05 — Aperture Calculation

Purpose, method, inputs, outputs, equations, assumptions, sources, and validation

1. Purpose

aperture_toolkit.py is a standalone Python script that calculates the minimum telescope aperture needed for an
average visual observer, under fixed observing conditions, to detect or resolve each object in a constellation catalog
spreadsheet. It replaces manual, per-object aperture judgment with a repeatable, auditable calculation that any future
spreadsheet can be run through without rebuilding the underlying logic.

2. What the Script Does

The script reads a spreadsheet, examines each row's object Type code, and routes it to one of three physics-based
calculation modules (point source, extended object, or dark nebula). It writes the computed aperture into the mApt
column, rounded up to the nearest standard commercial telescope size. Any row that cannot be calculated — due to
missing data, a physically unresolvable configuration, or an object too faint to see from the assumed sky — is written as
“Err,” highlighted yellow, and given a cell comment explaining the specific reason. A dark nebula that computes
successfully but is large enough to warrant a field-of-view caution is reported in the console summary only, without a
highlight, since it is not a problem.

3. Inputs Expected

Column Content Required by

ID, Type Identifier and object-type code (routes the calculation) all rows

Magnitude / Primary and companion/range magnitude (99, 99.0, O treated point-source module

Magnitude 2 as blank)

Separation Pair separation, arcseconds double/multiple stars

Surface Brightness | Object mean surface brightness, mag/arcsec? extended-object module

Size Angular size, arcmin (single value or “AxB,” reduced to V(A-B)) extended object, dark nebula,
planetary-nebula routing

M Class Overloaded column; only an “Opacity=N" (1-6) tag is read dark nebula module

mApt Output column, overwritten for in-scope rows —

Routing by Type: Star, CS, DS/Dbl/MS-X, and OC go to the point-source module; PN smaller than 15" also goes there,
larger PN and GC go to the extended-object module; DN goes to the dark-nebula module; AS is skipped; unrecognized
codes are left untouched.

4. Values Calculated

The single output is mApt: an integer aperture in millimeters from the ladder 50, 60, 70, 80, 102, 114, 130, 150, 180,
200, 250, 300, 350, 400 (always rounded up), or the string “Err.” It represents the smallest commercially available
aperture at which an average visual observer could reliably detect (or, for pairs, resolve) the object under the fixed
assumptions in Section 6 — a planning estimate, not a guarantee.



5. Equations and Variables

Module 1 — Point sources (stars, pairs, cluster members)
Dmin = 1.2 X 10*[(m — 2.25) / 5]
Dies = (138 / 6) X P(Am), P(Am)=1 (Am<1.5); 14+0.5(Am—1.5)/2.5 (1.5<Am<4); 1.5 (Am=4)
m = target magnitude; 0 = separation (arcsec); Am = magnitude difference between components; Dmin/Dres =
detection/resolution aperture (mm). Pairs report max(Dmin at the fainter star, Dyes). Open clusters use m = integrated
magnitude + 4.0; carbon stars use the mean of the magnitude range.
Modules 2 & 3 — Extended objects and dark nebulae (shared threshold engine)
C =10"[-0.4(no" — 21.0)] (Module 2, object vs. sky)
C = (1—-)XBstars/(BstarstBsky)  (Module 3, dark patch vs. star field)
C_th = Coo X (1 + 8_R/0)?, Co0o=0.05x10"[0.2(u_bg—21)], 6_R=40"x10"[0.1(u_bg—21)]
Dpmin = 6.0 X 0_req / 6,";

Wo°; = object surface brightness; 8,° = object angular size (arcmin); f = fraction of background light transmitted through
a dark nebula (from opacity class); Bstars, Bsky = star-field and sky flux; C = contrast presented to the eye; C_th = eye's
threshold contrast at apparent size 6 and background p_bg; Coo = threshold at very large size; 8_R = size at which the
threshold curve bends; Dmin = minimum aperture, found at the optimal 6 mm exit pupil. Module 2 reports “Err”
outright when W% > 23.5 (the impossibility floor).

6. Assigned / Assumed Values

Variable Value Basis
Personal constant 2.7 Typical average-observer constant in the classical m=C+5log;oD relation; folds in
(M1) ~85% optics and near-optimal power
Sky / Bortle class Bortle 4 User-selected observing site
(u=21.0; ALP
+0.3 for M1)
Altitude 45° (Aext Representative target geometry
+0.15)
Averted vision none (0.0) Represents an average, not expert, observer
Aperture margin (M1) | x1.2 Midpoint between bare threshold and comfortable viewing
Resolution criterion Rayleigh, Conservative vs. Dawes, not seeing-dependent
138/6
Seeing floor 0.5” Pairs tighter than this are unresolvable in practice; flagged rather than computed
Eye pupil 6.0 mm Typical dark-adapted middle-aged observer
Telescope 0.80 Typical commercial optics throughput
transmission
Safety factor F 2.0 Converts 50%-probability lab thresholds to reliable field detection
Impossibility floor 23.5 Object fainter than ~2.5 mag/arcsec? below sky is undetectable at any aperture
(M2) mag/arcsec?
Milky Way field (M3) 21.5 Representative bright star-cloud background for dark-nebula fields
mag/arcsec?
Opacity—>extinction class 1-0.5 Ordinal Lynds classes mapped to approximate visual extinction
(M3) ... 6>6.0 mag
PN routing size 15" (0.25') Boundary below which a planetary nebula behaves as a point source




7. Web and Literature Resources Used

The equations are not original derivations; they operationalize published visual-astronomy models identified through
targeted research at each stage of development:

+ Schaefer, B.E. (1990), PASP 102, 212 — telescopic limiting-magnitude theory underlying Module 1.
* Rayleigh (1879) and Dawes (1867) — the diffraction resolution criteria; Rayleigh's was adopted.

» Blackwell, H.R. (1946), JOSA 36, 624 — the foundational human contrast-threshold laboratory data used by
Modules 2 and 3.

+ Clark, R.N. (1990), Visual Astronomy of the Deep Sky — first application of Blackwell's data to deep-sky visibility.
* Crumey, A. (2014), MNRAS 442, 2895 — analytic contrast-threshold model adopted for Modules 2 and 3.

* Lynds, B.T. (1962), ApJS 7, 1, with extinction calibration from Dobashi et al. (2005), PASJ 57, S1 — the opacity-
class-to-extinction mapping.

* Leinert etal. (1998), A&AS 127, 1, and Toller (1990) — integrated Milky Way starlight photometry anchoring the
frozen dark-nebula field brightness.

* Bortle, J.E. (2001), Sky & Telescope, Feb. 2001 — the sky-darkness scale used to fix site conditions.

Each source was located via web search during the model's development, read for its quantitative content, and
reduced to the closed-form constants and equations embedded in the script; the script itself makes no live web
requests and depends on no external service at runtime.

8. Data Integrity Validation

Benchmark self-check. Running the script with --validate executes a fixed suite of known-outcome test cases — well-
documented objects (M13, M51, M81, M101, Abell 72, a benchmark dark nebula) whose real-world visibility is
established in the amateur and academic literature — and compares the script's output against the expected result. All
must pass before any spreadsheet run is trusted; a mismatch signals the equations or constants have drifted from the
validated design.

Structural checks at runtime. The script verifies all required columns exist before processing, tolerates values stored as
text, and treats known placeholder values (magnitude 99 or 0) as blank rather than real data.

Explicit failure over silent guessing. Whenever a required input is missing, a pairing is physically unresolvable (sub-0.5"
separation), or an object falls below a detectability floor, the script writes “Err” with a specific, human-readable reason
rather than substituting an assumed value or omitting the row silently. This makes every gap in the source catalog
visible for the user's own follow-up rather than absorbed invisibly into a computed number.

User responsibility. The script cannot detect an input that is simply wrong but plausible (e.g., a mistyped separation
that still exceeds 0.5”, or a surface brightness transcribed incorrectly). The accompanying usage guide recommends
spot-checking flagged and unusual results against known observing experience, particularly when a filename repeats
across sessions, since repeated names do not guarantee identical contents.

9. Logic for Incorporating Source Data

The three modules were selected because they represent the governing physical regime for each object class, not
because a single formula was fitted to all data: point sources are limited by total light gathered (Module 1); extended
objects and dark nebulae are limited by contrast against a background that dims identically with the object (Modules 2
and 3, sharing one threshold engine with the contrast sign inverted for negative-contrast dark nebulae). Where the
literature offered competing formulations (e.g., Dawes vs. Rayleigh; Clark's vs. Crumey's contrast calibration), the more
conservative or better-validated option was adopted and documented, and the resulting free constants (Section 6)
were anchored either to a physical quantity from the literature or to a defensible mid-range engineering estimate, each
labeled accordingly in the toolkit's full technical description. Every constant is centralized at the top of the script rather
than embedded inline, so any future refinement of a source value can be updated in one place and immediately re-
verified with --validate.





