
On the orientation of medieval churches in Cambridgeshire: what links exist concerning the alignment of churches?

Introduction
[bookmark: _Hlk46843326]  It is perhaps easy to neglect the spatial significance of a location or building when the directions of a compass are rarely mentioned in everyday conversations. Be this as it may, some buildings – both old and new – do take into consideration the finer details of directional orientation, particularly those used for liturgical reasons. This concept is considered in detail with regards to churches within specific localities by various scholars - Ali & Cunich, 2005; Brady et al, 2017; Gangui, 2016; and Hinton, 2016, amongst others – and a common presumption makes an appearance, even only as impetus, across the various studies; churches are aligned to face the east for the sunrise. Under this pretence, all churches would be expected to be orientated in the same direction, no matter the placement, parallel to one another. This is expressed by William of St Cloud, a French astronomer, who noted that “churches should be founded along [an east-west] line, since the true East signifies our Lord Jesus Christ”.[footnoteRef:1] This, however, is not the case – not every church faces exactly east. This paper investigates the alignments of churches within the English county of Cambridgeshire by measuring the headings of each church nave to ascertain the true azimuth which corresponds to calculate the declination and the day that alignment will face the sunrise. [1:  Harper, 1966, p.108/210, in McCluskey, S.C., ‘Orientation of Christian Churches’, in Ruggles, C. (ed.) Handbook of Archaeoastronomy and Ethnoastronomy (2015), p.1704] 


Literature Review
  The topic of church alignments has been covered in numerous papers, segregating different localities or particular sects of church architecture. Chronologically, most attribute a poem by William Wordsworth as an instigator for the presumption that a church would face East. Wordsworth’s nineteenth century poem states:
“Our churches, invariably perhaps, stand east and west, but why is by few persons exactly known; nor that the degree of deviation from due east often noticeable in the ancient ones was determined, in each particular case, by the point in the horizon at which the sun rose upon the day of the saint to whom the church was dedicated.”[footnoteRef:2] [2:  Wordsworth, 1896, pp. 114-116, in Ali & Cunich, ‘The Orientation of Churches: Some New Evidence,’ The Antiquaries Journal, (2001) p. 155] 

  This may be poetic licence, and it is unknown what sources Wordsworth had for this claim. Simon Domville in the seventeenth century indicates that a vigil watched for sunrise on the feast day of the patron saint and thus the altar and church would be aligned to match the sunrise.[footnoteRef:3] At Rydal, the theory of patronal saint feast day sunrise stands presumably correct, with measurements indicating such a medieval custom.[footnoteRef:4] This was, however, only the first site with statistical proof, prior to which the concept must have been taken on trust of the authors’ words, as Hinton indicates Wordsworth also used untruths owing to the nature a Poet’s calling.[footnoteRef:5] This concept then became observation and proof but might not have had a liturgical reasoning or been a standard representation of church alignments elsewhere. [3:  Domville, in Johnson, W., ‘Byways in British Archaeology’, Cambridge University Press: Cambridge (1912) p.225]  [4:  Hinton, I., ‘The Alignment and Location of Medieval Rural Churches’, BAR Publishing. (2016) p. 9]  [5:  De Selincourt, in Hinton, p.11] 

  In terms of liturgical reasoning, many studies comment on the Bible and any passages that mention the East but Hinton does make the commendable point that the emphasis on building orientation is not present even in the New Testament, but the fact remains that there is a significance to Christians regarding the East as a focal point, as the second coming shall come from the East (Acts 1:11, Matthew 14:27) as well as God being positioned in the East of the Garden of Eden (Genesis 3:24).[footnoteRef:6] The tradition of the orientation of East pre-dates even Christian worship, found in Vitruvius’ 1st century B.C. work[footnoteRef:7], but the Christian tradition of facing East is founded on facing that direction for prayer and to symbolise the location of the rise of Christ upon resurrection, yet the variance by which churches are aligned ‘easterly’ can be as great as 110° according to Allen’s 2016 article of churches in Wales. Results concurred with some similar previous studies, pertaining to the unlikelihood of patronal feast day orientations. Studies in Wales generally seem to include an intentional concern for the landscape and the effect of landscape on the sun, such as a delayed sunrise. The conclusion does point out that there is a northern tendency to alignments in Britain, though not understood as to why this occurs. [6:  Hinton, p.3]  [7:  Vitruvius, in McCluskey, 2015, p. 1705] 

  Ali and Cunich (2001) also address the Wordsworth poems as impetus for church alignment investigations, quoting Shore (1886) and Eeles (1914) that there is no scientific basis for orientations and the sun’s position at sunrise on patronal feast days.[footnoteRef:8] Cave (1950) also conducted a study and concluded there is no connection, though there were methodological barriers with Cave’s investigation as there was no detailed list of sites and orientations, despite presumably taking the care to measure methodically.[footnoteRef:9] Studies at the same time as Cave were conducted by Cook and Benson which gave inclination to the practice of aligning churches to sunrise for a patronal saint  feast day with compelling evidence. The investigation by Ali and Cunich aimed to determine the use of a magnetic compass in church orientations, revealing that sightings of the sun, either at sunrise or sunset, was the most evident measure to align the churches. Ali and Cunich’s report concluded that, of their sample of 143 churches, approximately a quarter of the churches aligned with their patronal saint feast day while slightly under a quarter of the sample aligned to feast day sunsets. In addition, a larger number aligned with Easter day sunrise, while others aligned with magnetic east, Julian sunrises or sunsets, or were oriented topographically, and only 20 of the sample were unclassifiable. Ali and Cunich (2005) once again conducted an investigation into church alignments. Once again, the presumption of an east-west alignment was at the forefront of the investigation, eventually concluding that their sample of 18 churches provided quantitative evidence to amplify the presumption. This is a sample size similar to the investigation conducted in this paper, and while might indicate a common pattern is perhaps not indicative of a wider trend. [8:  Ali & Cunich, 2001 , p. 156]  [9:  Ibid.] 

  Key dates seem to play an important role in these studies, such as the patronal feast days, Easter, and the equinoxes. McCluskey notes the differing dates for the equinoxes according to the Romans, Greeks, and the incorporation of the zodiac, with a finalising view that March 21st be considered the consensus date.[footnoteRef:10] In addition to these, he observes an ‘eighth day’ of the week on March 25th which has held many momentous events; the beginning of the first week after Creation, the day that Gabriel revealed the coming of Jesus to Mary, and the day that Jesus died and was buried.[footnoteRef:11] [10:  McCluskey, S.C., ‘Calendrical Cycles, the Eighth Day of the World, and the Orientation of English Churches’, in Ruggles, C., Urton, G. (ed.), ‘Skywatching in the Ancient World: New Perspectives in Cultural Astronomy’, University Press of Colorado (2007) p.338]  [11:  Bede, in McCluskey, 2007, p.338] 


Methodology
  A sample of primarily 13th century churches were selected via an index[footnoteRef:12] of medieval historic churches in the Cambridgeshire area. Each of these, unless otherwise stated, are active churches providing services and a place of worship or prayer. Due to the 2020 Covid-19 pandemic and restrictions to travel, the investigation was carried out entirely using computer software. As such, physical attributes for each church, such as position of windows, have not been observed. Had this been possible, it might have been determined that windows were placed to use the sun’s light at an opportune time, fitting with the alignment. [12:  Historic Churches in Cambridgeshire | Britain Express. Available at:  https://www.britainexpress.com/counties/cambridgeshire/churches/index.htm] 

  Using Google Earth Pro, the latitude and longitude values for each church were recorded as well as the heading (true azimuth) to identify the direction that the congregation would be facing. For each church, the alignment is measured by drawing a line and taking a reading in degrees along the outer walls of the church from an overhead perspective. Two values are taken this way, and an average heading is used to assume the approximate heading for the nave/congregation. With the latitude and longitude, the values are entered into Hey What’s That, a website producing 360° panoramic view of the landscape and elevation/altitude values along the horizon. A spreadsheet provided by the lecturers in Cultural Archaeology and Astronomy from the University of Wales Trinity Saint David (Lampeter) inputs the values for latitude, elevation, and azimuth to produce a value for declination. The declination values correspond to dates of the Gregorian calendar year, indicating the date on which the church nave (and thus the congregation) would be facing the sunrise, taking into account the horizon landscape. Because the dates are according to the Gregorian calendar, approximately four days must be subtracted to fit with the Julian calendar when these churches were built.

Results
[For results table, please see Appendix 1, Figure 1]

  Initially, when measuring the churches’ true azimuths, it was simple enough to notice the deviations from true East (90°). From the complete data set, a number of distinctions can be made. Firstly, from this sample, the mean azimuth of all 16 churches comes out at 90.53°, indicating a church within Cambridgeshire would be likely to face almost directly East. The two churches with an azimuth over 100° have perhaps skewed this average, with the majority of the measurements being between 80° and 90°. Previous literary research, as mentioned above, suggested that the majority of British churches align slightly more north of east which holds true from this investigation. As to why this is, no clear evidence can be presented here. A primary assumption would be that variance is explainable due to the feast days of the saints to whom the churches are dedicated to. There are two aspects of church dedication that can impact the study of alignments, as highlighted by Hinton (2016); that a church was always dedicated to the same saint without rededication, or that churches with similar alignments were once dedicated to the same saint.[footnoteRef:13] Of the data set, there are a number of churches with similar dates but appear dedicated to a different saint. The topic of dedication, it seems, is a complicated one. Dedications may have been changed when a ‘lost’ or ‘forgotten’ dedication is discovered to have been the original, as may have occurred due to eighteenth-century antiquarians. Hinton comments that, in some areas, up to two-fifths of parish churches appear to have been rededicated at some stage in history but this cannot be attributed to a universal practice or common occurrence. Conversely, a church may not have had a dedication at all originally, which could explain any number of deviations in results, and while the church may not align to sunrise on a particular feast day, the stonemason concept of the first day of building might remain possible.  [13:  Hinton, I., ‘The Alignment and Location of Medieval Rural Churches’. BAR Publishing: Oxford. (2016)
p. 5] 

  The next distinction to be made are the dates that correspond to be around the vernal equinox, approximately dated at 20th March in the Gregorian calendar. While the Gregorian calendar has been in use in Britain since the late 18th century, the churches in this investigation were built prior to this with the use of the Julian calendar. Currently the Julian calendar is approximately thirteen days behind the Gregorian, so for each date value in the Gregorian calendar, thirteen days must be subtracted to give the Julian calendar day. Considering this, any correlation with the Gregorian calendar – provided the church did not undertake a drastic rebuild subsequent to the calendar change – would be coincidental, as this could not have been planned before the introduction of the Gregorian calendar. Julian dates of significance that would be expected to appear are the dates of the equinoxes (March 7th, September 9th), the March 25th (eighth day of Creation, as cited by McCluskey), and Easter Sunday. Naturally, the churches with an almost absolute East orientation (± 5°) are facing the sunrise on the vernal equinox almost exactly, which leads to the assumption that this was intentional. 
  There is evidence enough to indicate that being close to true east was an intentional decision in all churches measured for this investigation. The Church of the Holy Trinity in Hildersham, with an azimuth of 120.36° may be considered an outlier as it is 30 degrees south of East while the most northerly church was only 15 degrees north of East. The consistency with which alignments are close to 90° shows a universal trend that church builders, architects, and the Christian faith cohesively agree on an easterly alignment. Interestingly, but unsurprisingly to anyone who knows the land, the landscape of Cambridgeshire was distinctly unwavering. The horizon line for most landscapes was close to an altitude of 0, indicating near sea-level. With such a flat land, the sunrise position would be unaffected in the ways that forced churches in Wales, for example, to consider the peaks and troughs of the abundance of hills. Considering this, the church builders would have had an unobstructed view of the horizon if the sunrise placement had any effect on building.
  The next date of significance might be Easter Sunday. With Easter Sunday changing within a broad enough fixed bracket of dates, there could be a relationship between the churches’ alignment when it does not match with a feast day or the equinox. Easter, being the celebration of Jesus’ resurrection, would be intrinsically linked to the previously mentioned significance of churches facing East for the symbolism of sunrise and rebirth and, by extension, Jesus’ resurrection. Easter Sunday falls between March 22nd and April 25th, which is a large margin of 35 days. Out of the sixteen churches measured here, ten of them do correspond to dates within this bracket, thus depending on when specifically the church was built, it may have been built in accordance with this to match with services performed around Easter, facing East for the resurrection.
  An interesting point is made in Allen’s report that the contemporary emphasis on patterns and trends might be overstimulated, that medieval minds might not have obsessed over the minute details and discrepancies in the way some might today. While that is possible, the themes and trends exist – such as the favoured easterly orientation, even if slight deviations occur – and with such variance regarding the liturgical impetus for the easterly orientation, the measurements and analysis must speak for itself. Bible verses that pertain to the East may not be directly suggesting the buildings should face the East and yet the theme presides. With parallels stretching back to Vitruvius, it might be a theme borrowed from other practices where the sun played a key role in worship, due to the sun rising in the East.

Conclusion

  To summarise, the findings made apparent from this investigation are thus: 10 of the 16 churches were aligned slightly north of East; the mean azimuth was 90.53°, indicating a common – intentional – relationship with East; 9 of the 16 churches are orientated towards a sunrise within the window of Julian Easter dates (10 out of 16 if considering the contemporary Gregorian calendar).
  With so many studies investigating the singular topic of church alignments and the consistent themes of easterly orientation, it is apparent that there is a preference towards eastern orientations. The exact reasons why are the topic of some debate, with potential liturgy regarding the importance of East in Jesus’ resurrection, in prayer, and in God’s heaven emerging. However, the expectation that churches are aligned to face the sunrise on their patronal saint day is not supported here. 
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  While common themes such as the mean azimuth, the commonality of aligning slightly north of East, and facing easterly for the Easter dates are indicative of a trend, this sample size is simply not representative of a wider pattern. A further investigation of a greater survey size could reveal more to shed light on the topic, making differentiations between different geographical areas, Christian denominations, and more precise dates of building foundations.

	Church and Patronal Feast Day
	Latitude (°)
	Longitude (°)
	Azimuth (°)
	East elevation
	East declination
	West elevation
	West declination
	Calendar Date
(Gregorian)
	Calendar Date
(Julian)

	St Margaret’s, Abbotsley
Margaret – 16th November 
	52.193577
	- 0.205242
	74.15
	0.18
	9.78
	
0.36

	-9.35
	
Apr 15
Aug 28

	Apr 2
Aug 15

	Church of St Mary, Ickleton – 8th Sep
	52.072947
	0.179537
	74.78
	1.36
	10.37
	1.14
	- 8.37
	Apr 17
Aug 25
	Apr 4
Aug 12

	St John the Baptist’s Church, Parson Drove
24 June
	52.661673
	0.054121
	80.00
	- 0.04
	6.01
	0.01
	- 6.04
	Apr 5
Sep 7
	Mar 23
Aug 25

	All Saints Church, Conington – 1st Nov
	52.458315
	- 0.264316
	82.62
	0.06
	4.44
	0.62
	- 4.00
	Apr 1
Sep 11
	Mar 19
Aug 29

	St Mary’s Church, Willingham
8th Sep
	52.314644
	0.059445
	84.74
	- 0.04
	3.18
	0.14
	- 3.1
	Mar 28
Sep 14
	Mar 15
Sep 1

	St Andrew’s Church, Soham – 30th Nov
	52.333533
	0.336920
	86.45
	0.09
	2.24
	- 0.09
	- 2.24
	Mar 26
Sep 17
	Mar 13
Sep 4

	Holy Trinity Church, Bottisham
30th May
	52.220999
	0.261307
	88.41
	0.37
	1.27
	0.15
	- 0.86
	Mar 24
Sep 20
	Mar 11
Sep 7

	St John’s, Little Gidding
24th June
	52.421093
	- 0.344107
	89.59
	1.13
	1.15
	0.18
	- 0.11
	Mar 23
Sep 20
	Mar 10
Sep 7

	St Mary’s Church, Over
8th Sep
	52.317923
	0.012225
	89.84
	0.12
	0.19
	0.03
	- 0.07
	Mar 20
Sep 23
	Mar 7
Sep 10

	St Bene’t’s Church, Cambridge
Mar 21
	52.203625
	0.118421
	89.94
	1.62
	1.32
	0.36
	0.25
	Mar 24
Sep 18
	Mar 11
Sep 5

	Peterborough Cathedral
Peter - 29th June
	52.572548
	- 0.239208
	90.82
	- 0.08
	- 0.56
	0.19
	- 0.56
	Mar 19
Sep 24
	Mar 6
Sep 11

	St Mary’s Church, Ely
8th Sep
	52.398605
	0.259790
	91.25
	2.13
	0.93
	- 0.03
	0.74
	Mar 23
Sep 19
	Mar 10
Sep 13

	All Saints and St Andrew, Kingston 1st Nov/30th 
	520180733
	- 0.032599
	95.96
	0.08
	- 3.59
	0.44
	4.00
	Mar 11
Oct 2
	Feb 27
Sep 19

	Ely Cathedral
Etheldreda – 23rd June
	52.398724
	0.263581
	103.02
	0.01
	- 0.08
	- 0.08
	- 7.89
	Apr 10
Sep 2
	Mar 29
Aug 20

	All Saints Church, Buckworth – 1st Nov
	52.377127
	- 0.314761
	106.48
	- 0.03
	- 10
	0.28
	- 10.00
	Feb 23
Oct 19
	Feb 10
Oct 6

	Church of the Holy Trinity, Hildersham – 30 May
	52.116265
	0.255583
	120.36
	1.64
	- 16.72
	0.16
	18.21
	Feb 2
Nov 9
	Jan 20
Oct 27



Appendix 1, Figure 1: Above, table of results.



Appendix 2, Figure 1: Below, table of solar declination calendar dates.
##       Jan    Feb   Mar   Apr   May   Jun   Jul   Aug   Sep    Oct    Nov    Dec
## 1  -23.03 -17.21 -7.36  4.77 15.25 22.13 23.07 17.87  8.07  -3.41 -14.61 -21.89
## 2  -22.95 -16.93 -6.98  5.15 15.55 22.26 22.99 17.61  7.70  -3.80 -14.93 -22.04
## 3  -22.86 -16.64 -6.60  5.53 15.85 22.38 22.91 17.35  7.33  -4.19 -15.24 -22.18
## 4  -22.76 -16.34 -6.21  5.92 16.13 22.50 22.82 17.08  6.96  -4.57 -15.55 -22.31
## 5  -22.65 -16.04 -5.82  6.30 16.42 22.61 22.73 16.81  6.59  -4.96 -15.85 -22.44
## 6  -22.54 -15.74 -5.44  6.67 16.70 22.71 22.63 16.53  6.22  -5.34 -16.15 -22.56
## 7  -22.42 -15.43 -5.05  7.05 16.98 22.81 22.52 16.25  5.85  -5.72 -16.45 -22.67
## 8  -22.29 -15.12 -4.66  7.42 17.25 22.90 22.40 15.97  5.47  -6.10 -16.74 -22.77
## 9  -22.16 -14.80 -4.27  7.80 17.51 22.98 22.28 15.68  5.09  -6.48 -17.02 -22.87
## 10 -22.01 -14.48 -3.87  8.16 17.77 23.05 22.16 15.39  4.71  -6.86 -17.30 -22.96
## 11 -21.86 -14.15 -3.48  8.53 18.03 23.12 22.02 15.09  4.33  -7.24 -17.58 -23.04
## 12 -21.71 -13.83 -3.09  8.90 18.28 23.19 21.88 14.79  3.95  -7.62 -17.85 -23.12
## 13 -21.54 -13.49 -2.69  9.26 18.53 23.24 21.74 14.49  3.57  -7.99 -18.11 -23.18
## 14 -21.37 -13.16 -2.30  9.62 18.77 23.29 21.59 14.18  3.19  -8.36 -18.37 -23.24
## 15 -21.19 -12.82 -1.90  9.98 19.00 23.33 21.43 13.87  2.80  -8.73 -18.63 -23.29
## 16 -21.01 -12.47 -1.51 10.33 19.23 23.37 21.26 13.55  2.42  -9.10 -18.88 -23.34
## 17 -20.82 -12.12 -1.11 10.68 19.46 23.39 21.09 13.23  2.03  -9.46 -19.12 -23.37
## 18 -20.62 -11.77 -0.72 11.03 19.68 23.42 20.92 12.91  1.64  -9.83 -19.36 -23.40
## 19 -20.42 -11.42 -0.32 11.38 19.89 23.43 20.74 12.58  1.26 -10.19 -19.59 -23.42
## 20 -20.21 -11.06  0.07 11.72 20.10 23.44 20.55 12.25  0.87 -10.55 -19.82 -23.43
## 21 -19.99 -10.71  0.47 12.06 20.30 23.44 20.35 11.92  0.48 -10.90 -20.04 -23.44
## 22 -19.77 -10.34  0.86 12.39 20.50 23.43 20.16 11.58  0.09 -11.25 -20.25 -23.43
## 23 -19.54  -9.98  1.26 12.73 20.69 23.42 19.95 11.24 -0.30 -11.61 -20.46 -23.42
## 24 -19.30  -9.61  1.65 13.05 20.87 23.40 19.74 10.90 -0.69 -11.95 -20.66 -23.40
## 25 -19.06  -9.24  2.04 13.38 21.05 23.37 19.52 10.56 -1.08 -12.30 -20.86 -23.38
## 26 -18.81  -8.87  2.43 13.70 21.22 23.34 19.30 10.21 -1.47 -12.64 -21.05 -23.34
## 27 -18.56  -8.50  2.83 14.02 21.39 23.30 19.08  9.86 -1.86 -12.98 -21.23 -23.30
## 28 -18.30  -8.12  3.22 14.33 21.55 23.25 18.84  9.50 -2.25 -13.31 -21.40 -23.25
## 29 -18.04  -7.74  3.61 14.64 21.71 23.19 18.61  9.15 -2.64 -13.64 -21.57 -23.19
## 30 -17.77     NA  3.99 14.95 21.85 23.13 18.37  8.79 -3.03 -13.97 -21.73 -23.13
## 31 -17.49     NA  4.38    NA 22.00    NA 18.12  8.43    NA -14.29     NA -23.05
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