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Horizontal Shadow Plane Sundial

The purpose of the "Dialling Guides" is to provide an easy method for laying out the hour lines for a number of shadow plane sundials
located at various latitudes in either the Northern or Southern Hemispheres. The shadow plane sundials presented here are designed to
be used as interactive sundials.

There are a total of 81 "Dialling Guides" that cover the range of latitudes from 25° to 65° inclusive in increments of 0.5°. The "Dialling
Guides" are in the form of tables and provide the co-ordinates for a single point on each of the hour lines. The hour lines are provided in
increments of 5 minutes. The "Dialling Guides" are designed so the sundial will show local apparent or solar time.

Each "Dialling Guide" contains 2 sets of tables. As the sundials are intended for people there is information available to construct sundials
with east-west widths of 1 and 3 metres. The smaller layout can be used to construct a model while the larger layout can be used to
construct a sundial of any shape and size you want.

A shadow plane sundial has a gnomon that the user can move so that it, and its shadow, lie in the sun's hour plane. The particular
sundial presented here is a horizontal shadow plane sundial. Figure 1 illustrates the sundial. The layout of a horizontal shadow plane
sundial is not difficult. It is created from an ordinary horizontal sundial. The first step is to rotate the dial plate of a horizontal sundial 180°
about its origin. The gnomon is not rotated and remains in its original position. The hour lines are now in the positions shown in the
figure. Only some are shown and they are dashed as they probably would not exist in the real sundial. Points on the hour line or short
hour line segments are more likely to be used. The origin must also be marked. In place of the gnomon a post will be positioned on the
true north-south line. From this post will come a length of rope that is long enough to extend beyond the outer boundary of the sundial.
The rope is terminated on the post at a point that coincides with the original gnomon's style. This point is a nodus.

The origin and the termination point of the rope will always lie in the sun's hour plane for any time of the day. To use the shadow plane
sundial all that needs to be done is to bring the rope into the sun's hour plane. This is very easy to do. The rope is first pulled taut. It
does not matter how high it is above the ground. Move around the outside of the sundial while watching the rope's shadow. When the
shadow passes through the origin the rope is then in the sun's hour plane. The rope's shadow will also be passing through the hour
markers. Read the time. It's just that easy!
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The "Dialling Guides' are based on an east-west dimensions of 1000 and 3000 millimetres. The north-south dimension will be determined
by the number of hour lines that will be included in the design. The location of the post relative to the origin depends upon the desired
post height and in turn the latitude. If the height of the termination point on the post is "P", the distance "D" from the origin to the
termination point of the rope can be determined as follows:

D=P/tan g where g is the latitude at the sundial's location.

To avoid this calculaton Table 1 calculates "D" for a number of values of "P" at all latitudes for which "Dialling Guides" are available.
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Obtain a set of horizontal shadow plane sundial "Dialling Guides" that are closest to the latitude where the sundial will be located. The
tables provided in each "Dialling Guide" are based on the east-west dimension of the sundial. The two sizes available are 1000 and 3000
millimetres. The 1000 mm "Dialling Guide" can be used to calculate the information required to construct any size of shadow plane
sundial should the one provided be unsuitable. All you need to do is calculate a multiplier as follows: (Desired east-west dimension in mm
/1000).

For purposes of the instructions let's design horizontal shadow plane sundials for the latitudes 50.0° North and South with an east-west
dimension of 1000 mm, 15 minute time increments and a time range from 4:00 a.m. to 8:00 p.m. Table 2 shows the "Dialling Guide" that
will be used. Let's say that the the dimension "P", the height of the termination point on the post, is 250 mm. The dimension "D", the
distance from the origin to the termination point of the rope is 209.8 mm. "D" is less than the dimension "Y" of 376.8 mm at 4:00 a.m./8:00
p.m. obtained from Table 2. In this example"Y" becomes the limit for the north-south dimension above the origin. The minimum required
north-south distance is 876.8 mm.
Latitude: 50.0° N/S
Earliest Sunrise: 3:49 a.m.  Latest Sunset: 8:11 p.m.
E-W Dimension: 1000 mm

Local Time X Y Local Time X Y Local Time X Y
12:00 0.0 | -500.0

1155 | 12:05 | 8.4 |-500.0| 8:25 3:35 | 500.0 | -478.6 | 455 7:05 | 500.0 | 190.2
11:50 | 12:10 | 16.7 | -500.0 | 8:20 3:40 | 500.0 | -457.0 | 4:50 7:10 | 500.0 | 205.8
11:45 | 12:15 | 251 | -500.0 | 8:15 3:45 | 500.0 | -436.1 | 4:45 7:15 | 500.0 | 221.6
11:40 | 12:20 | 33.5 | -500.0 | 8:10 3:50 | 500.0 | -415.8 | 4:40 7:20 | 500.0 | 237.6
11:35 | 12:25 | 41.9 | -500.0 | 8:05 3:55 | 500.0 | -396.1 | 4:35 7:25 | 500.0 | 253.8
11:30 | 12:30 | 50.4 | -500.0 | 8:00 4:00 | 500.0 | -376.8 | 4:30 7:30 | 500.0 | 270.4
11:25 | 12:35 | 59.0 | -500.0 | 7:55 4:05 | 500.0 | -358.1 | 4:25 7:35 | 500.0 | 287.2
11:20 | 12:40 | 67.5 | -500.0 | 7:50 4:10 | 500.0 | -339.8 | 4:20 7:40 | 500.0 | 304.4
11:15 | 12:45 | 76.2 | -500.0 | 7:45 4:15 | 500.0 | -321.9 | 4:15 7:45 | 500.0 | 321.9
11:10 | 12:50 | 84.9 | -500.0 | 7:40 4:20 | 500.0 | -304.4 | 4:10 7:50 | 500.0 | 339.8
11:05 | 12:55 | 93.7 | -500.0 | 7:35 4:25 | 500.0 | -287.2 | 4:05 7:55 | 500.0 | 358.1
11:00 | 1:00 | 102.6 | -500.0 | 7:30 4:30 | 500.0 | -270.4 | 4:00 8:00 | 500.0 | 376.8
10:55 | 1:05 | 111.6 | -500.0 | 7:25 4:35 | 500.0 | -253.8 | 3:55 8:05 | 500.0 | 396.1
10:50 | 1:10 | 120.8 | -500.0 | 7:20 4:40 | 500.0 | -237.6 | 3:50 8:10 | 500.0 | 415.8
10:45 | 1:15 | 130.0 | -500.0 | 7:15 4:45 | 500.0 | -221.6 | 345 8:15 | 500.0 | 436.1
10:40 | 1:20 | 139.4 | -500.0 | 7:10 4:50 | 500.0 | -205.8
10:35 | 1:25 | 148.9 | -500.0 | 7:05 4:55 | 500.0 | -190.2
10:30 | 1:30 | 158.7 | -500.0 | 7:00 5:00 | 500.0 | -174.9
10:25 | 1:35 | 168.5 | -500.0 | 6:55 5:05 | 500.0 | -159.7
10:20 | 1:40 | 178.6 | -500.0 | 6:50 5:10 | 500.0 | -144.7
10:15 | 1:45 | 188.9 | -500.0 | 6:45 5:15 | 500.0 | -129.8 | The sign of the X co-ordinates, for
10:10 | 1:50 | 199.4 | -500.0 | 6:40 5:20 | 500.0 | -115.1 | the Northern Hemisphere, will be
10:05 | 1:55 | 210.1 | -500.0 | 6:35 5:25 | 500.0 | -100.5 | Ppositive for the a.m. hours and
10:00 | 2:00 | 221.1 | -500.0 | 6:30 5:30 | 500.0 | -85.9 negative for the p.m. hours. The
9:55 | 2:05 | 232.4 | -500.0 | 6:25 5:35 | 500.0 | -71.5 sign of the X co-ordinates, for the
9:50 | 2:10 | 244.0 | -500.0 | 6:20 5:40 | 500.0 | -57.1 Southern Hemisphere, will be
9:45 | 2:15 | 255.9 | -500.0 | 6:15 545 | 500.0 | -42.8 negative for the a.m. hours and
9:40 | 2:20 | 268.2 | -500.0 | 6:10 5,50 | 500.0 | -28.5 positive for the p.m. hours.
9:35 | 2:25 | 280.8 | -500.0 | 6:05 5,55 | 500.0 | -14.2
9:30 | 2:30 | 293.9 | -500.0| 6:00 | 6:00 | 500.0 | 0.0 The tables can be made easier to
9:25 | 2:35 | 307.4 | -500.0| 5:55 | 6:05 | 500.0 | 14.2 follow by highlighting the rows of
9:20 | 2:40 | 321.4 | -500.0| 5550 | 6:10 | 500.0 | 28.5 values that will be used in building
9:15 | 2:45 | 335.9 | -500.0 | 545 | 6:15 | 500.0 | 42.8 the sundial. All the extraneous
9:10 | 2:50 | 351.0 | -500.0 | 5:40 | 6:20 | 500.0 | 57.1 information can also be stroked
9:05 | 2:55 | 366.7 | -500.0 | 5:35 | 6:25 | 500.0 | 71.5 out. This will help to ensure that
9:00 | 3:00 | 383.0 | -500.0 | 5:30 | 6:30 | 500.0 | 85.9 the correct values are used during
8:55 | 3:05 | 400.1 | -500.0| 5:25 | 6:35 | 500.0 | 100.5 | Cconstruction.
850 | 3:10 | 418.0 | -500.0 | 5:20 6:40 | 500.0 | 115.1
845 | 3:15 | 436.8 | -500.0 | 5:15 6:45 | 500.0 | 129.8
840 | 3:20 | 456.5 | -500.0 | 5:10 6:50 | 500.0 | 144.7
835 | 325 | 477.2 | -500.0 | 5:05 6:55 | 500.0 | 159.7
8:30 | 3:30 | 499.2 | -500.0 | 5:00 7:00 | 500.0 | 174.9

Table 2
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All the information is now available for the construction of the horizontal shadow plane sundial. The following is one method that can be
used to lay out the sundial. You may find another one that is better suited for you.

Slot

|
|Centre
Line

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
9

Figure 2

The first step is to establish the true north-south line or local meridian line at the location of the sundial. To do
this both the latitude and longitude must be known. The time that the sun passes over the local meridian on the
day that this procedure will be carried out must be determined. This is local apparent or solar noon. An
accurately set clock or watch is also required.

Mark the position of the sundial's origin "O" at the site location. This point is shown in both Figure. A vertical
device will be positioned at the origin "O" that will cast a shadow on the ground. The position of the shadow will
be marked at solar noon and the line drawn from "O" to the marked point will be the true north-south or meridian
line. This line must be established as carefully and accurately as possible because it is the basis of the
remainder of the layout. The device can be a "straight" section of pipe or rod. Make it as long as possible. If a
solid device is used you will have to estimate the centre of the shadow. Figure 2 illustrates a device that uses a
small band of light. Take a thin (1/8") piece of wood and cut a slot the width of a saw blade as shown in the
figure. The dimensions of this device can be about 100 mm wide and 150 mm high with a slot 50 mm in length.
Attach the device to a "straight" length of wood and draw a vertical line from the centre of the slot to the bottom of
the extension. This is the dashed line in the figure.

Position the completed device so the bottom of the dashed line is located on the origin "O". Ensure that the line
is vertical in all directions. This is where having a "straight" extension helps. The device can be attached to a
step-ladder to hold it in position. You will note that the slot will cast a band of light on the ground. As the time
approaches noon the device can be rotated to keep the slot in line with the sun. Any adjustments requiring you
to use a ladder should be done from a second step-ladder. A few minutes before noon check that everything is
aligned and vertical. If you are marking pavement position a piece of paper where the band of light from the slot
is falling. If this procedure is being done on soil then have a couple of small nails ready. You will be marking the
two edges of the band of light. Now you are ready.

Be prepared! It is amazing how quickly the sun moves when you are keeping track of time and watching the
band of light. At precisely solar noon mark the two egdes of the band of light on the paper with a pen or on the
soil with the two nails. Now relax. Mark the spot at the point midway between these two points in the pavement
or soil in some permanent manner.

The line between this point and the origin "O" is the local meridian. You may want to carry out this procedure a
couple of times just to increase the accuracy. If you get a slightly different position the second time for no
apparent reason you can average the two positions.

If this line is shorter than the required north-south dimension of the shadow plane sundial you are building then extend it to the appropriate
length. For our example this would be a distance of 376.8 mm. The east-west line must now be established. To do this a "3-4-5" triangle
will be used. Figure 3 illustrates this triangle. The relative dimensions of this triangle makes it simple to calculate the dimensions of the
the remaining two sides when a value is applied to one. Table 3 provides calculated values that are ready to be used based on
pre-assigned values for the "4" side. The multiplier for the "3" side is 0.75 and for the "4" side 1.25. The lengths are in millimetres.

"3" | "4" "5" "3" "4" "5"
375 | 50 | 625 600 800 | 1000
75 1100, 125 | 637.5 |850 |1062.5
1125|150 | 1875 | 675 | 900 | 1125
150 | 200 | 250 | 712.5 | 950 |1187.5
187.5| 250 | 3125 | 750 |1000| 1250
5 225 | 300 | 375 | 787.5 |1050|1312.5
2625|350 | 4375 | 825 |1100| 1375
300 | 400 | 500 | 862.5 |1150|1437.5

90° 337.5| 450 | 562.5 | 900 |1200| 1500
375 | 500 | 625 | 937.5 |1250]| 1562.5

\ 4125|550 | 687.5 | 975 |1300| 1625

| 450 | 600 | 750 |1012.5|1350|1687.5

4 | 487.5| 650 | 812.5 | 1050 |1400| 1750

_ 525 | 700 | 875 |1087.5/1450|1812.5

Figure 3 562.5| 750 | 937.5 | 1125 |1500| 1875

Table 3
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Figure 4 illustrates how to use the "3-4-5" triangle to lay out the east-west line. By using the 4-step process shown, 4 points will be
established along the east-west line. For example, in Step 1 measure up the meridian line a distance equal to the selected "4" side
measurement. Using two metric tapes set the zero of one at this newly established point and the zero of the second at the origin "O". As
you move along the east-west line keep these tapes crossed and note their readings. When the tape starting from "O" reads the selected
"3" side measurement and the tape from the meridian line reads the selected "5" side value, mark the point A. Repeat this procedure for
Steps 2, 3 and 4 but with the triangle rotated to the positions shown. The five points A, B, C, D and O should be located on a straight line.
Extend lines OB an OD to the required semi-major axis length. For our example this would be 1000 mm.

Meridian Meridian Meridian Meridian Meridian
Line Line Line Line Line

RED - "3"

East -|West Line

G— © —0 © 6—o 6—o
A O B o (0] c O D B A O cC D
Step 1 Step 2 Step 3 Step 4 Step 5
Figure 4

The north-south or meridian line needs to be extended below the east-west line as this is where the majority of the sundial is located. If
the "3-4-5" triangle method is used the two points that will be established should be in line with the existing meridian line. This would

make a good check of the layout if you are willing to spend the extra time. For our example the line must be extended a minimum of 500
mm.

The positions of the hour lines can now be determined. Points on the hour lines will be placed so the sundial indicates local apparent or
solar time. As illustrated in Figure 5 the north-south line, east-west line, origin "O", noon point, 6 a.m. point. 6 p.m. point and the 4:00
a.m./8:00 p.m. limit "L" have all been established. The hour line points will be located on lines AB, AD and CD so the points A, B, C and

D must be found with great care. Using the two tape method described above set the zero of one tape to noon and the second at F to find
A and the at E to find D. Then set the zero of one tape at L and the second at F to find B and E to find C. The diagonal measurements
can be used to confirm the positions of points A, B, C and D.

+Y
C North -[South Line B
- — 4
4:00 a.m./8:00 p.m/| L )z
Limit e
Diagonal (for this example): 2
SQRT(500*500+376.8*376.8)= s

376.8 626.1 mm \////-/

East - West Line

AN
AN
500.0 T

Diagonal: N N
1000 mm sundial - 707.1 mm
3000 mm sundial - 2121.3 mm N

_’—7 500.0

\
D Solar|Noon A

-Y
Figure 5
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The locations of the points for the desired hour lines are established by using the co-ordinates from the "Dialling Guide" in Table 2 and by
measuring along the appropriate line from points E, F or noon. If the latitude is far enough north or south measurements will also be done
from point L. The position of the post where the rope is terminated was determined earlier to be 209.8 mm above the origin and on the
true north-south line. Make this post as vertical as possible and ensure that the termination point is directly above the required position.
The horizontal shadow plane sundials for the Northern and Southern Hemispheres will appear as in Figure 6. The sundials for our
example have hour points every 15 minutes.

8 & North 4

Figure 6

Horizontal Shadow Plane Sundial
Northern Hemisphere

4 @ South A8

//j/Origin\?\\
— 7 7N O
s/ AN
— <77 TN
76 sy // | \\ \ \\ 95

10 11 12 1
North

Horizontal Shadow Plane Sundial
Southern Hemisphere
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If the points for the hour lines are laid out in a non-permanent way the can be used to lay out a sundial of any appropriate shape or size.
To reposition an hour line point secure a string at the origin. Pull the string taut and position it so that it passes over an hour line point.
Mark any point or line segment along the string and that is the new marker for the hour line. Repeat this for all the other hour lines. the
origin and the post remain in their previous positions. Figure 7 illustrates this idea by using a porion of a circle and changing the hour line

markers from points to short line segments. Just use your imagination!

Termination Point
®

6 6 @

1 12 11

Figure 7

A sundial that indicates local apparent or solar time has hour lines that are symmetrical about both the north-south and east-west lines.

This fact can be used to simplify laying out your sundial.

Happy Dialling!



