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THE RESTORATION OF A HORIZONTAL DIAL 

BY HENRY SUTTON 

 
JOHN DAVIS 

This article is a version of a talk given at the 2016 BSS 
Newbury meeting. 

H 
enry Sutton (c. 1624–1665) was the leading 

English mathematical instrument maker in the 

middle of the 17th century. He is best-known for 

his instruments featuring stereoscopic projections (see 

Fig. 1 for an example) and other complicated features and, 

indeed, he is known to have worked out how to draw some 

of these instruments from only a basic description, so 

clearly he had a good understanding of the practical 

mathematics behind them.1 As well as making double 

horizontal dials and various quadrants, he also produced the 

engraved plates used as illustrations in books by John 

Collins. This understanding of the printing process allowed 

him to develop the technique of ‘counterproofing’ whereby 

a wet print pulled from an engraved instrument is used as a 

printing plate (in mirror image) to make a second 

counterproof print mirrored back to the original 

appearance.2 These counterproofs, stuck to a wooden core, 
were the basis of the industry of relatively cheap but 

serviceable paper instruments. Sutton also collaborated 

with workers in numerous associated fields developing 

novel versions of instruments as has been recently 

described.3 

The quality of Sutton’s engraving, both in terms of neatness 

and accuracy, surpassed that of his contemporaries so that 

when he died in 1665 of the plague, the Secretary of the 

Royal Society bemoaned his loss and in 1758, long after his 

death, Edmund Stone paid him the following praise: 

“Mr Sutton’s Quadrants, made above one hundred 

Years ago, are the finest divided Instruments in the 

World; and the Regularity and Exactness of the vast 

Number of Circles drawn upon them is highly delightful 

to behold.”4 

Ordinary horizontal sundials by Henry Sutton – as opposed 

to the more complicated double horizontal dials or 

quadrants – are very rare so when a chance telephone call 

asked if I might be able to restore such a dial, it was an 

opportunity not to be missed. During my researches, I have 

been able to locate only one other similar dial (at 

Broughton, Bucks., SRN 1264) – no museum has one as far 

as I could establish, though a small windowsill dial is in 

private hands. The dial, shown in its unrestored state in 

Fig. 2, is around 8ʺ in diameter and an eighth of an inch 

thick and had lost most of its gnomon. There had been an 

Fig. 2. Overall view of the unrestored dial. 

Fig. 1. A print (proof) taken from the plate of a double 

horizontal dial engraved by Henry Sutton. It has been 

electronically mirrored though actual examples exist which 

are ‘counterproofed’. Copyright British Library, Birch 

Collection. 
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The most interesting feature of the design is that it has a 

motto engraved in a beautiful script around a ring between 

the compass and the chapter ring, (Fig. 5) reading: 

“As shade doth pass from line to line 

by motion of the sunn 

So doth our age from time to time 

untill our race be runn” 

This motto is not in Gatty5 but similar lines are found on 

some compendia by Humphrey Cole in the late 16th 

century: it must have been rather old-fashioned by 1652 

and one wonders whether it was put there at the request of 

the commissioner of the dial. The advantage of its 

uniqueness is that it allowed the provenance of the dial to 

be established as coming from Ropley House in Hampshire 

as it is described in a book of 19296 with the motto (with a 

couple of transcription errors) although the current 

Hampshire Gardens Trust website7 adds “now lost” to its 

description.8 Ropley is only a couple of miles east of 

Bishop’s Sutton (both had been under the control of the 

Bishop of Winchester in the medieval period) and this led 

to a possibility that the dial had been made as a gift for 

Henry Sutton’s birthplace, which is currently unrecorded. 

There is certainly a precedent for this as Elias Allen made a 

dial for his birthplace of “Ashhurst” in Kent with an 

inscription to record the fact.9 However, the latitude of 

Ropley is 51° 05′ N and the dial was made for 51.6° ±0.1° 

(see below) so that cannot have been its original home. 

Delineation 

Given Sutton’s reputation for the accuracy of his 

instruments, it was clearly of interest to determine just how 

well delineated the dial actually was. Thus, the angles of 

the hour and half-hour lines were carefully measured and 

earlier attempt to solder the broken (and now lost) part of 

the gnomon back on and the owner recalls watching a local 

handyman removing the excess lead solder by heating the 

plate with a blowlamp! 

The dial is clearly signed “Henry Sutton fecit 1652” in his 

neat hand (Fig. 3). I was slightly surprised that the dial was 

circular as, at that date, it was more usual to see square or 

octagonal plates – cutting curves was difficult. On close 

inspection, though, it was possible to see straight tangential 

lines engraved around the circumference (Fig. 4) which 

indicated that it had originally been octagonal and then cut 

down later, most probably because screw-holes in the 

corners had been damaged. Whoever did the cutting was 

not as good a workman as Sutton as the edge is not 

perfectly circular. 

The design of the dial is fairly standard, reading from  

3:30 am to 8:30 pm with inward-facing numerals and 

divided to half-quarter (7½ minute) intervals. The two 

centres of delineation at the toe of the gnomon are indicated 

by holes penetrating the plate, just 0.5 mm in diameter, 

with another similar hole in the centre of the plate. 

Fig. 3. Henry Sutton’s signature on the dial. 

Fig. 4. Tangential line indicating the original octagonal 

outline. 

Fig. 5. The motto. 
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and +90°) as is almost always observed. The key point is 

that the overall spread of errors is extremely tight and the 

standard deviation is just 0.148°, the smallest that I have 

ever measured. When it is remembered that this figure 

includes my measurement errors, it demonstrates that 

Sutton deserves his reputation as “one of the finest artisans 

of his age”. 

Construction and Metallurgy 

The gnomon was attached to the dial plate by three, rather 

than the usual two, tenons – another indication of Sutton’s 

attention to detail. Only one remained in position and this 

had to be carefully removed to allow a new gnomon to be 

fitted. The end had been peened over as is usual but the 

result was virtually flush with the back of the dial, thus 

allowing it to sit on a pedestal without the need for a 

depression in the stonework. This was achieved by 

chamfering the back edges of the tenon slots (mortices) to 

provide a tapered hole in which the tenon expanded as a 

dovetail (Fig. 8). The effectiveness of this method is shown 

by the fact that the single remaining tenon had retained the 

broken part of the gnomon very firmly and it proved quite 

difficult to remove! 

The thickness of the dial plate was measured at half-

centimetre intervals in the N–S and E–W direction with a 

mechanical gauge, as shown in Fig. 9. The results are 

shown in Fig. 10 where it can be seen that the thickness is 

amazingly uniform across the whole plate (compare with 

the results in the articles on late 18th and early 19th century 

dials11). The plate is thicker at around 3 mm than some 

other dials of the period, which often have thickness 

variations of ±30%. If it had not been clear that this really 

compared with the theoretical values for a dial with an 

optimised latitude. The measurement produced an 

unexpected result: the lines for the ‘back hours’ (before 

6 am and after 6 pm) were drawn from the wrong centres of 

delineation! See Fig. 6. This is very much a beginner’s 

mistake10 and not one that an experienced diallist of 

Sutton’s standing could be expected to make. I am at a loss 

to understand it – Sutton must surely have known the 

proper method of delineation and the quality of the 

engraving makes it very unlikely that he delegated this task 

to an apprentice. Perhaps he was just in a hurry or having 

an off-day. With such a thin gnomon, it makes very little 

difference to the accuracy of time readings and it is not 

readily noticeable without extending the hour-lines. But it 

is perhaps comforting that even such a great craftsman as 

Sutton made mistakes. It is significant that the windowsill 

dial mentioned earlier, dated 1660 and divided to 5-minute 

intervals as well as to half-quarters despite its small size, 

does not show this error. 

The error profile of the hour-lines is shown in Fig. 7 for an 

optimised latitude of 51.6°, almost certainly chosen for 

London. The back-hours delineation error does not affect 

the actual angles though these lines show slightly more 

variation than the fore-hours (for hour-angles between –90° 

Fig. 6. Picture showing the wrong centres of delineation 

for the back-hours. 

Fig. 7. Profile of errors of the hour-line angles, for an 

optimised design latitude of 51.6°. 

Fig. 8. Two of the tenons on the back of the dial and (inset) 

a close-up of one of the tenon slots showing the chamfered 

edges. 
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is a hand-hammered plate, there would be a suspicion that 

the sheet was modern cold-rolled material. If Sutton 

hammered it himself, he was remarkably good at it and if 

he delegated it to an apprentice (as is often thought to be 

the workshop practice of the time) then he was clearly a 

very demanding master. 

The alloy compositions of the dial plate and the gnomon 

remnant were analysed by X-ray fluorescence.12 The key 

results are shown in Table 1. They show a fairly typical 

17th-century ‘leaded-brass’ comprising a medium 

concentration of zinc, Zn, with a small but significant tin, 

Sn, content.13 The minor components are also fairly typical. 

Despite the fact that the front of the dial has been partially 

cleaned of the patina/corrosion, there is still a marked 

degree of surface dezincification (and tin build-up) when 

compared to the back of the dial, which was cleaned more 

aggressively. One major finding is that the alloys of the dial 

plate and the gnomon are essentially the same, indicating 

that they have been produced from the same source – not 

necessarily from the same crucible of melt but at least in 

the same foundry. This contrasts with many dials where the 

dial plate has been produced from stock material but the 

gnomon is a casting with a separate alloy. Clearly, Sutton 

was working in close collaboration with the foundry and 

had planned ahead. 

A Replacement Gnomon 

A major part of the restoration was the manufacture of a 

new gnomon. It was extremely fortunate that good side-

view photographs of the only recorded Sutton horizontal 

dial were available in the BSS Register of Fixed Dials – see 

Fig. 11. (Dial Recorders please note – always take such a 

Fig. 9. Method of measuring the thickness profile of a dial 

plate (a different dial in this case). 

Fig. 10. Thickness profiles of the Sutton dial plate. 

Area Cu Zn Sn Pb Ag Ni Fe As Sb In Comments/Others 

Dial plate (back) 74.8 21.7 1.2 1.4 0.09 0.15 0.56 0.03 0.06 tr mechanically cleaned 

Dial plate (front) 77.6 16.5 1.5 2.9 0.13 0.10 0.41 0.11 0.08 tr after restoration and 

mild cleaning 

Gnomon (average of 

E and W sides) 

75.7 20.3 1.3 1.7 0.12 0.12 0.41 0.10 0.03 tr mechanically cleaned 

Table 1. Alloy compositions of the components of the dial  (in wt%, rounded to one or two places of decimals) as measured by 

XRF by the author using a Thermo-Scientific Niton XL3t analyser with a 65 second sampling time, a 50 kV primary beam and 

a Silicon Drift Detector. The instrument was cross-calibrated against a set of CHARM (Cultural Heritage Alloy Reference 

Materials) test specimens with a representative range of trace elements in a copper-alloy matrix.12 nd = not detected;  

tr = trace. 

Fig. 11. The only other recorded horizontal dial by Sutton 

(SRN 1264) with a model gnomon. Note the broken-off spur 

(ringed) which is present (inset) on the gnomon from a 

nearly contemporary dial. 
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low-angle side view, level with the plate, when photo-

graphing a dial as you never know when it might be 

useful!) By carefully processing the picture, it could be 

made to represent a 51.5° gnomon and then imported into a 

CAD program and redrawn to suit the present case. The 

gnomon could be regarded as over-size as it is taller than is 

strictly necessary to ensure its shadow always reaches the 

chapter ring but this is a common feature on many 17th-

century English dials and contributes to their characteristic 

and handsome appearance. It was noticed that the gnomon 

on the Broughton dial had a small spur broken off from the 

outside of the large S-supporter, a feature which is found 

on several contemporary dials (e.g., by Hilkiah Bedford), as 

is shown by the example in the inset of Fig. 11, so this was 

incorporated in the design for the replacement. 

Once the gnomon design was completed it was output as a 

file in DXF format appropriate for a waterjet cutting 

machine. The original gnomon would have been made by 

casting but this is not now the preferred method except for 

very large gnomons. Modern diallists have the luxury of 

semi-hard cold-rolled brass sheet and luckily it is still 

available to model engineers in the 1/8ʺ (approximately 

3.2 mm) thickness required to match the original gnomon 

as well as the 3 mm industry standard. Waterjet cutting is a 

wonderful modern process which saves many hours of 

tedious work with a scrollsaw but it does have its 

limitations. The jet removes a kerf of 1 to 1.5 mm width 

and this limits the tightness of any curve that can be cut. 

The speed of the jet is important around tight bends to 

avoid overcutting – Fig. 12 shows what can go wrong and 

why some operators are better than others.14 The cut also 

has a slight taper of around a degree or so as the jet widens 

as it passes through the material (though the most modern 

machines can tilt the jet under software control so that all 

the taper is on the waste side of the cut). Together with the 

fine granular structure of the cut edge (Fig. 13), these 

features mean that a waterjet-cut gnomon has a very 2D 

appearance with sharp edges and is very easily 

distinguished from an old cast item so would look most 

inappropriate. The solution is a lot of fettling work with 

fine burrs and needle files, cleaning up the edges and 

giving the intersections of the curves a more 3D shape 

(Fig. 14). 

The new gnomon could have been fitted complete but that 

would have left the question of what to do with the small 

piece of the original which had been removed. The solution 

was to cut an equivalent section out of the replacement 

part, machine a 30° chamfer on the mating edges and to 

solder them together. The new section was signed and 

dated on the tenons so that future generations will know 

that it is not original. The whole structure was chemically 

treated to give it a light brown patina so that it was not so 

obviously new and then fitted in place with taper pins 

through the extended tenons. This method was preferred 

rather than trying to hammer over the tenons as was 

originally done as it allows the gnomon to be removed at 

will and does not cause any further damage to the dial 

plate. 

Fig. 12. An initial, unsuccessful, waterjet-cut gnomon. 

Inset: the wide kerf and over-cut sharp inner bend on the 

spur. 

Fig. 14. Close-up of the second, successful, waterjet-cut 

gnomon showing the cleaned-up profile approximating to a 

cast shape and the splice to the original section on the 

right. 

Fig. 13. Macro photograph of the end view of the waterjet-

cut tenon, showing the granular nature of the cut surface. 
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abrasive rubber cones in a high-speed motor-tool. The 

tradeoff here was between achieving a shiny brass 

appearance (which was what the owner wanted) and not 

removing too much material and making the fine engraving 

shallower and less sharp. Fig. 15 shows an intermediate 

stage with half the dial partially cleaned. Fig. 16 is a 

micrograph which shows what is happening – the patina is 

actually a very fine pitting with the pits almost as deep as 

the fine engraved lines. Clearly, to remove all the pitting to 

reveal the underlying metallic surface would risk losing the 

finest engraving and so I decided to stop with a semi-matt 

surface. More material can always be removed but it cannot 

be put back! I am sure that a museum conservator would 

have removed less material whereas many old dials have 

been so over-polished that only the deep Roman numerals 

are still clear so there is never a definitive answer to this 

dichotomy. 

I experimented with a wax fill for the engraving. 

Originally, the dial quite probably had a black wax fill. On 

the other hand, on polished dials the dried remnants of the 

polish (Brasso™ or the equivalent) is white and this can 

sometimes be quite attractive on dials with dark patinas as 

it provides contrast. I tried both black and white waxes, 

which could be quickly applied or removed by warming the 

plate up to around 70°C and melting the wax in, scraping 

off the excess as the plate cooled. The conclusion was that 

white worked better in this case. A final coating of 

microcrystalline wax was then applied over the whole dial 

to provide a barrier against oxidation: as the dial will be 

kept indoors, this will last for many years and is easy to 

reapply. The finished restoration is shown in Fig. 17. 

Restoring the Dial Plate 

The first step to restoring the plate was to remove the 

remains of the lead solder from the earlier gnomon repair. 

This was achieved by a combination of careful scraping 

and chemical methods (using a proprietary solder remover, 

applied locally). This worked well though it did show that 

the surface of the plate was now shiny in that area and that 

the engraving there was slightly shallower. 

The dark blotchy patina on the rest of the dial plate was 

then tackled, again using a combination of chemical15 and 

mechanical methods. This latter involved the use of small 

Fig. 15. The dial plate at an intermediate stage of the 

cleaning process. 

100 microns 

Fig. 16. Photomicrograph of the dial surface at an 

intermediate stage in the cleaning showing the finely pitted 

surface and two of the narrower engraved lines. 

Fig. 17. The completed restoration. 

Surface 

pitting 

Engraved lines 
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Conclusions 

It is apparent that Henry Sutton does deserve his high 

reputation for scale accuracy and neat engraving. He was 

also a skilled metalworker and produced instruments 

superior to others of the period. Even he, though, was not 

immune to making mistakes. 
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