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Algol (β Persei) is the prototype eclipsing binary. This star is famous for its brightness changes every 2.867 (approx.) days.
Modern observations have revealed that Algol’s period is not perfectly constant. “Observed minus Calculated” (O–C) diagrams
show slight variations that are usually attributed to mass transfer between the stars in the Algol system, including possible third-
body effects. Algol has been popular long before modern astronomy. Ancient observers may have noticed Algol’s variability.
A debated example is an Egyptian “calendar of lucky and unlucky days,” which some researchers interpret as encoding Algol’s
changing brightness. If correct, this would represent an early form of astronomy from more than three millennia ago. This paper
investigates whether Algol’s modern O–C behavior is consistent with such ancient observations. By using a recent ephemeris and
O–C curve, then extrapolating backward in time and comparing with dates proposed from Egyptian records, we test how well
the modern model predicts historical cycles and explore what this implies about long-term monitoring as it relates to calculating
ephemerides.

Introduction

Ephemerides are highly popular tools in astronomy. They
provide predictions of recurring solar events such as eclipses,
transits, and orbital phases. They are highly accurate, which
allows us to calculate everything from spacecraft navigation
to monitoring of variable stars and eclipsing binaries1,2. How-
ever, despite their importance, ephemerides are often applied
as time-invariant formulas. This creates an important consid-
eration; an ephemeris may have limitations that are not con-
sidered as part of its algorithms.

It is well-established that ephemerides are limited in
their long-term accuracy. Planetary ephemerides such as
DE405/LE4053, DE440/DE4414, INPOP10a5, EPM6, and
VSOP877 are all constructed using observational datasets over
finite time intervals. It has been shown that over long-time
scales, these small uncertainties can accumulate and reduce
the precision of these models when extended far into the past
or future8,9. Furthermore, due to cumulative dynamic effects,
long-term Solar System studies have similarly demonstrated
that orbital solutions become increasingly uncertain when ex-
trapolated across thousands of years10. O–C analyses are
therefore commonly used to track long-term deviations be-
tween predicted and observed eclipse timings11.

This study builds on those established ideas by apply-
ing them to the historical problem of extrapolating Algol’s
ephemeris backward more than 3,000 years for comparison
with the Cairo Calendar. Rather than proposing that tempo-
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ral validity limits are a new concept, this paper argues that the
same caution already used in planetary ephemerides should
also be considered in long-baseline historical studies of vari-
able stars.

To illustrate this, a widely used modern ephemeris for Algol
is compared, under a set of modeling assumptions, with recon-
structed dates from the Late Bronze Age. The differences that
arise are not seen as failures of the ephemeris. Instead, they
suggest that long-term predictions could benefit from clearly
defined ranges of time validity, similar to what is done in other
time-dependent scientific models12,13.

Introduction to Algol

Algol (β Persei) is one illustration of this issue. Algol’s orbital
period of approx 2.867 days shows measurable variations1,14.
These variations are commonly attributed to mass transfer and
light-time effects from a tertiary companion14,15. Modern
ephemerides for Algol describe its eclipse timings over the
decades or centuries. However, when these same formulas are
extrapolated across larger periods, the predictions may diverge
from observations.

Introduction to Cairo Calendar

In order to compare the model ephemeris with historical
records, this study uses the Cairo Calendar as a historical
dataset. The Cairo Calendar (Fig 1, 2, 3) is a late Bronze
Age Egyptian document that labels each day of the year as
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Fig. 1 Cairo Calendar showing daily “good” and “bad” markings
used to identify dates (e.g., Thoth 3) for comparison with Algol’s
predicted phases.

“good,” “bad,” or mixed. The calendar has been analyzed in
both Egyptian studies and astronomy16,17.

The Cairo Calendar had a fixed 365-day year without leap
years, which caused it to drift18 compared to the solar year.
Later reconstructions estimate that the year began on a month
named ‘Thoth 1’, which is often approximated to late summer
(late August18 in the proleptic Julian calendar). However, this
alignment is uncertain and depends on the model used.

In this study, the third day of Thoth (Thoth 3 highlighted in
Fig 1), classified as an unfavorable (“bad”) day, as it is marked
by what is believed to be the symbol for a ‘Bad’ period (Fig.
3). Thoth 3 will serve as a reference point for comparison.
This choice gives a consistent historical day marker across all
reconstructed years without implying a unique link to a spe-
cific solar date.

Note that the idea that the Cairo Calendar matches the vari-
ability of Algol is debated and serves here as a motivating hy-
pothesis16,19 rather than an established premise.

Methods

This study includes multiple steps.

1. Step 1: A reference epoch for Algol is established using
modern observations.

2. Step 2: Cairo Calendar dates are mapped to the proleptic
Julian calendar using a multi-anchor-year approach that

Fig 2 & 3 Symbols for good (Fig 1, left) and ‘bad’ (Fig 2, right)
days in the Cairo Calendar.

accounts for calendar drift.

3. Step 3: The resulting dates are then converted to Julian
Date (JD), which serves as the input to the ephemeris
(next step).

4. Step 4: An ephemeris is applied to predict the eclipse
timings and phases for Algol.

5. Step 5: Using an O-C framework, these predictions are
compared with Cairo Calendar dates to evaluate the va-
lidity of the ephemeris over a long timeframe.

Establish Algol’s Reference Epoch

We need to define an anchor point for this study. In order to
do this, we will adopt Algol eclipse timing (when Algol was
dimmest) from published O–C analyses1,2. This will be our
modern-day reference eclipse and occurred on July 26, 1982
at 21:44 UT (Universal Time).

To standardize calculations across large timeframes, the ref-
erence epoch is expressed in Julian Date (JD), a continuous
astronomical timescale used throughout this analysis20. The
primary minimum of Algol on July 26, 1982, at 21:44 UT cor-
responds to JD 2,445,177.40 and serves as the baseline for all
later calculations.

Chronology and Calendar Conversion

To compare the Algol predicted phase with dates from the
Cairo Calendar, Egyptian civil dates must first be converted
into a continuous astronomical time system. The Cairo Cal-
endar consisted of a fixed 365-day year without leap years,
causing it to drift18 relative to the solar year by approximately
one day every four years.

Previous studies of the Egyptian calendar, along with analy-
ses of the Cairo Calendar, suggest that Thoth 1 can be approx-
imated to late August in the proleptic Julian calendar during
the Late Bronze Age. This correspondence, however, is not
exact and depends on the reconstruction method used. As a
result, any conversion between Egyptian calendar dates and
Julian dates carries an uncertainty in the magnitude of days.
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Anchor-Year Modeling and Calendar Drift

To account for uncertainty in calendar alignment, we use a
multi-anchor-year approach vs. relying on a single fixed date.
We will select these anchor-years within the estimated date
range of the Cairo Calendar (1244–1163 BCE)16, and for each
of the anchor years, Thoth 3 is taken to correspond to August
31 in the proleptic Julian calendar.

For years occurring after our anchor year in the sample, the
August 31 date is adjusted to reflect the known drift. Because
the Egyptian calendar shifts by roughly one day every four
years relative to the solar year, the corresponding Julian date
is offset from the anchor value based on the number of years
separating them. For example, an eight-year difference pro-
duces a shift of about two days, while a twelve-year difference
results in a shift of roughly three days.

This approach keeps the calendar date itself fixed (Thoth
3) while allowing its position within the solar year to change
in a way that reflects the calendar’s underlying behavior. Re-
peating the analysis across multiple anchor-year models then
makes it possible to evaluate how sensitive the results are to
the initial alignment assumption.

Conversion to Julian Date (JD)

For each Julian calendar date, the corresponding Julian Date
(JD) is calculated using standard astronomical conversion
methods. All dates are presented using the proleptic Ju-
lian calendar, which extends the Julian calendar backward in
time before its historical introduction, ensuring a continuous
timescale. These conversions apply to dates that occurred be-
fore the introduction of the Gregorian calendar in 1582.

For BCE dates, astronomical year numbering is used, so 1
BCE is year 0 and 2 BCE is year -1. Since the Cairo Calen-
dar does not specify times of day, each reconstructed date is
assigned a time of 00:00 UT. This introduces a possible uncer-
tainty of up to ±0.5 days in the reconstructed timing. The total
uncertainty in reconstructed dates falls within ±1–2 days.

The calculated JDs are used in calculating the ephemeris.

Calculating the Ephemeris

An ephemeris is a mathematical equation that is widely used
to predict the timing of planetary events. It is important to
note that every ephemeris is unique, depending on the astro-
nomical body. For variable stars, the ephemeris gives us the
time between minimum and maximum brightness. The stan-
dard quadratic form1,20 used in modern studies of eclipsing
binaries is below

T (E) = T 0+PoE +aE2

where:

• T(E): The predicted time of eclipse for a given cycle E

• T0: Is the reference eclipse time we calculated earlier (JD
2,445,177.40)

• P0: Is the mean orbital period

• aE2: This represents long-term period evolution, a com-
bination of mass transfer and / or light-time

• effects from Algol C

The values and coefficients6 adopted in this analysis are:

Po = 2.867315 days

a = 1.40×10−9 days/cycle2

This ephemeris fits observations extremely well over the
timespan of the modern dataset. The goal of this paper is to
test how well such a model performs when extrapolated over
several millennia.

Phase Calculation Procedure

For each Julian Date, we compute the corresponding cycle
number E in relation to the reference epoch. We then cal-
culate the predicted eclipse timing (T(E)) using the ephemeris
model. We determine the phase of Algol by comparing the
reconstructed Julian Date with the predicted cycle timing.

Phases are understood in relation to the primary minimum
(phase 0 or 1), with 0 being Algol’s dimmest state. As the
phase increases, it indicates brighter states. Since the light
curve is continuous, we consider phase classifications to be
approximate rather than strictly binary.

Phases within ±0.1 of 0.0 (or equivalently 1.0) are classi-
fied as near primary minimum (dimmest state). Larger devia-
tions correspond to progressively brighter phases.

Sampling Strategy (Thoth 3 Selection)

The analysis looks at dates related to Thoth 3, which is marked
as an unfavorable (“bad”) day in the Cairo Calendar for morn-
ing, afternoon, and evening. A set of ten historical years is
chosen from the estimated calendar timeframe, with roughly
equal spacing throughout the timeframe of the Cairo Calendar.

Choosing Thoth 3 as our anchor date gives a steady ref-
erence point for all modeled years. This does not suggest a
unique link with Algol’s changes. The sample of ten dates,
spread across the estimated timeframe of the Cairo Calendar,
is meant to show behavior across the interval instead of pro-
viding a complete statistical test. Therefore, the results should
be seen as a demonstration based on sensitivity, not as a formal
statistical analysis.

© The National High School Journal of Science 2026 | 3



Sensitivity Analysis Framework

Because both calendar alignment and ephemeris extrapolation
introduce uncertainty, the results are interpreted within a sen-
sitivity framework. Differences between predicted phases and
Cairo Calendar classifications may arise from multiple factors,
including calendar reconstruction uncertainty, limitations of
the quadratic ephemeris model12,15, or the possibility that the
calendar does not encode Algol’s variability.

Given Algol’s orbital period of approximately 2.867 days,
even small uncertainties in reconstructed dates (±1–2 days)
correspond to phase shifts of approximately 0.35–0.7. By
comparing results across multiple anchor-year models, this
study evaluates how strongly conclusions depend on under-
lying assumptions rather than attempting to establish precise
historical agreement.

Results

Algol phase predictions were computed for ten selected years
within the estimated span of the Cairo Calendar under three
anchor-years: 1244 BCE (early), 1208 BCE (midpoint), and
1172 BCE (late). For each model, Julian Dates were calcu-
lated using known calendar drift, and the corresponding Algol
phases were determined using the widely accepted ephemeris.
The complete set of results is provided in Appendix A, and the
computational notebook is available upon request.

Across all three anchor-year models, the predicted phases
show limited agreement with the Cairo Calendar classification
for Thoth 3. The proportion of cases in which predicted phases
align with the “bad” designation ranges from approximately
20% to 30%, depending on the selected anchor-year model.

While the specific phase values vary across anchor assump-
tions, the overall pattern of limited agreement remains consis-
tent. This consistency indicates that the observed mismatch is
not solely an artifact of a particular anchor-year assumption.
Instead, it persists across a range of plausible calendar align-
ments.

However, this result does not uniquely identify the source of
the discrepancy. The mismatch may arise from uncertainties
in calendar reconstruction, limitations in long-term ephemeris
extrapolation, or the possibility that the Cairo Calendar classi-
fications are not directly related to Algol’s variability.

Discussion

The O-C mismatch between predicted Algol phases and Cairo
Calendar classifications may be caused by a few different rea-
sons. First, the lack of certainty in the Cairo Calendar to Julian
calendar mapping leads to potential date offsets of about ±1
to 2 days. This can cause significant phase shifts. Second,
the ephemeris itself might gather errors when stretched over

long timescales due to unmodeled or changing astrophysical
processes. Third, the Cairo Calendar reflecting Algol’s vari-
ability might be incorrect.

The multi-anchor-year approach used in this study partly
tests how sensitive the results are to assumptions about calen-
dar alignment. The sustained mismatch across all anchor-year
models suggests that the differences are not just due to one
calendar alignment choice. However, this analysis does not
pinpoint the relative impact of each factor and does not clearly
identify the source of the discrepancy.

The O-C comparison of predicted Algol phases to the Cairo
Calendar does not assume that the calendar clearly records Al-
gol’s variability. Instead, the calendar serves as a comparative
dataset based on a proposed but debated interpretation. Be-
cause of this, any mismatch observed cannot be solely linked
to errors in the ephemeris. It may also reflect limits in how
the calendar has been historically interpreted or a mix of both
issues. This analysis, therefore, looks at consistency under a
set of assumptions rather than testing one clear hypothesis.

Over many years, factors like mass transfer variabil-
ity14,21 and third body effects can change the system’s or-
bital movement. These changes can lead to variations from
the ephemeris and lower accuracy for long-range predictabil-
ity12,22.

We note that our conclusions are very sensitive to calendar
alignment, and model assumptions are not dependable over
long time periods. These findings match what is known in
ephemeris modeling, where it is understood that predictive ac-
curacy declines outside the period used for calibration12,13.

One outcome of this study is that ephemerides should be
treated as time-limited models rather than universally valid
predictors. This limitation is already implicit in studies of or-
bital dynamics13,22 and ephemeris construction, where long-
term extrapolation is known to accumulate uncertainty due to
both measurement error and unmodeled physical processes.

Several approaches could be applied to ephemerides for
eclipsing binary. First, ephemerides can be accompanied by
formal validity intervals. This is similar to those already used
in planetary ephemerides, where models are calibrated over a
defined observational baseline and are not assumed to remain
accurate beyond it12,13.

Second, instead of a single model15,21,23 ephemerides could
be used to reflect changes in system behavior over time, par-
ticularly in systems affected by variable mass transfer or third-
body interactions.

A third approach is to incorporate uncertainty propaga-
tion12,22 directly into the ephemeris, allowing the predicted
phase error to grow as a function of time from the reference
epoch. Under this framework, a practical predictive horizon
can be defined as the interval over which the phase uncertainty
remains below a chosen threshold (e.g., ±0.1 in phase).

Together, these approaches shift ephemerides from static
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formulas to time-dependent predictive models with explicit
limits, improving both transparency and long-term inter-
pretability.

Conclusion

This study examines the behavior of a modern Algol
ephemeris when extrapolated across millennial timescales and
compared with reconstructed dates from the Cairo Calendar.
The results show very little agreement between O-C predicted
phases and historical classifications, with this mismatch re-
maining consistent across multiple calendar alignment meth-
ods.

These findings suggest that long-term discrepancies are not
solely the result of a single modeling choice, but instead reflect
the combined effects of calendar uncertainty and the inherent
limits of ephemeris extrapolation. More broadly, this analysis
supports the view that ephemerides are powerful but tempo-
rally limited. When applied far beyond their calibration, even
small uncertainties can accumulate into large phase errors.

Accordingly, published ephemerides would benefit from
more explicit treatment of their validity. This includes defin-
ing validity ranges, documenting underlying assumptions,
and incorporating uncertainty growth over time. Such prac-
tices would improve the reliability and interpretability of
ephemerides, particularly in applications involving long-term
extrapolation.
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Appendix A

Table 1. O-C data using 1244 BCE as anchor year.

Fig. 4. Calculated Algol phase using 1244 BCE as anchor year.
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Table 2. O-C data using 1208 BCE as anchor year.

Fig. 5. Calculated Algol phase using 1208 BCE as anchor year.
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Table 3. O-C data using 1172 BCE as anchor year.

Fig. 6. Calculated Algol phase using 1172 BCE as anchor year.
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