/2 14.0 -2.35nm



Figure 5 : Transmission at the Hα line, 
by bandwidth, across focal ratio.

The loss lands on the emission line
A 3 nm Hα filter transmits 72% at the line at f/3 and 33% at f/2. A wider band rides through the shift with 
less damage: an 8 nm filter still transmits about 81% at f/2.

This is the counterintuitive part. A tighter filter is supposed to improve signal-to-noise. On a fast scope, 
the tight filter throws away two thirds of the line at f/2, while the wider one keeps most of it. Bandwidth 
is no longer just a contrast knob once the system is fast.
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33%
of Hα light passes through a standard 3 nm filter at f/2

Wider is forgiving, but not free

Simply switching to a wider filter is a workaround, not a fix. It trades away the background rejection and 
contrast that narrowband imaging is chosen for in the first place. The better answer is a filter designed 
for the cone it will actually operate in.

Tighter band (3nm) Wider band (8nm

Advantage Higher contrast against 
skyglow and continuum; 

cleanest isolation of the line

Tolerant of fast cones; more 
on line throughput at speed

Trade-off Most sensitive to focal-ratio 
shift

More background, lower 
contrast



The Fix: Design the Filter for the Cone
If the working focal ratio is known in advance, the collimated center wavelength can be placed 
deliberately to the red side of the target emission line. The fast cone then shifts the band down onto 
the line, exactly where it is needed. This is the same coating physics behind the shift, used on purpose 
instead of fought against. As-coated and measured in collimated light on a bench, this placement looks 
wrong. Dropped into the f/3 cone it was designed for, the band lands exactly on Hα.

Standard vs. f/3 optimized, at f/3
Both filters below are 3 nm Hα designs under the same f/3 cone. The standard filter has slid off the line 
and transmits 72% at the line. The f/3-optimized design sits on the line at 99%.
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Figure 6 : Same bandwidth, same focal ratio, same emission line. The only difference is whether the filter was designed for the cone.

+27 pts
more Hα signal at f/3, at the same 3 nm bandwidth
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Figure 7 : On-line transmission of an f/3-optimized Hα filter across the focal-ratio range.

Choosing the Right Filter
Wavelength changes the stakes
The shift scales with wavelength. At f/3, Hβ and OIII move about 0.7 nm, while Hα and SII move about 1.1 
nm. Red lines and tight bands are the most exposed to focal-ratio shift; OIII is the most forgiving of the 
common narrowband lines.

Throughput held across the range 
An f/3-optimized design holds about 99% on-line transmission through f/3 and 92% at f/2.5. 
Optimization is tuned to a target focal ratio, not a universal fix at every speed: push far past the target 
ratio and even an optimized filter gives up some ground. The practical takeaway is to match the design 
to the focal ratio actually in use.
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Match the filter to the system
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The first step is knowing the working focal ratio at the sensor, not the telescope’s native ratio. Focal 
reducers and correctors change the working ratio, and the filter sees the reduced cone, not the bare 
optical tube’s f-number.

Working Focal Ratio Recommendation

f/5 and slower Standard narrowband performs as rated. Choose bandwidth for 
contrast, not for shift.

f/4 to f/3 Watch tight 3nm bands and Hα and SII. Add bandwidth 
headroom or move to a fast-optimized design.

f/3 and faster Use a focal-ratio-optimized filter or accept a wider band. A tight, 
unoptimized filter will cost signal.

Figure 8 : Shift at f/3, by emission line.

This matters when planning a filter set. In an SHO set, Hα and SII carry more focal-ratio risk than OIII. If 
budget limits how many filters can be optimized, start with the red lines and the tightest bandwidths.
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What to Remember

What Chroma Offers
Chroma’s standard narrowband line covers Hα, OIII, and SII in 3, 5, and 8 nm bandwidths. Hα, OIII, and 
SII are also available as f/3-optimized designs, pre-placed so a fast cone lands them on the line with 
minimal shift and shape degradation. Hβ, NII, and He II narrowbands available as well.

Outside of these standard options, Chroma builds to the working system. Center wavelength, bandwidth, 
and focal-ratio optimization can be specified to an exact working f-number, with data available at multiple 
focal ratios on request.

Questions, or a fast system to spec?
Chroma can measure and match a filter to a specific working focal ratio and 

target lines. Get in touch to talk through what to spec.

Fast optics blue-shift a narrowband filter off the emission line.

The tighter the band and the redder the line, the bigger the hit.

The fix is choosing or specifying the filter for the actual working focal ratio.

Chroma can match a filter to a specific working f-number on request.
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“Man must rise above the earth — to the top of 
the atmosphere — for only thus will he fully 

understand the world in which he lives.”

Revision 1

— Socrates


