
Design 
The definition of the day is the time it takes for the earth to rotate around its axis so that the sun 

appears in the same place (with some small differences due to the seasons) however as earth orbits 

around the sun the time it takes the stars to have an apparent full rotation is about 4 minutes less 

than a day this is called the sidereal day. 

The purpose of this experiment is to produce an estimate for the length of the sidereal day I did this 

by taking two photos 90 minutes apart as seen in the observations section. 

The camera settings and reasons for their choice are as follows: 

• Exposure – 60s (allows most light to enter the camera as it is the maximum for the camera) 

• Aperture – 3.5 (largest opening allows for most light to enter the camera important when 

photographing stars) 

• Focal length – 14 mm (focused at infinity) 

• No flash 

• Dimensions 4000 x 3000 pixels 

• ISO-100 

The equipment is as follows: 

• Camera (Micro 4/3 format Panasonic Lumix) 

• Tripod 

• Time keeping device (I used my phone as it has an accurate time for British summer time) 

Observations 
Conditions: 

Location - 53.880, -0.7063 

Date - 31/08/22 

Time – 22:10, 23:40 BST 

Weather – some cloud only affecting first photo 

Antoniadi scale – III 

 



 

The photos were the inverted and had the contrast increased so they could be seen easier. 

 

 

Analysis 
I used gimp (open-source photo editing software) to find the coordinates of 18 stars in both photos 

recording them in a spreadsheet. Using the spreadsheet, I calculated the: distance to the centre of 

rotation (in pixels); distance between first and second photos (in pixels) and the angle (in radians). 

More details in appendix 1. 

The centre of rotation was not the position of Polaris as it is about two thirds of a degree off the 

north celestial pole. Thus, the centre of rotation had to be calculated more detail in appendix 2. 

The spreadsheet below shows the results and calculations to find the angle for each star and the 

average angle. 

The stars were identified using the online version of Stellarium as seen in the pictures below. 



 

 

The average angle in radians was calculated to be 0.394 from this I calculated that the sidereal day is 

24 hours 5 minutes more detail in appendix 3. 

Evaluation 
Using the equation below to find the error. 
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Where: 

P = sidereal day 

ΔP is the error 

T is the time 

ΔT is the error 

a is the measurement of the angle  

Δa is the error 

 

ΔT is approximately 3 seconds 



Δa is approximately 0.25 degrees 

Giving an error of + or – 16.03 minutes which is much larger than the 4 minute difference I am trying 

to measure. to increase the accuracy, I would try taking longer photos or photos at the same time in 

two different days. The experiment could also be repeated for more accuracy. An interesting point 

to note is that the length of the sidereal day can be calculated from the length of the year which 

using 365.25 days as the length of the year gives 23 hours 56 minutes as the length of the sidereal 

day which is much more accurate than the figure calculated from the photos. 

Appendices 
Appendix 1) 

Starting by rearranging the cosine rule so that theta is the subject: 

𝑐2 = 𝑎2 + 𝑏2 − 𝑎𝑏cos⁡(𝜃) 

𝑎𝑏cos⁡(𝜃) = 𝑎2 + 𝑏2 − 𝑐2 

cos(𝜃) =
𝑎2 + 𝑏2 − 𝑐2

𝑎𝑏
 

𝜃 = cos−1(
𝑎2 + 𝑏2 − 𝑐2

𝑎𝑏
) 

As ABC is a isosceles triangle b can be replaced by a in the equation. 

𝜃 = cos−1(
2𝑎2 − 𝑐2

𝑎2
) 

This equation was used in the spreadsheet in the analysis. 

 

Appendix 2) 

The centre of rotation was calculated by first finding the equations for a line connecting the start 

and end position of two stars (Polaris and Yildun) then finding the equations a line perpendicular 

going though the midpoint and the finding the intersection of these two lines as can be seen on the 

diagram below. 
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The same calculation for the second star: 
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Appendix 3) 

Rotation In radians: 

𝜃 = 0.394 

Rotation In degrees: 

𝜃 = 22.57 

Rotation Per hour: 

𝜃 = 15.05 

Rotation Per day: 

𝜃 = 361.19 

Rotation per day in hours: 

𝜃 = 24.08 

In hours and minutes: 

24 hours 5 minutes 


